IEBEYE IS 2015; 17(2): 81-9.
Copyright © 2015 by the Japanese Association of Exercise Epidemiology

(% 5]
G e AR R

WE x|\

1) MSIATBUEN Jr 2 f i & Ot Jepr i Hep JE sl Ay R 52 7 v — 7
2) [ESCHFFEBRFEIEN T AEAIE B S Tl R SR AR AT JE

[(ZEH] KHBOENBARITTEHEE L OBZN Y OTTRELTCEXE-—ELAD LD, &I “HE
DIEN) % FET —<ITH|T 258070, UL, BEOERPEI A 2EERED 1> D15
b - ADEA” ORBEZB 2 212H7-0, FEMEAESERDBFZOBNY 2 HR#K T2 2 L ITEETH
Do GEHNEBEBRNEIRICHEELZ RIET L E2SP->T0TYH, BRICEE DI LVWIEEICE
ST, TOEKRITHEL, ZTO—FT, BRBERM ORI 2B Tl I3 &5 2 @& 423 25 N3z
TWo, EQOXI T Ta—FRAREEA D0, HBfAE s LTI TH L05, FHMRIT LM
FEU A7 IR IE, AETGEIERREEZD ) 2 TBEILRD, ZILRFERIT LA 2 H] > T
FCHEEIRFH A MR T 2 DIERED, IR TR E O DAEMEEGNT IO Th D, KK T RREESA
MEGNTIV AT L0, FHRITLIZRS 25 TIERY, FHERIT LGS L L TR LT
5 ‘WG CcoOEE)” &, BBPEORER ST HZ LITTE RS9, %< OF@ENEOEERH
il TG A RO I TENE, FRELT TR, EHoBAE»LL, BERHDHEY
WAL IR DAREERH D, [RL, TRICEL 2 & # BT, ROBRERRIZTREEEITRE
AN

Key words : ®E FRAMEIRT), BUNEDREE, S RRIEE), k5 T o f s R

1. [XC&HIZ MO ELE 2 -2 ERBHINLTEBY, 20
B1RICIE, BHEEICLD 589 &
EBHRFHOZ OXETEIHI D ES BEIhkiwmXnBfsnTng, £72, 1985 FE0
R3O 1 2IZ, 1953 4EIC Lancet (ZHB#iE e RRREEGSICIE, T BB S0 b A — > A4
Morris & DX ¥ NEF HND, ZOMIEIE  ~) CEINARFREIC X D85S BN EH S
MAERBIZEDHTEEREZ, vy RURAOERE 1CEBY, £2I2E, BREZORBIZHED HE
L EHEETHEEL, HEREBERSRBRIEICEE DOWERPLEE SURRIS, F@hE ok %
ERIETZEEHONCLEERETHL, 5T BiIE L, {EEEERE LIPS 7200 @AEERNE
Z[FIBED AR Z R THFZEH S IIBCEIC VN E 08 e BEARAKREIZRZLEZZ LR, OB CHIRIEE
WS, ZOSERRT & e DSl @A A A L DWFFERI G & 72D, “AR—VAEHE” O FEER
L7 gEm b AEEFNTWE, A E DK TR S BN ERFBH STV D,
ORELZWM > THTY, FEfE L EAORT L Zo ko, BBEICET DIEDBEFIEILY
DRERERLELENRSZ N LIZR S0 END, BEEL OBELRENDVOPTRELCEX
Bl 2 1E, 1950 S IZHEFI SN AHARKRAEZESZOE  BHDLIOEN, EEOENOMIEIZH 21T 5 &,
S ATRZ) O “BHOZ L0F GEBER)” 31 “GEE DK BT~ L LR EELT
%, EEREETHEREORENFRFER T2 WHEEMTLEWNZRVIRNER D, [EHF
¥Rl AIRmtEBEIL T, FET
25 A (1950~1960 4E4h0) 13597 @ A4 DR

HHESE AR, MSATEOE N7 B e RS

F 96 7 i HE B 76 LB B MR F S 2 v — 7, AT v L LI SRS S A DD,
T 214-8585 i 4% I W )11 iy 7 25 BE X K 6-21-1, 1960 ECLIRE, TN OIXBA SN ARRE LD,
matsuo@h.jniosh.go.jp Bl 1% 16 BT 20> B IR R NI “Or i E ok
PR H 220154 8 ) 14 H, Z%FRH :20154F 9 7 8 H TEFRMEEREO 1S THY, ZOHREOfI

81



EBFE AT TE

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

T 72 AE LB & ST Db LIV,
1985 £E (T A 25454 9 L= & 912, “WEDEAL,
e, A— b A= abick >, (F8§) 5
B AT T O EEARREA RSN TLE
7 RS STeDOTHAD, ZDLK DRI
DL, 1984 FDHRIA Y By 7 - NT Y By

703, BOEORFEMORMTH 72 L FIFFIZ,

KORERFEE LT, T —~ 3BV EDbS
1oL R-T1-55THh D,

ZTDX D RRENEZ DR DB ZEMTETIED
L0, BEOTRNENRZ D REERED 1 O,
oS-t - AREDT ORBEEEZDICHT-
0, FEREAE L EROIRFEOBRY 2 ERHT D 2
CITITEEND DO TIXRWES 90, mEER
BORWAMERICH D, shEE 2RI ED D En
FHOFEGIIHINT 572, @kE (201349 A
BB AR THoFaEEm it - A DD ofE]
HHEECTHD, ERELTUL, “FEicrrbb
7, TEAHLETEL, tRiIZ@HE-Ww E25
NiFD il pniZA5 L, EFEELTYH, “MhS
FELV AT LEMEFT D20 GRS OE%E R
T MEMEREELEA D, EHRE L CEERED
MELRT 2 ELCEHROKR S Z2ET EFEOIT T
WY A EIIFENEAER DA BNDLNE LI
W, Lo, @it - ARt T,
“B<, mRIcE< E~DHEN=— X3S
BETEITEETVZEITHD, TO LD, “97

