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Time course of improvements in cardiovascular and metabolic risk makers to exercise
training with various conditions under hypoxic conditions and detraining
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The present study aimed to clarify time course of improvements in cardiovascular
and metabolic risk makers to exercise training with various conditions under hypoxic conditions and
detraining. The results indicated that exercise training under hypoxic conditions induce more effectively
improvements in cardiovascular and metabolic risk factors compared to the exercise under normal
conditions, and that the improved risk factors are maintained for 8 weeks following cessation of the
training. Also, the improvements after the training did not differ in the range of intensities from 50%
to 60% of VO2max, and obtained within shorter period under hypoxic conditions corresponding to 2500m
above sea level when compared to the exercise under 2000m above sea level. Furthermore, the repetitive
short-term (i.e. 4 days) hypoxic training with 2 weeks of detraining could improve cardiovascular and
metabolic risk factors.



# XL C—19, F—-19, z—19 (@)

1. WFERMAYS PO R
E-ot 5 BinE N EREEZ B L T
ALV, ZORR B BIfES [4ETEE
TBIR ) RERE. HDHWVL T AZRY w7
R — A | 3SR o 2 R,
D& D Ie kb SR E R TR e
< FBICAT 2. o BB CAFEEEFR %
TB - GE S EBL T ZHET D 2
E T ARV EREEH D SR &)
XD,
AEEBMEEEN S ARSI, A Z R v
JEMGERED T RS « B IR TH D Z LI
BEFIDREETH D, Fox OMFFEE T, Hi8
ETOREHERN L —= 7% 4-8 BWEIZE
19 &, BMERETITOREO FL—=
YT E . BRAT 4 7 R ARMIENR LD
NEENTAR T 5 2 &, MR EERE D[]
Rk s MELEREOE K, BIOOHH
Brenm b2 AR L TEZ6D, F
77 IEERFEE N L — = F G s R )
KTHZELHALMNZENTEY, Fx b
AR EZEORE M B, —@ o
N T AR OTLHEEZ R L TV D
123 Z 5 OIS IT. B IEMRAE A =D,
N D R AL ERBICAFNCER+T5 2 &
Mo, WEROEREN L —= T OBEKT
B D HEAWEBIGE Sy D Bl L > THIER
R TH D, [FRHZ, @i, DR &
ODIMEFRR, 72 5 NTHERIF ISR 5 T
B« B ~OENNEZRETHHDOTHLH
O, TETIEH - /EBSNLTOTFEE LT
DIEFEFHE L —= 2 7 O ARG 2 = 4k
TIENY Do 5 458

2. OB
AL, R ETHAZRY v 7R
0 — AN WEICR L TE@ERL M L—

=TT T NN D RS L,

DLFICRT L) flix O T T2 K
ek b L—= 7ot 5108 - REERED
TR AL & Z OB OFHGNE ] 1[2DWTHY
LINCTAZEEARE LT,

(1) TRprmECOEH N —=27) BFE
B L. PEER - ARHHEE ORFFZE, B X
O b —=2 7 HOROEFRIEICD
WTHLMNMZT 5, (25 )

FER 1 TR EOE D T-REZ A,
(B DRMBEREFCRL—=07 ) %
Fhii L, BFEORRFNZEL, BLO%ER
DOFFEIZ DWW THBARTT T 5, (26 4R )

@FER1, 2 TELNEEMEEMEICBVNT,
e b L— = IR & B 7o 23 & 50
MO R —=0 72 EEM L, &
DORBFHZEAL., B L O RO IC >N
THFT 5, (27 %)

3. WOk
(WEM IR e (55 1)

BRI IR 22k N B 12 44 (2727 %)
L L. 50%VOemax 78E (50%HE). F =X

60%VOzmax ##E (60%#:) ThlL—=27
EITH 2By T T2, ML—=2 70, WRE

& B ITHER 2000mAH Y O EKRE B BR BT T
WZBWT 11830747, # 4 HOMBEE T, 48
1Thiv, REMICET D20 R OREE N g &
niz,

(2B 2 2k /e (5 2)

