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Physical fitness variables related to bat swing speed
in female baseball players

Yuya Watanabe, Noriyuki Kida, Yoshihiro Kai, and Toru Morihara

SUMMARY

Previous studies reported significant positive correlations between physical variables such as lower-limb muscular
power and annual hitting records in baseball players. Thus, physical variable factors may contribute to batting perfor-
mance. This study examined the relationship between physical fitness or body composition and bat swing speed in
female baseball players.

Thirty-two Japanese female professional baseball players (21.9+3.2 years) participated in this study. Height, body
mass, lean body mass (upper-limb, trunk, lower-limb, and whole body), grip strength, back strength, knee extension
strength, hamstring extensibility, vertical jump height, reaction time, and bat swing speed were measured at pre-
season. Body mass index was calculated by dividing weight by height squared. Vertical jump index was calculated by
multiplying the vertical jump height by weight.

Lean body mass showed significant positive correlations with bat swing speed [upper-limb (r = 0.415), trunk (r =
0.390), lower-limb (r = 0.376), and whole body (r=0.408): P < 0.05]. Similarly, age (r=0.537 : P=0.002), knee
extension strength (r=0.415 : P=0.018), and vertical jump index (r=0.442 : P=0.013) were significantly correlat-
ed with bat swing speed. When partial correlation analysis was performed with age as control variable, these correla-
tions were found to become weaker and insignificant. Vertical jump index, however, showed the highest partial
correlation of 0.359 (P =0.052), which is close to critical value of significance but did not reach the significant level.

This study showed that skeletal muscle mass, lower-limb strength, lower-limb muscle power, and age were related
to bat swing speed in female baseball players. Age can be interpreted as a term of competitive and training experi-
ences, which has both positive (e.g., improvement of performance skill) and negative (e. g., increase in injury risk)
aspects for players. However, this study cannot clearly conclude a relationship between age and bat swing speed.
Improvement of body composition and physical function may positively affect batting performance and thus hitting
performance in women baseball players.

Key words: female athlete, competitive sports, lower-limb power, hitting performance.
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Table 1. Anthropometric and physical fitness parameters of female professional baseball players.

Variable Mean £ SD Range n

Age (yr) 21.9%32 17-31 32
Height (cm) 164.0 £ 5.6 149.0 - 177.0 32
Body mass (kg) 59.4+7.0 49.4 - 745 32
BMI (kg/m’) 220%19 18.3-25.0 32
Lean body mass (kg)

Upper-limb 45+0.6 3.6-57 32

Trunk 201 +1.8 17.0 — 234 32

Lower-limb 148+16 10.5-183 32

Whole body 39.4+3.8 31.2 —46.3 32
Fat persent (%) 208 +4.1 13.6 — 28.0 32
Hand grip strength

Dominant hand (kg) 334x41 24.0 —44.3 31

Non dominant hand (kg) 31.9+40 25.5—40.8 31
Back strength (kg) 105.3 = 16.5 77.5-136.5 31
Knee extension strength (kg) 61.7 £ 14.1 38.4-98.1 32
Straight leg raise (deg)

Pivot leg 63.9 £12.6 38.0 - 92.0 32

Stride leg 64.0 £11.8 45.0 -94.0 32
Vertical jump height (cm) 477+50 39.0 - 59.0 31
Vertical jump index (m-kg) 283+ 4.6 20.8 —39.2 31
Reaction time (s) 0.294 £ 0.035 0.230 — 0.400 32
Bat swing speed (m/s) 25326 18.9 - 29.9 32

BMI: body mass index.
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Table 2. Correlation coefficient with bat swing speed.

Variable r P

Age 0.537 0.002
Height 0.246 0.174
Body mass 0.312 0.082
BMI 0.216 0.235
Lean body mass

Upper-limb 0.415 0.018

Trunk 0.390 0.027

Lower-limb 0.376 0.034

Whole body 0.408 0.020
Fat persent —0.147 0.422
Hand grip strength

Dominant hand 0.326 0.074

Non dominant hand 0.174 0.348
Back strength 0.153 0.410
Knee extension strength 0.415 0.018
Straight leg raise

Pivot leg 0.145 0.430

Stride leg 0.040 0.828
Vertical jump height 0.337 0.064
Vertical jump index 0.442 0.013
Reaction time 0.103 0.576

BMI: body mass index.
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Table 3. Partial correlation coefficients with bat swing speed.