»
—

85 OES)” (LD THER LIEMZEE1T 5 2 LI,

ENREOMNEEEZDLIZTEETHAI, 59
RAUE, GRS — RIS TR DR
FOMGE - HilT A2, IR T DD A
Tho, Vim0 R E Z R SR
JCTRBRT DR NBE S, ME OFTRR Z R
RTEWVWIEANDL L, RERFERTEHLWVWEA
2D,

rid, 2020 FITITHE, KR4V vy s -
RV Uy 7 BRSNS, ERGERITHD
LYY FHEENIGGICZIT AN o T2 2
LlZBmEnb Lo, SROLY By - R
ZV vy 77X, EoRE ettt RIoRd oo
HOTIEF L, ALEERFERZEDOSZROED F
EHFRICRETHIERAEVLEENT ) TH D,
OB FR T OAS %O FEEEZD 92 TH,
BIEl X R DB E XDV ERNHDLHTEA
9o AFRTIL, L RHAERSHZEET INIOSH)
DY T BE ORI T —~ L LWt =4

82

L2, FEAEN BB 245 %OEHRF
IZDNTEZTHI,

2. KRHEF
DEET “URKN” Vo Th, FOERITHM

TiEeW, AR E 1 BICHESTWD
e B ral (HABC=8K) 19 TiX, “HBik, %

BE, KM D 3 ONEESIDER|IZ/D” LEHIN
TW5, £, TERADKRS) GEFEFR) D TR

STV D FELA R FX T, 1%, £,
“HIRER” L FBMBERT ICoE S, fi
WTENES ATENES” & Bk 125y
s, BT, HEROEFEOITENES &P
Tx, =nER “TERE” & BT IS b,
WD DR TTHNE CEEL S D KD 7 BN,
i1, U=, FEAME, SR, WhSTE, T D
7R EOEINL, “HIRRER & LT OITENMET) O
BE” ICMEST BND, ZbiEFkax A HZ1TH
MREORGE L 257200 TR, — bR
WaE LTESRELTEY, “SF KT KBl
THHAICE N THHLAREEZH5 1237 Th
5o —J, BRHEETIEA L HZ A~ AT DDD
FRENEY B onb Z ENEL, Bt
IZBWTIE, EFEORBEZERED 1oL LTHE
FHOWMIRENRET O N TS, A O a7
DA L7zEk o1z, 262 “FBH” MEHO=E
BEARREREZED1O2LLTELALNEDTHN
X, OB DD DWIEE R A v H L~V A
B OFEBEMRIC BT T, ENEERDITHDDD
ML & Dz, BEmBEICERDHT Z SR L
Wz 5,
ZOXITEDITONTHLEIHL TEZT
BB &, B ORI XS ESE R MEDG R
TOUENDHDLZ R D, Lidnz, AT
IR O BEML 258 T D 728, TTENA T OBEEE
FTHERIORFHIRFEE L LT UL LIIHIET
b, BIRBIEICDRN DL RIFT 2
ERHLMNE RS TND “REEAMERS” O %
gl & LTHY B, EEEAMED & 1T
GER L HRIEE AR TE HHE)T ThY, %
DREW 2237 X —2 & U TR N RR R U
(maximal oxygen consumption; VOzmax) X° VOamax &
V) TR R E DSRS0 D T e v I 3R 4R B (V Ogpea)
DETFLND,


http://jaee.umin.jp/REE.html

EBFE AT TE

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

3. 2HFAMKAOREICAITT

3-1. FEfA & FHES

T A & U CIIRBR B & e by, T TF
AT £ OREFER R I b D FFRIC OV TA L
WAL=, ot ik, 55 mEERICA
CRTVEEEY 27 (B #7 —~ & LTH
J, 2DV A7 LIHBRIEVERRES & OBfR
EOHTL, UAZBERZ#T WMV AMEATH D,
ZOBERIZEWTE, FHRITLOREY X7
BWaEHKNE LB AL £, FEEEO—&R
ThsbH, LnL, F@EEEET—~ L LIoER
RO CEHARIT LT b A @S % B I
T ORI D 0, MRE (FHRITL) D T
DI L (AARTIX 10 41F E) MR S 7= B
(H AR TIXFHMZ o e B R AR S5 ) N RYIC
MREEDTNDL bR ENEOHBATH D, i
7, WUNEREICHETET 2 FHRIT L O HIKE
B3, IEZRE S F R, B0 BE T
B RIZAN 2 T DS D - T2 BUR A O B Rk
WERT-ME RS 25728, FHESETH LI
FERR DY AL ATE B IBIR IS 020 o DI ZE D i i
ST b WVb T WS, AIEEIERE2T —~
LI RICHEE L CWEE L RNFHESICHE
LDELSTEZOL, ZOBINTZ ENZ 50
T Thol,