BRI X RERE 72k N B 24 44 (281 %)
L. WIERE (FJER . ¥k 2000m FH4
(IS 1 #%) . 2500m fHY (K 2 #E) OIK
JFERERECNL—=V 7 %179 3 BEICS
J7ee Pl—=r7mEX, EBR1O/ERE
D . 50% VOmax #JE & 60%VOsmax 58 JE D
MR DOENBD LR - T2D T, Ebi
2 TIEEFNFNOBREIZLBIT 5 50%V02max
FHY DOFRE A vy, 1181 30 47, @ 3 H OSEE
<. 8SHMIThTZ, b L —= 7 HIi%ZDOHEIE
Bzl v, KEEBESREHO NL—= 7
RO L BT,

(BB 3k HMET (5, 3)

B I X RERE 72k N B 14 44 (243 %)
E L. BEAIC 2 BEICHT T, #REE. W
JEBREE (RIERE) . £ I3ER 2O R LV &
D L WEREE LIRS ik 2500m FHS 0
R RRER RS (RER) [2B8W T, ZhEh
DEELETHIE &7z 50%V02max 8 30 4y
MoKFEEZ 4 AFLEGECEB L, S5
W2 EBEOB ML —=2 F R AT, [BED
4 AfGERD FL—=2 7% 2 HIKIE LT,
WEIZX, FL—=2 7 2HORIZIZITDI,
BHIMO L —=0 7 2NELEED, &k
3[R - DR IRERY ZE AL % BFAI L 7=,

T _XTOERICBWT, LR L OFE—
KRR FREES (L —=2 7HOD
50%VOzmax F8EE) FFOEERRAICE . MLH A5
B, SRR (R pE A fRER) . B SkELER A&
E LT,

4. WFFERk R

(DFEBR 1 O R

4 @B L —=2 7%, KRR ERE
1 E 60%HEED B A FAZHE N L 7= (P<0. 05) , £ 7=,
K TIEBRFOREBRIGEIZ OV T, WEs
HiZhb—=r 7 BME 2 BRI, 1 EEH
&2 DA EORE 2R, B X O R T,
SERIME, RN ERET (DA &) OfF
BE72METE (PC0.05) AlEE S, 2 b ok
X, hb—= T ETHEFRF S, F72.
bl —=v78BRIZBWVWTH, hL—=
VI BOEITMRER AN, 2SO ME RIS
BEOEALIX, MENEEREDO M EIZfE 5 KIE
AP, MEOK TR, RN T ~D&
HARBESE-ZLICERTEEZ NS,
—J5, mAFARE. B L CiE, b &b L EEERE
Tholclod, ERUMZE L THERE
LIFERD 7o 7=, THHEREIZES L T,
A s A iRz 3 e o MpEfE D 7 o 2 —
H—T7EBIITEEREIIRO LN o
7B, A VAV VRBREDT VX — 01— 7w
VAR R ) 22 os U 28 g IR 1B )3 A Vi At



NIZH DRBEITHT L TH, B R S
i,
FEBR 1 OFER LY, KEEBRERE FTO

EENEL, B OO HICRM AR, mE
DIET., ZHICEES 1 EHHE, DHEEED
MR EWSTELMEISEDOEEFRL, &
OB N L—=2 2 8 WEIZ M S
HZEMELMME ST, Tz, EBREC
B L CiL, 50%V0amax T+ Bmnig s
nNozZEbHLNERST-,
(238 2 DR

8 WD M —= 7%, WEHIZBWT
X TR TOFEIZB N THERZLITFRD B
Nniemoi-, &KE 1BV TEH, FL—=
VUG A W% E TCIIERREMIERD 6
oo T2, 8 WRITITRK FEEIRF D 1 7]
AHE, DIAHEOAERBR, BLUORE
e, SEHImE, AR EPT (04 H
%)@ﬁ%&ﬁ?(wa%)ﬁﬁééhtob
MUNG, MPIEE., MHEREICE L TXE
BEREIRO bR o1, BENIENE S
BORECTH 2 EMEAIAEVEIZE LTI, .8
WCABIZIET L (PCO.01), —F., IBE 2
BETIX, PL—=0 7 4 BW#% CIRE 1 BEL
FIERDIEIR RIGE DE B/ BALNTD B,
I Bl fﬂiﬂfﬁ \—Ol/\yc%)ﬁifcfaﬁiz))mu&)%
Ny, mMHFfEEICITAEEREIIRD bR
&wotOEWW%%% . hb—=v7F
o4 BRICEARREKETARD LN
@mﬂ@oit RIE 1 RE, 2BEE BT, M
FL—=2 2 8 BWZIZTE T OIS RIS
WAL N —= 7R OENMERF I
2. BEEWEIEGEIXZ L —= 7Rk 0K
VWBEIII R L7 b o0, AERZEIXHEI LT
Y