Variable r P

Height 0.246 0.191
Body mass 0.219 0.245
BMI 0.079 0.679
Lean body mass

Upper-limb 0.239 0.204

Trunk 0.236 0.209

Lower-limb 0.226 0.230

Whole body 0.246 0.190
Fat persent —0.008 0.968
Hand grip strength

Dominant hand 0.050 0.793

Non dominant hand 0.050 0.793
Back strength 0.110 0.563
Knee extension strength 0.297 0.111
Straight leg raise

Pivot leg —0.155 0.413

Stride leg —0.260 0.166
Vertical jJump height 0.268 0.152
Vertical jump index 0.359 0.052
Reaction time 0.159 0.402

Control variable: age. BMI: body mass index.
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Bo E72, EEMICBVWTIE, HRICHTLTE
AL EY %4 TREEHICE T, hE
WKCAMLAGLSTUurZ 98 miIohs, 2TOX
I RWFELAL VA DT 7 I —REEHMOREOEK
BRIV ZELDALIZZTFANORELT Y54 ¥
BHHE Y AT LOREIIOLBL2HDERDbR

5o —Ji, AR—PFFLEFNAL ZOMNEY £
YRT 7 ANV MO EBRIZA M) —I VT
HBHZDODODOYUHENLEE D720, HHIZ
FHEL v Mo EZBEL TEMEDA P LR
BT HENRDONG,
SROWMYMATIX, £ VAT 275 —=2HLE
25 Zoom & flio Tl CHEBIZIEL, SE
BHEITDHLVIZHEN O ¥ T4 ¥ THB) Z1T
VVAT ALy RETIV)o ZDHE)
BERWE I 2T LTI, A VA NS 27— HEE
FIOBTREINT I 2= — ¥ 3 VI& 5E8)HR
A, L, YouTube THME S B MW{RIZA ¥ A
NS 2% —DHE D, YouTube TOHIEIZZ B
BFNALA(AR—=PTF LY, Av—bF7 % 7,
7Ly MK, N—=vFrar¥a—%)Tu
BTHY, MoOERFL LD OERTHEIHZIC
ZMTAHZ LD TED, F72, Zoom 2o TH
BROESHEOLSZLLNETH L, fiir BE
FIEA VT4 VK B O 72 ] Rk
ERBTLHLEDTHY, 5HO with 3T F 005
after 20 FOIC BT B F - ESL Yo
Y& LTOREWIEHZ RS 5,

E | B

AWRIZBMA 2720728 S FITO L) E#HB L LY
9, ¥/, MRELE KA IE V2V EFBARS
DOFEBABIK, HBHE—K, SWHRK A84EEA H
Aryuvy 7ol sE, A Y2775 —0El
FEBIK, HNAER, EBE PR, —BAEFEA =4
3 OO 3 T- I, RVCommunications @ HI &2 K IC
Wz LE T, &b, AZEIE2021EER R —D)F
[Sportin Life i 70 ¥ = 7 b (& —4 v PEEWIW % 2
R— Y FENi A ORI KPR IOZFCHEL L TEM S
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(AR

IEfGRITFRTN & BRNIFRINDEREE T 7O w 45 > EFHH
SEEOTS ERTREICS DNROLE
—Frontiers in Aging Neuroscience [CEE N/