3-2. FHIMAT L L EH)
INETOFHERSLy KL A MER (#Uh
R OBERER) T1E, HoRM A~ A o
WONENREIESFEICEY, B bD VOomax £ 20%
AT L5 9, ZOHERE LT, KK
WAL D 1 EHEEORD (ZofRE LTE
C 2.0 HEOWD) il 78 & RE O EF] 6
KERZETONTND O, k) KK TF %
TIT 270, EEFHEAT—Ya T <FHEH
AT X, 6 B, 1 B 2T S (MEHRE S
te) OFEBFEM A, “WFEE LT Ho Y ToHNT
W5, L, FHE CTOMR SR 2 AT H
THEDICYH, “GBEH OFEEBEEFIZITE DR
HHHESBT2V, ZTDTDICHIE, FHEBRETO “%)
R REE) b L —= 2 FIR” BB DR,
AL EOFHEE THED LN T WD, £7-, M
JNEE S B ST TRAT - ORI R IE TR 0 3R e
ELT, REROBETFOND W (FHTELD
READ OZERIZ OV TIE, BIE, EEEFEEHAT

83

—3a UCHIENED LN TVWD), B A X
RVU w7 v Fr—2A (metabolic syndrome; MS)
KRNI T EE T, 1 'y v ardizy
DEIIZ LD =R LF—HEEIIZWIEZONREN
LENDR, FHTE, EHCLHIZ LT —H
HBEHRKITIEERD A RESEL72 TR, B
ML A &2 LRSI ELZERBEINTY
Lo D, FHMITEOER Fr s T 88 L
TIE, EREETT, 2o, EEIEN D72V IFIENE
LTWdEEns,

3-3. B O BV EE) b L —=2 7k

Ede, HEFREEESER O TR - InRE B E T
LM ACROER) F L —= 7 LCIE, iR
JE Bt A7 e £ 1EEE) (moderate-intensity contin-
uous training; MICT) 28 i & &4, 7 AU — RQ
179 &9 le @B ERNT Y A 7 [BEEO LR B AK
WINTE 7, Lo Lo, EBEREESCHT
72 EDERINEMLE BRI BROHETYH, & (D)
REEA X — N VEBB AN T DL ENEL O
HRTRENTND, @OHREA o Z— L)
X2 05084 FICKMSND, AliEFER D &X
TV bR B THD, ABRFERIT, m (D) Al
(VOzpeak RFAFTE D 80%72 £) TOHSHM D H iR
HEXEHCT = VER A, K~FAmTO
BN A4 A CHIER Y KT b0 THhY, ATV v
N RIE, AfTE 70 & < EE (all-out REEfaf &
72E8) L1292 T, mEfsTo 15~30 o Bz
HOE KB A, IKEWI A2 A TR KT o
Thd, ZNbET—~& LI oM
WZREWY, E# 7 e ba b oERRDIENSEL L
72, —EOMIEE N D RKIEOK —NIRE S
ALz W), 4 513 AERFE R % HIT (high-intensity
interval training), A 7V > k% % SIT (sprint
interval training) &35 Z & #HRERL T D, T
NOHETYH, TOREBRHRITI LG FEAMER
JiomETHD, SITO—FEE LTIE “Tabata 7’12
b=u” 8 NEEERICESL TH D, 7 AU — KAl
FICHR SN0 7Fe hany, BEETIET X
U— MZR SRR OER B4 FIC L0 FEES
NTW5D, HIT < SIT O E2F] 0%, —EDE
ZREDR Lo, TEE)O PR & i T & 2 AU
HDHI-, FEMMTEOES 0 77 AL
TWAH, HITOZa hart LTI/ vy =2—D
WRIE 7 — T BHESET 2 4 x 4-min 7' |k 221 1719
DELTHY, RREHH L, LL, 4x4-min


http://jaee.umin.jp/REE.html

EBFE AT TE

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

HIT (%, 58D EW 2T T2 < FrERE i © i iy
W (ARG 16 4, KEHIbEH D & 2547)
72, IV BERWANITE > TENRY &5
Wwra hanrchsb, ST = —OFRTIE, 4%
4-min HIT OE#) & (=1L X —{HE &) [Tk
BETH 5 47-min MICT (B 3 H T—fRAYICHESE &
NTWDHI 150 431F ) LRI L ST d 1719,
Z OAE I TIEB) R OB AR 5 FEHRE LT
IO CHYURTIETH DN, 4x4-min 7o b=
U HIT Toh D 728 5 ey R O T ZEIRERE] 2 2
ELTHEKNICLR>TWD, ZHICHL, TD
HOFZETHW BN TWSD HIT 7 a2 b =L (10 x
1-min®, 5x 2-min®), 3 x 3-min® %) |%, E#E
CEIEEIF 2 DR T 5 2 LICEHEARE N, E
BE~OARE LD L HEE LTV 5D,
EEOIL, DROBRELEEBRFOAMLEDNT
VAL PET D PIREREIT 72D 2T, 3x3-
min HIT ZH#4E L T\ % 229, Zoo~7 v haio
RO, RMRAZFE T, EHI, HERICEDY
MDDHRTH D, EENVEEIZOCEOICHE I N
LN, KBEFZNFNOEEOER AN EILE &
DIEHL~LizEbETRb LN D20, KK
NE TIFAMEOHIHEIZZIZEF L R B2,
F72, 3x3-minHIT TiX, 3[EIHOEAMR AT —
COEBFEREN L 2EEOAT =Y LD 5%IFE
BL<REESND, TNITKD, FEEEOHEELL
Hi~OBHENRKE B SN D2, LAEIE 2
B HOEAR AT — VBT LR G fifi~
DOAMITI L 22wy, EEhIEEEE 23502, 3
x 3-min HIIT & 45-min MICT (Fr2Em i & iEdh &8
3x3-mMinHIT ® 2513 E) & % i3 5 HEAE 2 5E|
PP BR 2229 AT o 2455, HIT BEOEHE
IR T OIS MICT B2 BB D, Dl & IE
WS HIT BN RS WA A B, B
RODITASH T2 Y OFEBBELZ 5 812> 5 3 [EIZ K
DEETYH, HIT 12X 2 VOomax HEMEMN & H I
2%FEThHhoTmZ Lt ThDH, EFFAMEKES O
WEICHNT T, EEBEODZWVHIT THh->Th,
ZOMEEITE 3 BN ETHITH B RN E 2
b7z,