EER 2 OFER LV | RITEEBEEREE FTO
FEENY, WERETOENLVEBRDOY B
IR MBS, MEDIER T, ZHITES 1H]
HHEE, DHHEEOBE KL Vo 72 IR
DOEAL, B L OMERE, FIEHEKROGEZTH
%L %@ﬁkimm%bv%~/78 %

TSNS Z R anz, ¥i2, %

@ﬁﬁ%%k%ﬁEﬁ@%@vamiof
AR, WEER 2000m XV b 2500m FH Y OB
BROHFNE BMMALHENELNDLZ D
S E o7,
(3)32Br 3 DRk H:

2HID L —=2 7%, WIEREICIX, EEEF
1 ERHEOAFEREKR (P<0.05) ZFRE | il
@%%Kﬁﬁﬁ%m IO LN hoTz, K
FERETIE, B 1ML —= 0 7T, EBIR
@1@mm$ DA EORE R, K
mﬁ#(IﬁmE/bmﬁ%)®ﬁﬁﬁﬁT
M&&ﬁmt(woom oz, Fhi-2Em
R ¥ 1 % o B ﬁﬁ@ﬁT#mw6n
(P<0.05) . ZNHOMEIZ 2 BB OB L —=
VIO EREHATH, FL—o U TR TETED
Bpio T, REHEEA~DRBE L LTL, F 1
MR —=2 7RISR OMBEARNRRIZE - T
M ENT-A LAY T U — I — T HEEN

ﬁ% IETFL (PCO.05), 1l hL—=22
BT T o 7 — T — 7ﬁﬁ@ﬁﬁ&ﬁ
Tkmwgmtawum B (RHLAICBI LT
BN L —= 0 7%ICRE, BRIEIGE,
@%%%%E%ﬁ%mﬁTL@mﬂm\%@
HFIL DL —= 0 Ttk E THERR, & DV Iy
KEEMIZ D -7z, MHFREIX, FLr—=27

M ZE L CTABRRZ (LIRS oT,
FHR 3 OFRER IV | WEHL 2500m 04 DKL

EEER RS 72 51X, EMEMO hL—=

YIWCBOWTHERAT 4 7 3 A, JEBIEER

I 2 A BRI T S, mHbEae. B AR

DL ﬁbf%ﬂ%m%%ﬂé L ETE

QIO L —=0 VAT E LTS,

ZOMPITHERF, HAVITEHITHREND

ZEDIRIBEE T,

PlEFEDRE, AXRY v I Ru—
LADFERKFEEEICH LT, X0 R
FERBIEERE FICBITS hL—= 0 75 b
LT, UTOZ ERHLNEZ2o T,

O X FEMNCOME RISE . B IR, it
FERE/R COMEEE L, # 4 A OEShEE
THhE, E&HEE L 50%V02max T1+4y
RNRERFFHND,

@ 251G R+ O 2 38 (2 IR AR 198 35 B
VoL L Pk 2000m &L Y i@?}
2500m D, L EHE THRERNE LN
Do

@ MEH 2500mFH Y ORI EE R BR B Tl b
&#ﬁmﬁﬁa>bv~>a/7 (1 ML)

IZBWTHEBRE T OUENRRD b,
2B Ol L —= TR ATER

ERELTH, ZORRITHER. 50

HIZERE D,

TS OMFFERR T, EAEENATRE L.
THETIHERY VAR LADOT —<IZHED
ANBNDE I T&T, SHBOEREL
LTiE, o084 5 &k 2 7 aREKE T
FBOUHEA T = X AZONWT, EbE. B85
T FHIRFGE & S 6O CTREBR L T < LB
HA9,

