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Abstract

In a microgravity environment, the volume load on the left ventricle is reduced, which leads to myocardial atrophy,
cardiac hypofunction, and severely decreased VOZmaX. Under these circumstances, exercise such as cycling can be a useful
countermeasure. Prolonged exercise in space, however, has a substantial impact on resources in terms of time, calorie use,
water loss, and heat generation. Therefore, for long-term space missions, astronauts require low-volume, time-efficient
exercise. The purpose of this study was to develop an original cycling protocol that could control the increase in energy
expenditure and have a significant impact on VOZW through ground-based experiments. In a preliminary experiment, we
devised two candidate cycling protocols, i.e., sprint interval training (SIT) and high-intensity interval aerobic training
(HIAT). Subsequently, we conducted two experiments (experiment 1: comparing the exercise energy expenditures of SIT
and HIAT with that of moderate-intensity continuous aerobic training (CAT), used on the international space station as the
main cycling protocol; experiment 2: comparing the effects of SIT and HIAT on VO, and left ventricular mass with that
of the CAT. As a result, our study revealed that the impacts of HIAT on VOZW and cardiomyocyte exceeded the impacts
of the CAT despite the HIAT being performed with a far lower volume and in far less time than the CAT. We anticipate

that the study will help in proposing means of exercise training for astronauts as well as sedentary adults in public health.
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&) % Risk of Reduced Physical Performance Capabilities Due to Reduced Aerobic
Capacity
Short Title: Aerobic
Element: Human Health Countermeasures
Evidence: Report
RMAT: RMAT Report Not Available
Risk Master Logic Diagram: Diagram
Point of Contact: Steve Platts
Criticalities
Lunar Qutpost Acceptable
Near Earth Asteroid Acceptable
Mars Unacceptable
B Risk Statement .
Given the condition of reduced aerobic capacity as measured by VOZmaX, there is a possibility
of reduced physical performance.
/
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Program Total time
2 min (30 W, 60 rpm)
Sprint Interval Training 30 sec (120%\'/Ozmax, over 85 rpm) } Repeat 7 times 10 min
(SIT) 15 sec (rest) (norestat 7th)
3 min (30 W, 40 ~ 60 rpm)
2 min (30 W, 60 rpm)
3 min (85~90%VO2max, 70 ~ 80 rpm)
High_ intensity Interval 2 min (50%\./Ozmax, 60 rpm)
Aerobic Training 3 min (85~90%VO02max, 70 ~ 80 rpm) 18 min
(I_HAT) 2 min (50%\./Ozmax, 60 rpm)
3 min (80~85%\./Ozmax, 70 ~ 80 rpm)
3 min (30 W, 40 ~ 60 rpm)
Continuous Aerobic 2min (30 W, 60 rpm)
Training 40 min (60~ 65%VO2max, 60 rpm) 45 min

(CAT) 3 min (30 W, 40 ~ 60 rpm)
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0715 0745
i ! i {

Measurement
for RMR (15 min)s
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#h:24.0 £ 335% ; BML: 21.2 = 1.7 kg'm™) D Z- i,

YEB) ., BN 3 B 0 EE % M0 A AT E |2

LDME L, (BENEREL LK EEERE

HEL, 2N 5D S EE 25 L7z Y), HEE)
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X 3R L7ze #EHENTIE SAS 9.2 Windows it &
FAVTB I 2w, 3 EEMOTFIEMEO B3 58055
Mz 7z,

{RER : EPEE O3B 347 <, #EEjh & EB) 1% 3
[ o EE O 4 EHM#EIE. CAT > HIAT > SIT DJEIZ
KEWV,

BWREER (EB1)

JEBH O EE 13, CAT (349 *+ 49 kcal) . HIAT (161
* 20 keal)  SIT (77 = 8 kcal) DIATKRKE D -7 (K
4-@), EPEE X, #NF 13 = 13 keal, 21 * 16
kcal, 32 = 19 kcal TH 0, SIT iX CAT & ) HREIZ
K&D-o72 (M4 @), EPEE I EENHE AW IT
EREDoTb 00, EER & EB) R 3 B O EE
DA EHEIX. CAT > HIAT > SIT TH Y (M4-Q),
EPEE 2’42 EE 12 50 2 H A& I REC o7z (K
MRS N) . FEELICLD, JAXA 70 b
)V (SIT. HIAT) (&, HAEISS TEE LTEKIN
TWab 70 a3l (CAT) £ 0 b BB % 4554 L .
EEZ¥fHTEA 70 baVTHD I ENHEREIN
725