3-4. WUNEIBREL L SR R 15 @)

ER U772 X502, BUNENREISHES 2FH
AT EOH AR T, BEEINORETHKICZA
7 22 31T DS DN - T2 BARA D B AR L & UL 7=
MERHDEVWbhD, 2FV, MRS %2T

84

UL, BUNEBREITHE R THERR IO RERH]
MR E WO b Th D, BIEMITE LTIE, 3
B DOy RLUA FEBRND 30 4RI BE B
PEZAT ST MFIE D NEL TH D, ZOMETI,
MMy R A ML D EHFFAMKRT DK
T (26%) 2% 30 4E5y DIMERCAE S KT & RIFLE T
ol EMNIRENTE (ZOMLDOEFEE LTy
R LA Mg 40 AR REIFIZ b [FER OB AR A 29 %
1ToTW5B),
FHRITHIXZICTH S, TRIZHNDLT,
MO ZH]I > TETLo/MD & LIz EERRRH 2
P SICHER SN TWD DX, FHRITLIOER I
ENRZNNDL TRV, KHEZRTSERNZ &
N, ITLEoEEFREEZ, OWVWTIEHELDAMESTD
IZTHETHDHZ LN, FHEARICHEDD£L
DOEOEBEICERISB#HEINTVWEZDTHD,
IR T @RS Em A B NT Y AT Ll b DI,
FHRIT LR - 256 Tlidle v, 2 FFANER T
PRV E, @iLE 20, BERE D, AP e lo
PRIRFIEY A7 BNEED LT Y 27 300
mMED I EEBRTHRRE TV R, E,
RN R ESTIIRET Y X7 BNBRET 5 2
EERTHE YD b5, FHMRIT L E HERNE
B & OEWE, RIICHNENRREICIESES
NaH0, BEEMTTU - Y HERRIEE 2RI
HrEh, EWVWHIERTHD, EH ORI, 80
HIE L OBYETEE CFEF il 48.2 %, HENIEE
184, MEPH 85cm LA L) D VOspek ZHIE LT2, &
DI IE 28.7 ml/kg/min To v, 4R U
IZHRA ) 325 L 60~64 D KUETH 72, HIK
THE L~V ME S ARIEEEIRO U 27 267 5
E DA FE ARSI AS 2 4UE EARAKHE 72 FTREME A
HDHZEIZoOWT, SF VY, “H ER/NE R
B ~OXMENRMETHD Z EIZHONT, Fxld
kAR, KMREBTOILERSH DO TIERW
72590,

-
—

4. BGZERRIBEDHNRIC

4-1. TN R RS |20 B 7 Bl ) (X EE L 2
EEOESERNFERICHREEL KT Z
xRSO TNTY, BURUIZEZIZ DAL,
FRICIE LW BT & - T, FOFEBITEHE L,
W< B RIRIFRNICE E R B 27 LR 5T
b, RHCHEIFEL ThHDOMES), (KHICKH
MZEWNTOERL, EEN KRG ERATHNIR


http://jaee.umin.jp/REE.html

EBFE AT TE

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

b, ZLOFBMEFICE S TES TIHR,
ZDO—FT, WK O KE /7 & AL Tl 29 &
DBE LT ETOHNIEXTND, ZORIEE
ZBIWIEE D THITDWDTEA D hy,
FTHRTEICMEE LT ROLNTWD [T
LBCOER) (27 VYA X)) 2N EOSELRLE
TERET L LT, BREE TR THEIEL K
CDANEZNTHA D, “HEREE BIE T RN
2T HHD” LW DB ZIPRI|LS, Bk TOES
7 EARGEE LT AR AR B e D TR
S>TW5, LML, Fimid MEFERE | ITHY e
EEBEXTE, HEREDOA =2 —8GER Y
HLEDO—FITHA D, MHFERE &1L, BEENNE
(B ORFBEME~OIHEH D a2 FTlE2<
ANHER~OEE E D2, BELAENEOW S
ZRIFFHIC AT AV M T AWMV MADZ L TH
%3, rmEiml o N Db I, RER
RREW RO LR ERICH D, ER L%
HOHDOHFZEIZ L D E, 108 10~15 5FED HIT
%3 2~3 8] (1 BRIIC 30~60 43 FEfE) EETE N
X, 2FFAEENIIUET 5, HEOHEE L
FNEELS A=A, ZICREE OB L e
BEAH 2Nz 5niiE, %< OREE NEVE
W28 2T RS 2 “EEREOIS” 22 b
%, ‘N COER” N EE AN OREEZT ST
FTR<, EEOEREABMEIS EERDNE
<, RIS ZEIZER O ThOIIE, #14°
¥7ZT TR, EHOBEPGL, EEHDOIEWY
FLA & T2 DATHEMER & 5