<G 3Lk >

@) Fujimoto-Takai, E., S.Yonetsu, Nagira,A.
Kurobe K., Z.Huang, H.Takekura, F.Ogita.
Effects of hypobaric hypoxic exercise on
insulin sensitivity in spontaneously diabetic
Torii rats, Proceedings of International
Symposium in NIFS 2012 “Hypoxic Training
and Metabolic Syndrome”:116-125, 2012

@ Katayama,K., K.Goto, K.Ishida, F.Ogita.
Substrate utilization during exercise and
recovery at moderate altitude. Metabolism,
59:959-966, 2009

@ Kawakami,R., M.Nishiwaki, H.Tamaki,
K.Saito, F.Ogita. Effects of exercise training
under hypobaric hypoxic conditions on insulin
sensitivity in  postmenopausal ~ women,
Proceedings of International Symposium in
NIFS 2012 “Hypoxic Training and Metabolic



Syndrome”: 93-104,2012

@ Lee ,W.C., JJ.Chen, D.D.Hunt, C.W.Hou,
Y.CLai, F.CLin, C.Y.Chen, C.H.Lin,
Y .HLiao, CH.Kuo. Effects of hiking at
altitude on body composition and insulin
sensitivity. Preventive Medicine, 39: 681-688,
2004

(® Mair,J., A Hammerer-Lercher, M Mittermayr,
A Klingler, E Humpeler, O.Pachinger,
W .Schobersberger. 3-week hiking holidays at
moderate altitude do not impair cardiac
function in individuals with metabolic
syndrome. In.J.Cardiol., 123: 186-188, 2008.

® Nishiwaki,M., F.Ogita, Effects of low-intensity
exercise in acute and chronic mild hypoxia on
arterial stiffness, Proceedings of International
Symposium in NIFS 2012 “Hypoxic Training
and Metabolic Syndrome™:24-34,2012

@ Ogita,F. Effects of hypobaric hypoxic training
on the adaptation for cardiovascular function.
The 12th International Symposium on Altitude
training 2008 Tokyo Proceedings: 35-41, 2009

Schobersberger,W ., P.Schmid,
M.P Lechleitner, S.P.von Duvillard,
H.Hortnagl, H.C.Gunga, A Klingler, D .Fries,

K Kirsch, R.Spiesberger, R.Pokan, P.Hofmann,

F.Hoppichler, G.Riedmann, H.Baumgartner,
E Humpeler. Austrian Moderate Altitude Study
2000 (AMAS 2000). The effects of moderate
altitude (1,700 m) on cardiovascular and
metabolic variables in patients with metabolic
syndrome, Eur. J.Appl.Physiol., 88: 506-514,
2003

5. FElpdEEwm
(WFFERER ., BFZE0 0 L O R 22512
X THR)

CMEsR ) (R 13 14)

(D Nishiwaki,M., R Kakami, K.Saito, H.Tamaki,
F.Ogita. The effects of exercise training under
mild hypoxic conditions on body composition
and circulating adiponectin in postmenopausal
women. Clin. Physol. Funct. Imaging, A,
in press

@ TamakiH., K.Yotani, F.Ogita, K.Sugawara,

H Kirimoto, H.Onishi, N .Kasuga, N.Yamamoto.

Effect of electrical stimulation-induced muscle
force and streptomycin treatment on muscle and
trabecular bone mass in early-stage disuse
musculoskeletal atrophy.
J Musculoskelet.Neuronal Interact., 7% 7t A ,
15(3):270-278, 2015.

@ Goto, K., T.Morishima, K Kurobe, Z.Huang,
F.Ogita. Augmented carbohydrate oxidation
under moderate hypobaric hypoxia equivalent
to simulated altitude of 2500 m. Tohoku
JExp.Med., ##H, 236(3):163-168, 2015

@ Kurobe K., Z.Huang, M.Nishiwaki,
M.Yamamoto, H.Kanehisa, F.Ogita. Effects of

resistance training under hypoxic conditions on
muscle hypertrophy and strength. Clin.Physol.
Funct.Imaging, #E#iH, 35(3):197-202, 2015.
® Ogita,F., New insight into exercising under
hypoxia to improve and prevent cardiovascular
and metabolic risk factors, Adv.Exerc.Sports
Physiol., #x @i, 21(1):25-26,2015

® TamakiH., K.Tomori, K.Yotani, F.Ogita,
K.Sugawara, H Kirimto, H.Onishi,
N.Yamamoto, N.Kasuga. Electrical stimulation
of denervated rat skeletal muscle retards
trabecular bone loss in early stages of disuse
musculoskeletal —atrophy. J.Musculoskelet.
Neuronal.Interact., 7 3t A , 14(2):220-228,
2014.