REESH DHEAREEIC KD R R—

LCOaAe ), BIGHEAIL  IEORE Y, EREE Y, SRR Y

SUMMARY

—BHEOFEEEINH B DFRITHREZO LS B EZREITDIET VANEINLTWVD, LH
L, &2, ZEAREM, MEEOSERND, ShaDERTHEEZO LS EDIHCFFRETA MU R
DOHHSEEFKLDD, BIEHNDEL, BE(IC, BUKEETEDEHDEOHFHFLL. LIEhoT, K
WMEDOI ZOF vo4Y > ZEE (low intensity aerobic dance exercise: LADE) ([CE{TH#EEND B T®
RN DDIEOIE, BEREDORITEEEO LICEUCEE THHUREMEND D, Flc, BBFRESDIEKI
EUT, BRERTEFEELD DD PETHRENDYRAKREVTREELD D FEEINTVDY, &
BE(ICHOITOMRIGAETH D, TITAMEClE, BRHE LADE (Intermitted LADE: I-LADE) D&
PDOROERITHEE (T T 2 —BMEzR %, @YK LADE (Continuous LADE: C-LADE) SHE T2
EEENE Ule, 1hR2DBRESHEZTRIC, 100-D -LADE & C-LADE ZRICDHEICER U,
EBEDE U S IFEEEEIDE LS RE (physical activity enjoyment scale: PACES) AW T L
fco BEHFODRKRE EBEFRORBEEEREEREEE TNZTN Feeling Scale & two-dimensional
mood scale ZRWCEHE Uiz, E1T#EEIS, EBERIR CANMNUV—TREZAHWVNWCGGHE L. TDRRER,
EEIPDIRRIE S EEIDHE U SIE, C-LADE &DOH I-LADE Tah'ofc, BEE, REE, ANL—7
FEENEERTE LADE #(C5FD, MEFHRHB CTEF LN dfce CNHDIBERNS, EEIELDT PR
THeBED M@ _EI& C-LADE & I-LADE TZEHIEWLAY, |-LADE (& C-LADE KO E UK IRBEICEEKR TEDH
BEMEN DD C EDTRERENIc, AMRIE, ElEDRE U ETHEEZ S0 5N EBFMEDREFEICRILD
EEZASND,

Key words: &, Tr7OEw ISV ES), &M@ 25—/, EEgORLE, B3, ANL—7F

o ) RHBRREDINT 2 PRI 2 Ak AR H % 2
' LA S hTw Y, bR E) (R o & )
NI TOWIET, B ARIGENREE) 2 e 12 728 B) DA R RARITMR, WO D%

il

1) AW N Wik M EF AT K226 Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Tokyo, Japan.

2) VAR R A R — 7 R Faculty of Health and Sport Sciences, Ryutsu Keizai University, Ibaraki, Japan.

3) WBERF¥AREFRE 22—~ - N4f - 875 —< 2 Sport Neuroscience Division, Advanced Research Initiative for Human High Performance
JFewiset ~ # — (ARIHHP) (ARIHHP), Faculty of Health and Sport Sciences, University of Tsukuba, Ibaraki, Japan.

4) SR N BREF AW FER LB A L= JE = Laboratory of Exercise Biochemistry and Neuroendocrinology, Faculty of Health and Sport

Sciences, University of Tsukuba, Ibaraki, Japan.
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Hyodo K, Suwabe K, Yamaguchi D, Soya H, Arao T. Comparison between the effects of continuous and intermittent light-intensity

aerobic dance exercise on mood and executive functions in older adults. Frontiers in Aging Neuroscience. 2021; 13: 723243.
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T, BB E wE ORI T T A
DR E DT LEAPEINTVE, Thb
DOWFEDL L&, T—=F 7 XEY, PHIHIH,
B3 A AU 72 5Tl & 3 L Bk O RBH 7 a2 A
TH 5 FATREED IS 2 EBORRICHEH S h
TEY, 7v=rr7RHREE) R & O R
OER, LY RF v AEBY, ZhS0ERHO
HABDEY e ERETHREEZ D DT LA S
MIEINTWD, LaL, HITOHFERIIAR
LG R, EEIIHTLEEFRN—T g U
RV 2S, PR OME) 2 H i, Mt 5
CEREELWY, 22T, EHhREERORS
ZALIE, B ERSFEATREBEN OB L v ) Bl
POREELBERTH D, ¥R S, EHICHEL
RS EACCEBTDOEY 7 4 7RG R EH D
WL L) DBROEECO %D S 0%, EHIC
£ B R EAL G EE R Ptk e &) SRR AR RE
b g %2 LA AHE IR TVWEDLS

Thbo, LIzhoT, HmBEIPFEICELIIfTR,

ST R FEATHRBE SR A 7 3 B) D gl 2 5 % W
LT HIEDPLETH D,

W OB B B kA, FATWRENE, %
LEE W) piTid, mE, MR, Ak CoEs)
FUPEELREETH S HEREIZOVTIE,

CEREE DEB T ERZ I E o TR ML AR LY,

REZET LR TV AICE 22 BITONT
W&, AKEREEOE B IREEOME) X D b B o
POl % A% 5 END D 59, EATHREEAND
WEBIZOWTIL, FlE OFETREBOYH I —8
PACGREEEB AR &9 M, FEEmORM
Bdbo TaxkOMETIE, 105 HOEREDY 1
70 Y ZEED, A MNV—THETHMI SN ST
ERANDETEEZEDL I EZW5MILTY
50, Dawe 5 ¥ Stones 591, 154 DK
BED B RES) (B 21X, BITREY LS50 D 5
LY LAY XNIZHEbERESED) A, HiE
DESERMGTENRA T+ —< VAN &L L E
HwELTwD, 72, REOETIHBREED
WWMAT, GARREBEN L —= v TR EDRE
TREICAHE R R Z D 25T LWL