4-2. I« A X R w7 vy Ra—hxiR

b 1 7 R RS M IR RS o D F K
WUEEIIEAR L L TEAKETH D, HEE O
i e MS & TPh - kBT HED AT, ZOXIR
ELTHHEETHD, Fxlx, EiL7Z HIT IZ
DD DIFFE TR TR R 2 N — A2, 8 D 3 x
3-min HIT {2 4 A ORI L (calorie restriction;
CR) A G bt A7 1 77 A (8-wk HIIT &
4-WwkCR) R L, % MS T4 T 5 58#&
2T D ER D 2{To7z, Bk L7=5EEBRT 3 x
3-min HUT [JEEIEEEH O 25 Fr AR T 00
BEREDO IR CTE 5 2 LRSI,
Z OMEBEIT D2 0 T2, BRI ICIZERR LI
W2 eEnFfasnsd, ZOFERD CTIX, 3x3-
min HIT 28 MS 524 & O (KL ED X H 7e iy
B2 NIFT 0%, £72, 3x3-min HIT (Z&EHIH D

85

CR #MAT-HEDHFILEDRENEZH 5T
THIENRHME Sz, EBRTIE, MS %45
BE 26 4 (T XTHME, FHFEE 474 5%) &, M
E#12 3 x 3-min HIT £ (1 A& 72 Y 180 keal, 1
VA 5 O EB R[] 54 43) & 45-min MICT #% (1 [51d
720 360 kcal, 1 [ DEB)FFRH] 135 43) 1201,
FhENICK L, 8l GE 38 OEEIAEAT
S>7-%, 4 BB D CR "M A%EfT->72, CR I AH,
BN IT3EEE & FEE 1T L 5 1[[160~90 43 D #
= G 1, GH4 ) ~OBNEBFHE~OLE
ZRDIe, CRAANOHFILTHEFRKTHY, 1 H
b7~ DHZ CR 1Z—400 keal 12& & L=, 72
FERFLTO LB TH 5, 1) HEIT AT HIT
BED VOopeak MW FE Lo 7=DIZxt L, CRITA
BO(BGES) N L— =2 IR 12 HIT B0
VOopeak I F I8 L v o 72 (HUT OEBH B/ 72 &
DAL mReEnH 5), 2) ME - MRk
EDOUEIC HIT FEE MICT BEO RIS AE B 21T 732
SO, CR IMAZEKZITERETIX, 2Fm
WCHNT BEO Y E N K E W EPINHE X 72 (TG B
He, M N EHEEE, RENHIIRSE IC XT3 HINT Oh4f
HHEN CRICIVFEBRINTEATREERSEZ Z LN
%), 3) BEOREICHMZIRE I ho T
LoD, HEAIZL D HbAle OHERSGEIT
MICT BED A TH BT GEE)E O 23S HEH
BB L RIF LIZAREERH D), 4) HITD 1
tyvalrblh O R FXF—EHE &L MICT O
YNTRE Th o720, EE AL X B IRE (IEIH)
WO EIE, HIT BEE MICT BECHEZIT R o712
1 EeyrvardblvoEHEIZZVOENRD
- Th, H3EOESE 8 R EE I D FE T,
REMDEICEIZECZZWAEERE 2 51 D),
MS 7% 4 H x4 & LIZRBEDOMIZETIX, 4 x 4-
MINHIT IC X 2ZEA MICT 12X 285 L0 k&
W EERLICHRE Y B dH 523, 3 x 3-min HIT
ZHAWTEEE S OWFIE % TiX, VOzpeak ~DZENE
ZFrE, HIT 25 MICT % _E[A] 5 #7135 5 e h
o7, LiTWz, 3 x 3-min HIT #I2JE L7- MS
HMUENEER L B mEEE 2 K TE, 28
FEAMER T (B D 10% UL E o) ik iR A
Bl & e S RIT, HIT o Fr 2 E 28
MICT K VBAFEICE -T2 BB THLEE
ThHb,

EHEOIE, ICLWHEE ORI T 7 a—
FIEZD D AMIEO—RE LT, Haxy
cNU—27 ZFHAL MS xR &7 —~ & L7


http://jaee.umin.jp/REE.html

EBFE AT TE

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

723630 ICH IV ATV S, BAREICIE, MSIC
FUT DI EE (B AN TIHRL, TOFE~
DA KD MS BIEHI I KAT T B2 /RET L
b0 ThD, ZOERTIE, EZOEFEHIRIEN
RETNZROBEHRESRE 20, Fiz,
FEOREL GEEE) NKETFEROKEE
BN KE L 2D EMBRO B, FEEI LIz
72T NN T D MS BGEIZH RN T d D ATREMEA R
SNz, —F, FRESHEICEL xR cha
BERMBEBERIIRD N o T2, RimTRIUW
KOBRELTHERITHBAZ VR, 178 (1K
1GE)) 2 L bl T ATV 7ehotz, EFIRNT
X%, WHOHZE 3 12 L0 RS2SR > R
T —7 (KA, Wbk, Kig/e ) 280 Ta#%
T HAREMD RSN, FREE R ST2N, Fx O
ZECIE, 7S T TRLBMED T O OITHER L
FRENTIEET D alEtEN R ST,