@ Ogita,F., M .Nishiwaki, K Kurobe, Z.Huang,
H.Tamaki, K.Yotani, K.Saito. Effects of
intermittent hypobaric hypoxic exercise for
four weeks on cardiovascular responses.
Adaptive Med., &t , 6(2): 124-130,2014.

Ogita,F. Effects of intermittent hypobaric
hypoxic exercise on cardiovascular adaptations.
J Phys Fitness Sports Med. , ZX#t &, 2(3):341-
345,2013.

(@ H.Tamaki, K.Yotani, F.Ogita, H.Takahashi,
H Kirimoto, H.Onishi, N.Yamamoto. Changes
over time in structural plasticity of trabecular
bone in rat tibiae immobilized by reversible
sciatic denervation. J.Musculoskelet.Neuronal.
Interact. , A A, 13(3):251-258, 2013

(FR%FK] (Gt 321F)

OIKHR, BATH m,@%ﬁk,ﬁﬁﬁz.
IREBRBE P2 2 B EE) F L —=
> 7 DR B SR FE 7030 L 8 FE 2 36 &
QBERA T 1 7 R A KIT . H70
[ A AR 2R, 201549 H 18 H ~
20, FoRRILIRESCE A (kLR -
FRK L)

@FKHK. (KBRFRBREL T CTOKPEB) D A Z
RY v 7y Ro—AOfERKFUEC
G2 2805, H70 B AR EFER K
2. 2015%F9H 18 H ~20H . Fnafk il R R L
b= (kL - Fodkili)

OH&EsLz, EATE, ZKEX, FI)150%,
NlASE, KAHY, FRAKRE. TEAH
7 v MZBUT DIEE B EBE O J) FRIFHE

ERREEEAITA OB R. HT0M8] A AR T E
FERE 201549 18H ~20H , FnakiL
LKE%It1E/\ﬁE (Fnag il B - FasgkiLif)

@IKHK, BARERE, WEiLZ. (KRR

FRERBL PSR L HES) b L—=
7®Wk%ﬁﬁ¥ i 28 e & Bk A 7
TR AT RAT TR, 2308 A TEB) A
AR RES, 201547 H25 A ~26 A, AR
FERE GROHS - X))

(® OgitaF., K.Yotani, N.Taguchi, H.Tamaki.
The relationship between changes in brachial-
ankle pulse wave velocity and blood pressure
after short-term hypobaric hypoxic training.



20th Annual Congress of European College of
Sport Science 201546 A24 H ~27H,
Malmoé (Sweden) 2015.

® Kurobe K., A Kousaka, F.Ogita, N.Matsumoto.
Comparison of carbohydrate metabolism
between land and aquatic exercise following
glucose ingestion. 62" Annual meeting of
American college of Sports Medicine, San
Diego (USA) 2015454 25H ~30H

@FKHK, HRHE, B8, ®E, P
%, PHEN, WLz, REEKRESE b
V== VISR DEIRAT 4 7 R ADTE
EFIE D2 & OBMR. He69lRl A ALK
NEFERE, 2014F97 190 ~21H, K
e K5 (Felf B = ey )

@B —E, WL, JKHEK, AR B
KD D AERFAMEE N 7L 2 — L
% DREIGEIT KIE TR, Feolal A A&
RNEFD R 201490 19F ~210 ., &
e K57 (B lf B = My )

OWAER, BARERE, &lsafl, BIHE,
&Lz, KK, ERERE FIZRIT 5
M OMEE) b L —=2 7 ORI XIE
EMNEET v FOA LAY VRIS
FAF 3528, BBeolnl A AR ESF AR
2. 20144F9H19A ~21 0, RIFKR¥ (B
ey Y% e M )

WHELz, BAHE, KEA, A, K
WEHH, IUARE, RARKK. &7 >
I~ DB SR T A B 2 7 7 U
WOZE. Heolnl H AR EFEZRE,
201449 19A ~21 0, KRR (Rl IR
Rl i)