JAXA 7’0 k I )L & CAT @ EE D713 180 ~ 250
keal TH o720 T DFEIX, ISS DFH A 100 ~ 200 g
WCHS 92 (F: L MV RR—2 5 L —. 222 keal,
200g)o 1% MARS 500 70 =7 + (6 ADH:
B hsih _E o FEEEE% T 520 HREAEGT 5. AAK
BEFEALE L -EBERH IR 2h IO TRE
T 5L, EHIZ LD EE O#IE 270 ~ 540 kg O HfE
FERWEIHYTHZ L% S (100 ~200g X 6
&) x 75 8 X 6 %) BMEOHMIEH T
BETH D, EBROBER TR~ 2R % g L7z
R ESLE L 2 505, T OEBROERIL, F
HEAE R OB 7 0 b 2 )L OEIR DS % T A I
UL ERR LT WA, EE 1 O % 200
FEICHEE L2
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I <mmmmmee >/ e e >
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s c
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2 200 >
2 I S
0 w
100
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M4 ZAVFjHEEOmK (FE51)

33 FEE2:JAXA 7O R 3D VO, LHFE
EICRIFTHRICEHAT 5 ER

EEBTY A2 IRCTIZX A AEER (3 BELE)

EERFIE: SIT (14 %), HIAT (14 %), CAT (14 %)
D 3 FEZHT BN EEEED T RS M 42
% (4F#E 1265 £ 62 7% ; BMI: 21.3 £ 1.9 kg'm®) 7%,
BEHFINFNOTO N INIZEL ML —= 0 7%kl
S, 8 MBI % o720 MARITRIT, VO &0
Es (MR %% L7z, AN IX SAS 9.2
Windows iz FHWTB I o7z, [A—HNOZHIE
HEOFHEoOLE (M —= 2 ZaitkofElt
B) IS0 H 5 t BE %, 3 BEEOTFHEO
BAAI AT & FH W7o T CH BAEDTRD
b iL7z854 . post hoc test & L T Tukey-Kramer’s %
M L7z

1R E% : VO,,, DAL SIT. HIAT %5 CAT £ 1) 3
KE WV, LHEENOFEIL HIAT 25% b K&\,
BREER (KR 2)

S AHT DR (SIT, 264 + 6.5 7% ; HIAT, 27.2 * 6.4
J#% ; CAT, 259 * 6.0 %). BMI (SIT,21.3 = 1.2kg'm>;
HIAT, 21.4 * 1.9 kg'-m”; CAT, 21.2 * 2.4 kg'm?).
VO, (SIT, 43.9 % 6.7 ml'kg"'min"; HIAT, 41.9 + 5.6
ml'kg"'min"; CAT, 42.0 = 6.8 ml'’kg''min") . A E &

() The entire study period (A + B + C)
(3R 20 55 1H)

(SIT, 103 = 14 g; HIAT, 102 = 15 g; CAT, 110 * 17 g)
OFAEIZ 3 HR THEEEIIA LD N D o720 b
L— = Z7HIEh O REOZMEIL, SIT: 96.1 +
5.7%. HIAT: 97.6 * 43%. CAT: 959 + 73% T
D, 3BMICEERE IR (A TIAT VA
WBEBELEL, BEEZ L ro72). F720 38
EDH Py F7y bEEIPO T, 2424058 HM
DML =V TRZEFELZ. INLOMERIZ, 30
DO7a b I)NVETH, EEEES 2 AT LR
BV REOHFOEE L —= > 7L L CEFN
REChHDLI LA, Tz, MUNENREE TR L~
PETLAFHRITELOHFEOEH L —= 7k
LTHBHATE LR ART D TH 72,

M5 5FEER 2 OFLRKRTH L, MAICLDET
DEET VOy (EH ZITHINN L 72 (SIT, 17 %; HIAT,
23%; CAT, 10%) %%, HIAT O¥EHI=R1Z CAT DHEN
TLWHEEIZED» -7, F72. SIT & HIAT Tl
B EDA EIZHIN L 7245, CAT Tl A =23
TARED NG oT2. TS DOFEEZ EBAME
R L2 (R 2 kR & EATEE SRR ) o

COGEOMEERBININICBI o TWna T X4
ARZED Levine b OWIFE 77 )V — 7 @ 2001 4 D
JeP % W5 L MUNETIREE T O M & T
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0. P<0.01 10
NS
%k
0
o 8TV 122 50, o,
w0l »o +8.0%
* +6.5%
+10.0% % * 0 +2.5%
104 NS
o
SIT HIAT CAT SIT HIAT CAT
VOZmax 'L‘%E%