4-3. FEBAERIIBS CEHAT 50

R X 51T, S0 7 G o0 R ) A HH 2 ik
BWSEDZLICHEAEZBEWZES L OHFETIE,
R ARSI MS ICBEE 5 A Sl & ok
SHLZERIZBWNT, —EORREEEXTHZ N
T/, LL, TNOOMBIIEMH 282 8
BETHEONEHETHY, WhIFERETEHELN
ERETHL, B TEHATIOREA 9D,
1988 -0 Ji {8 2 e fd AR E I H D X B 4h S
Nimh—=F) e ~VATaE—var s TT
(THP) 1%, EZEWZRI A THY, B4
FEEOERIM ERNZEOERHD 1 oE I
D, EE~OHFEL &R, EEEEEOIERORE
Beirott, LL, NTRFERESDORRE
BIZEE, ZOIEEN LB WA LW, S ICE - T,
“GEE DK EEHLTHDLIEENRZNEIT
WX IRWIRITH D, BUTE, DRl - A D
D ORIEAZE RIS, THP ISR E O H 5 Tk
B PEOETFORE Y ELTWD, @
WEA SN TICEDIEE 2 IEMALTE 2008, i
MO 1OThd, —FH, WEBOERNEZEHL,
(RS COER) #EE L WD EEIE, £<13R
WIRNBELTFET D, L LEI Vo= ETIE,
i CoEE) ) 0 TE)ESh OBy 2 885 M 2358
HDTWDICHE 20O, ZhEE KT HH 0
TLHEZL 2, EVOELEREINA TS,
EBEINHIRIZEWZ S X0 TWT HITEIN
b7 Lo, xR RIS D D EE

86

D2 D AREW I N IS T, EER AR
I & B2 DFA DO XD RFFTRED, W B T
RN E L, SIROFEWEE ZRELZEZ
AT, B TENLPHREL WX 5 TiE, Z0ff
fEIXE L<Hbivd, 1950 F o [§E IR &
O T, “EARAYZR (R))) EUENE RIS
RO ONRT IR B 72 ik, Bz, “HAiZ
ELTR LR OERE BT L2l
A, BEOBEITER L L CoMEEZ b oL
WR RV LR LTS, BRICED, BFER
HERL, flIEZeFFEAEEKIZ O N TIEZED R
YEE (FRAEME) R ENDICE -T2 B, EBROMK
TS T, Bl R E & 51T 0,
WRLMENULETHD, HIRIEBHNDL72 /2o
TBRADB D hoEE 2 LT 52 LT, K
WCEWA =X LRN#H Z &1L, TR TH
WHERERBHCThN, HHEK, ARRZILOX
B bnd, EnaEEsLEERTEZ S - T
B L Cat, E#BORR LS TAHTSH, BK
EEZLNRTE CABESBIC TR (BAR)S”
L7z EdWnWzz20nont LitZey, Morris 512 73
JENIATENOD U A 7 Z 464 L T B EEIC 60 L4 E
DIRE LTV D, Fox 3R DR TR T &
7, FE L TOFEMERR DO TV 5,

5. BhHYIC

EFIL T LEO—BRE L TFHESIZL
DY, FEHRITEOEREICIIMA OE RN H
52 &, Filz, ZOREMRRAOEY K0 AETE
BEIR 72 EOMFRICIEE DA REERND D Z & %
FATE, L, FHRTEORESREE 25
WZh-h, ZALICHH L TREALER XD,
MNEDOWUNE N BE~DFEE LWEIE I Th 5,
MNE N BEREA~OIX < BYIHIBME TIX, AMEICS
FEXERBNED, BEESENIND, LL,
W LA, & O (WUNE BB ([TIFTE
T ARV ICBNTIE, VA7 3L T
& “HERRBUNE R TEXELAITED
Do FEPIZBRITH R ARTEB) AL S° MS D 32 8L
K& s, FRFESZECT I ENERE L IND,
Fxi3a%b ZoFELFERICB AT, BHikE
BzHBN%E LT bzy, LirL, £0
— 57T, TF7=61345 CTHE#l L TWD (Marlene
Zuk) 340 O TH AU, FEAIEE 2R DU AEH
WS L TWL JTREHEIC DWW T, D7l & bk

-
o0 =


http://jaee.umin.jp/REE.html

HEEYE AT

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

LT, BEamo—MEHZIIMA THRBWOTIEZR
W, LD R B — RIFESN 21T WV Al REME N
HHZEE, ZukiTfER L T\Wa,

MY = =7 HROEF L, KRR I)E
2O A CoONWTIEZE L TESEZ L
MENH, EHFENFEETEDZ0 20 FROHM
ETERTH, BOBRFHREOEFREBD LT D
FILL TV HEEFNEZ D, “JESH) (exercise)” 7>
5 “BKiEE) (physical activity) ” ~, £7-, “Hik
IS8 o “BEAC1TE) (sedentary behavior)” ~&
WOHOEBETHD, LML, ZoREE, EROE
NRHRIEENR IO S EE 7 EE, T —
< EINRBYED> TS LWV R bR, £
LT, ZiE, XVHEmBAREFR~EBITL T
%, Fxld, BUREEZbN72WEE, kax it b
S2Lb L LT —vEBITF WD EDORFGIE, R
REBIZIBMED7EA 9, EEL S “EHE O
NATED” 1235 B LaffgE 2D T\ 5, “ AN E
IZTEH” T AMRICT AT E ) BT &
M, BAEEERTZWD,