@ Ogita,F. Endurance and specific swimming
training, and swimming suits. 2014
International Forum on Sports Science Industry,
20144F9H 121, AEH (BE)

@2KH K, BARERE, M55, B —1E, HiE,
VERREN, H&GL. IR ORI IKEE R
b L—= 0 7T K D iR L 2R b
& OREMR. 522 [EENV RS 2014 4R
7 H 19 A~20 A, JlikEEREART (i
H1 R A )

BHEL, BEAkE, KEKX, FAKK.
RIS &K 2 A 2 R BV BT
DN B \F 3588 & BRI i R TE AL
F ¥ R NOBE. FE220REE) AR
2. 2014E7TH19H ~20H . IR EE F e ik
R (I (L R A )

Ogita.F., A.Nagira, K.Yotani,K, N.Taguchi,
H.Tamaki. Effects of repetitive short-term
hypoxic training on metabolic risk factors. 19th
Annual Congress of European College of Sport
Science, 20144£7 H 2 H ~5 H, Amsterdam
(The Netherlands)

GIKHEK, BARTRE, YIRS, L RH, B
—iH, VRN, H&ILZ. REBREE T
B L EHIMEE) L — = 7 DRIKH)
pAE SRS g RE. P IRE . KRG
A DR, He8El A ARIKNESR RS,

20134E9H21~23 H . B ARZE R, Al
G — CGERETREX)

WS, BRRRE, d K, MLz, K
HK. [F—f#ENETRR D XERE FIC
BILHEBPERT v bOA A Y K
SV RIE . 68l A AR R

2. 20134E9H21~23 0, A RHH A,
Ffe a2 — CRAUH TUH IX)

OW&ELz, KR=2r, BAHRE, @SiEk
W, EIRAL, HAOL, KPS, 2KH K,
AR, A H BT, BRI 0O U
5 2 P 7 LS 9 70 0 IS BB R S AR R 1
FAET 5. Feslnl AR IK ) EF R RE,
20134F9 A 21~23 A, H AEE =, il
G — CGERETREX)

KM K. Bz /oKiEFH P L—=>7 -l
- AHEfERRIR O TS EE B LT
- AAREEFRE6AREINE, 2013458128
~30H, MMERTY b2 - < &oF%y
YRR (BRI RET)

OBE—E, W&, MR, IIAIER, 3KEK.
B I D Fr D AR 38 W N 208 B 1% AL
eI -7 MENER NNy I EIPNESN
201348 H28~30H, iKY b -
EDFp U/ A (IR FH)

H.Tamaki, K.Tomori, K.Yotani, F.Ogita,
H.Takahashi, H Kirimoto, H.Onishi,
N.Yamamoto, N.Kasuga. Electrical
stimulation of denervated rat skeletal muscle
slows trabecular bone loss in early stages of
disuse atrophy. Book of Abstracts, 2nd Joint
Meeting of the International Bone Mineral
Society and The Japanese Society for Bone and
Mineral Research, 201345 H28~6H 10, f#
FarXrvarktrZ— fMER—RhE
TART v (SRR

@ F.Ogita, KKurobe, Z.Huang, A.Nagira,
M Nishiwaki, K.Yotani, T.Tanaka, H.Tamaki.
Effects of exercise type performed under
hypobaric hypoxic conditions on blood
pressure and vascular adaptations. 18th Annual
Congress of European College of Sport Science,
2013426 426~29 H , Barcelona(Spain)

(XE) Gt o)

(PE 36 M PEAE )
OiRd G o)

LAY
FEHE
HERIFE
FHAH -
HEa
HFEEFEH A -
EPNS DR

ORI G o)
P2y



HUE
MR E
FH¥H :
Ha
IEFA B
E N DB

(£ Dfh)
TR Bt A

6. WFICREAR

(D) WFgefzs

M KX (0GITA Futoshi)

MERIEE KT « AR—VEMBIFR - %
MeEFK=:50224134

(2) W ge sy a4

wEE Fn A (SAITO Kazuto)

MERIEE KT « AR—VEMEFR - %
MoeEFK S :50170494

(3) M IEH
( )

EEE