Es5 EHML—=y ZMAICES VO, & OHERDOELEOE (FE2)

(3t 21 2 551H)

F—#ENDO ML —= v FRifEOBMEILE (Paired Student’s t test) DFEHE & TG HTIC L 5 3 FEILIO#ERZ R L 72,

*: P <0.05 (Paired Student’s t test) . NS: not significant

T 572D1E E 7L 1 H 90 43 o b~ a5
OO 15%FEE) TOESH) (cycling) 2SHE
THHEDORBIRENTVS (2010 FEDHES D
W7e® TH COHEPTERASNTVE), LALTE
HRAT L O EEIFE R 1242 5 FES O EBEZ O D &
o b BEIREMOEMILEZRAATB D, 2012 FD
ffge 2 Cld, EEEEO ML — = AR E 6 [E],
1 H 30~ 455 0&EE) (rowing)” THER I LTw
% (cycling £ 1) & LIS KT TREBENPRKE VIR
Wasd B &) HHIZE D, 2 DOFEETIE rowing
PERHEENTVWS), ZOWFE"” Tk, s BE DNy

FLAMIE)EBZ B bWl (o2 ba—
VEE) TIE VOye A5 22%FRETF L. DT E 13 8%
WA LTWE, —F, EEEED VO, K TiX 2%
. OHEEICE L TE 8RO TH o720 &
MO & DFEERIZ L 5 &, HIAT BED VO, 1F 23%
EmML., OMERIEIRBWML Ny FLA ME
Bz X 2K T ol . EEERE T TOFERIC
LB OB RIS 5 2 L L@y Th
WS, A OFEBRTIR SNz HIAT O¥EEZR b L —
=V TR, BUNE B T O VO, KT &L
WEMEE FHT 488 7075 4L LT HIAT B
HThrILaifrsErb0THo 7,

EEE 2 THONE o720 ) —DOOEELHER
id, WA ISSTEELTBI b TS CAT
ICBT 55D TdH b, CAT EETIE, VO, DL
WZE—EDOHEPR SN2 DD, LHAD A 23
7 MWK EL h ol KIRE D5 E TAT

(anaerobic threshold) ML —= v FR_a=a~xR—
AN ==y 7  LTHILNS CAT E, K L
WZRIRDPH D Ho R DA NVF—2EET
EL ML= LCER SN TS, IEiE
REBE 7 & o BB IEE EE o) 1h)
gL LT, Effi® 74 PAA ML —F—2HEE
BEE 2R RE IO LB, ZIFETOTr— AT
CATHPHRAEINTVELESoTOLBEBETIE RV
L L, EMSEEE T oFERIT Lo - L —
— U7 LTid. CAT I3 EE & Bk SR EH A
BRAET D 2\ VO RUHIZKIET A 2282 b
BT LLKREL AV ERS, BB E N
7o bha)l” IESITF LN NG LIk, FH
WEHICHRIT LB ) #Ej L —= 7L LT
2. O MEIETRIED 720124 TORIT LA A
BRBZ ) N&EH) | LO [BIKRPL) 77— 3
YO—RELTEADEETBI b 2EE) | @
294 TG T TR AL ERD SH. TOESTE
AL, "THEBEPICRIKEBZ 2 ) REER)”
ELTid, CAT Idd# L Ty,

4, FHABREHARICE T I2EFMAREOES

(38 1]

EHO 7T N I )L D5EV)S EPOC % EPEE (2 1T
THELWF L 22N T TOMZETIZ, EB) DR
RFRIE AT EPOC *° EPEE 12 1 T3 522 512§
Lo, HEEd 70 raLvoEsE (EE) 1345
flie T 20M0MEFITH D, s DIATHIZET
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EPOC X° EPEE (Z (3 EBRF ] & 1) b B 5 B2 A58 <
WES LI EFHLPIZENT WD, RIFZETIE.
W HORE b, EisEA ¥ — NV L —=

7 OEBEEH & EE) P O EE & R N L —
=7 L) DI CRE LT, TOME. &
BREA v — NV b L—= vy (BICAT) b
R) OEBEATIRERRRN ML — = v 7o) E
DT 20%RETH o> Th, EPEE IIERIEA
F—NV ML=V I THEEICKREL DT LIUR
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