857 FE B 1k SR HEME ]SS 2014 4 6 HITAKAT
L7=, ZHUCHEYY, INIOSH PNIZ Tt 55 58 % FH A A
X — | BERE SN, BUE, NEHHEEOERE
g B & B 1ot SR BT 2 R 6 1Y 7 57 ) 22 ey AR A
78] L LT, MIENRED LN TWS, BAANDME
EHEEZL) ETHHEN, Ko< mED D
DH D, ZOWETIIWNL OO OFEN BT by
TWDHMN, ZD 1 DI 5@FE ORI 27—~ &
LR gdonTnd, TEL, TR )
ZEOTELHEOEBICHT T, KAORFOR
MOHIFE ST b, DrmEEil - A DR
e SIS TREBR T D A ENE, AR SCHEE
ELTHFRICHEHREZRET 22 RO TH
%o E RO HEEC T RGN E 3 558
THEEREREE 2T, TAEOKRARLIEDLF
EMEE, BN, FEERIRLEVEDOTH
Do

X @k
Morris JN, Heady JA, Raffle PA, Roberts CG,
Parks JW. Coronary heart-disease and physical
activity of work. Lancet. 1953; 265: 1111-20.
Morris JN, Heady JA, Raffle PA, Roberts CG,
Parks JW. Coronary heart-disease and physical
activity of work. Lancet. 1953; 265: 1053-7.
BOBER. BT 2 LE. IRJIRE. 1950; 1

1)

2)

3)

87

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

1-1.

AR =RR. S5 &880, R R, 1950; 1
12-8.

ARIE. GBS DO AR — Y A~
i, 1985; 51: 1-1.

THAB=RS. #8OFEFRHL. (KR, 1950;
1: 2-5.

FEERET. BARNDET). ARG,
WA, 1967.

HE K. B FAMEER T OWE.
W4T, 2000; 45: 679-94.

Levine BD, Lane LD, Watenpaugh DE, Gaffney
FA, Buckey JC, Blomgvist CG. Maximal exercise
performance after adaptation to microgravity. J
Appl Physiol. 1996; 81: 686-94.

Lee SM, Moore AD, Everett ME, Stenger MB,
Platts SH. Aerobic exercise deconditioning and
countermeasures during bed rest. Aviat Space
Environ Med. 2010; 81: 52-63.

Matsumoto A, Storch KJ, Stolfi A, Mohler SR,
Frey MA, Stein TP. Weight loss in humans in
space. Aviat Space Environ Med. 2011; 82: 615-
21.

Wisloff U, Ellingsen O, Kemi OJ. High-intensity
interval training to maximize cardiac benefits of
exercise training? Exerc Sport Sci Rev. 2009; 37:
139-46.

Gibala MJ, McGee SL. Metabolic adaptations to
short-term high-intensity interval training: a little
pain for a lot of gain? Exerc Sport Sci Rev. 2008;
36: 58-63.

Gibala MJ, Gillen JB, Percival ME. Physiologi-
cal and health-related adaptations to low-volume
interval training: influences of nutrition and sex.
Sports Med. 2014; 44 (Suppl 2): S127-37.
Weston KS, Wisloff U, Coombes JS. High-
intensity interval training in patients with
lifestyle-induced cardiometabolic disease: a sys-
tematic review and meta-analysis. Br J Sports
Med. 2014; 48: 1227-34.

Tabata I, Nishimura K, Kouzaki M, et al. Effects
of moderate-intensity endurance and high-
intensity intermittent training on anaerobic
capacity and VOZmax. Med Sci Sports Exerc.
1996; 28: 1327-30.

Tjonna AE, Lee SJ, Rognmo O, et al. Aerobic

(ENCEES


http://jaee.umin.jp/REE.html

HEEYE AT

2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

18)

19)

20)

21)

22)

23)

24)

25)

26)

interval training versus continuous moderate
exercise as a treatment for the metabolic
syndrome: a pilot study. Circulation. 2008; 118:
346-54.

Tjonna AE, Stolen TO, Bye A, et al. Aerobic
interval training reduces cardiovascular risk
factors more than a multitreatment approach in
overweight adolescents. Clin Sci. 2009; 116:
317-26.

Wisloff U, Stoylen A, Loennechen JP, et al.
Superior cardiovascular effect of aerobic interval
training versus moderate continuous training
in heart failure patients: a randomized study.
Circulation. 2007; 115: 3086-94.

Little JP, Gillen JB, Percival ME, et al. Low-
volume high-intensity interval training reduces
hyperglycemia and increases muscle mitochon-
drial capacity in patients with type 2 diabetes. J
Appl Physiol. 2011; 111: 1554-60.

Nybo L, Sundstrup E, Jakobsen MD, et al. High-
intensity training versus traditional exercise
interventions for promoting health. Med Sci
Sports Exerc. 2010; 42: 1951-8.

Matsuo T, Saotome K, Seino S, et al. Effects of a
low-volume aerobic-type interval exercise on
VOzmax and cardiac mass. Med Sci Sports Exerc.
2014; 46: 42-50.

Matsuo T, Ohkawara K, Seino S, et al. An
exercise protocol designed to control energy
expenditure for long-term space missions. Aviat
Space Environ Med. 2012; 83: 783-9.

Matsuo T, Saotome K, Seino S, et al. Low-
volume, high-intensity, aerobic interval exercise
for sedentary adults: V02max, cardiac mass, and
heart rate recovery. Eur J Appl Physiol. 2014;
114: 1963-72.

McGuire DK, Levine BD, Williamson JW, et al.
A 30-year follow-up of the Dallas Bedrest and
Training Study: I. Effect of age on the cardio-
vascular response to exercise. Circulation. 2001;
104: 1350-7.

McGavock JM, Hastings JL, Snell PG, et al. A
forty-year follow-up of the Dallas Bed Rest and
Training study: the effect of age on the cardio-
vascular response to exercise in men. J Gerontol
A Biol Sci Med Sci. 2009; 64: 293-9.

88

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

Blair SN, Goodyear NN, Gibbons LW, Cooper
KH. Physical fitness and incidence of hyper-
tension in healthy normotensive men and women.
JAMA. 1984; 252: 487-90.

Sawada SS, Lee IM, Muto T, Matuszaki K, Blair
SN. Cardiorespiratory fitness and the incidence
of type 2 diabetes: prospective study of Japanese
men. Diabetes Care. 2003; 26: 2918-22.

Sawada SS, Muto T, Tanaka H, et al. Cardio-
respiratory fitness and cancer mortality in
Japanese men: a prospective study. Med Sci
Sports Exerc. 2003; 35: 1546-50.

Myers J, Prakash M, Froelicher V, Do D,
Partington S, Atwood JE. Exercise capacity and
mortality among men referred for exercise
testing. N Engl J Med. 2002; 346: 793-801.
Barlow CE, Defina LF, Radford NB, et al.
Cardiorespiratory fitness and long-term survival
in “low-risk” adults. J Am Heart Assoc. 2012; 1:
€001354.

Zhang P, Sui X, Hand GA, Hebert JR, Blair SN.
Association of changes in fitness and body
composition with cancer mortality in men. Med
Sci Sports Exerc. 2014; 46: 1366-74.

EOREE. AR N OWEFBEAR )RR R K2
FEIELERB IOZEE LWL L. (K
AL, 2009; 58: 5-6.

] FHFRIS, HEPRGF-, HELE S, R BT,
SFROEL RER RSO DR
4 L fEFE. 2015; 16: 17-33.

Matsuo T, So R, Shimojo N, Tanaka K. Effect of
aerobic exercise training followed by a low-
calorie diet on metabolic syndrome risk factors in
men. Nutr Metab Cardiovasc Dis. 2015; 25:
832-8.

Matsuo T, Kim MK, Murotake Y, et al. Indirect
lifestyle intervention through wives improves
metabolic syndrome components in men. Int J
Obes. 2010; 34: 136-45.

WBFN, RALDE, KABFEH, HEPE
Rk, B % U7 [E 7o BTG EE T A
DEREEAZRY v 7 v Fa—A#kK
FITRIETRE 2 FROBHRA. KHE
. 2012; 61: 393-402.

Christakis NA, Fowler JH. The spread of obesity
in a large social network over 32 years. N Engl J


http://jaee.umin.jp/REE.html

HEENEAASE 2015; 17(2): 81-9.  http://jaee.umin.jp/REE.html

Med. 2007; 357: 370-9. 41) R OB, SRBOR, TEH ', HAROKT
39) Zuk M, EXETF G . A7 bHIE4 Tk 5ot & EE. KIIFF. 2014; 63:
LTW5Dh 2 SCEERK, B, 2015. 247-57.
40) Zuk M. Paleofantasy: what evolution really tells  42) £l —. (KHEZOANT D, (KIE.
us about sex, diet, and how we live. W.W. Norton 1990; 39: 93-8.

& Company, New York, 2013.

[Review Article]

Occupational Health and Physical Fitness Science

Tomoaki Matsuo'?

Abstract

History suggests that research in physical fitness and exercise physiology has developed in conjunction with
research in occupational health. However, in recent years, the issues of workers’ physical fitness are not treated
as a crucial aspect in occupational health studies. Currently in Japan, we face a serious national issue referred to
as our aging and declining population society. In this type of society where the relative number of workers is
declining, workers’ health should be one of the most important concerns for both employers and the
government. There is an increased need in Japan to maintain workers’ health and extend the years leading up to
retirement from the workforce; for this reason, research in physical fitness will again play a significant role in
occupational health issues.

Although people generally understand the importance of regular exercise, finding time for exercise during
non-work (leisure) hours is difficult in our time-pressed society. On the other hand, many workers spend large
parts of their waking hours in sedentary behavior. A new way to approach this problem may be through the
study of astronauts’ health issues. Although this is not a common topic in occupational health, this field may
provide clues to solving life-related disease issues because aspects of the microgravity environment can be
compared to a physically inactive society. Astronauts must schedule enough time for exercise despite their
extremely busy schedules because a decline in physical fithess can quickly become life threatening in their
environment. Although the effect may take longer to manifest in ordinary individuals in our society, many
epidemiological studies show that a decline in physical fitness is strongly related to increased morbidity and
mortality risks. Promoting health within the workplace, as demonstrated by astronauts, will be key to
maintaining workers’ optimal health during an increased number of working years.

Key words: cardiorespiratory fitness, microgravity environment, physical inactivity, workplace health
promotion
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