o TWAHEE . —J  Kamijo 5713, —#ME®
KR EE O HisLEE) X, 75 v —ifEE VT
APl L 7 S O EATRRE DS B L e ol k
ZHELTW5,
BEOMFE LT, ¥y AIRIHHICHELAR
AR RARERR ISR L RIRD D 7280, &
WMEICHELTWREEZbNS, Fan 5913,
National Health and Nutrition Examination Surveys
(NHANES) ® 7 —# 2D &, 7 A Y 7 OFE
LZHORBOZHRGEB L LTOF v ANDBNF
Z, TA—F U ZICROTE2MTH D EHEGL
TWb, F72, ¥ RGN - BAERMARIK
EVZepH®, BHBRREE AR 2 ES)
D—fit LTHEHEhTWS?Y, Kimura 5213,
—BYE DRI (40% VO,¥—2) 7 a¥ v 2 &
> X # ) (low intensity aerobic dance exercise; LADE)
MEEE DR T — % ¥ 7 AT ) BEOEZ
DL EEHREL TS, HIZ, L DORIEOHN
e TlX, —MMED LADE 250 B IV B & Pl
AR LS, A MV —7HEOMH TR S 1
LEGHREZIN X2 L 2W 52 L2P,
BIZ, YATRT4v7Lb¥¥a—IlBnT,
Predovan 52Y1%, REHINZ% & ¥ 24 N FE#E O
RIBERE DU X 72 3R IS LD W TR D B
EHE LTV D, [ONOREIIOWTIE, Ch
¥ TOWET, ADE 7 5 A~NDOBNNL, Eh%
E0, BYXPWHIO2WPIEL L, —HIIZ
AAEUBEESEDL LW SN TVBEEE),
B & BB IZAT ) A, KREZRA TRIRI
(£ ¥ =NV B 7 EE) 2 BT )
B ITATI LI T D, [P RIMEREND
BRI EZG R EEGEETHLEEZ LN
%o LI 7 A TRFED) (1 I ojdfe L 72 8)) 13,
FEARDB L OCHEEOZTRETRIEICT I A D
MEED 25T EDIELME SR TV B2,
AR, BIRAEEGF YRR, S RbRRE 72
TR FHER A OSSR BRI b A
BMBENRDHHE LTHEHER TV L3, v
ORI, BXEZEBA, SERERO BT,
el %) F 72 BT O VEL & A LTl
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(TRHRR) EFHHSART S EROVEERRDERET 7O Y 79 Y LB EIHEDT D ERITHEEICS A DRDLE

e Ze BB L D HREL SRFETREBICHLTXY
RITATHREED T EEZH LML
LAaL, AiOWZEDIT & A LI RIR N 2 5
EHZHN72bDTHY, KAOHDBY, Hik
H DR FRABERE R 9 B [ R Y 73 fEC 5 BE S )
DR % RRIIE T s
INFTOIEF LV RACHETE, Trix, MK
) LADE (Intermitted LADE: I-LADE) & %5 # # 1
Lo TRETELIERTE, 250 LM
REDMERE - 1N RICHIRMTH D EMEL e 2D
W ZMGET 254 E LT, HEORSE%E
1IHEBEICH 3 % I-LADE @ — M PE ) 3t % i bi iy
LADE (Continuous LADE: C-LADE) & i L T ¥t

AT A EZHBE L,
F &
A. BhE

WIRDOMEDILETEMEZSEY, 157D ik
% (65~T4i%) HAEBIIBI L 720 ABFZEND SN
KX, OAMETHEIE, ORNPIEF T 72
BEIEENTwa 2 L, GORMERE, @i
FoOEE, GOMERKEDOBAEN 2V &,
O FRMBERE 2N IEH TH 5 Z & (Mini-Mental State
Examination [MMSE]score >28), (M#i9 DIRET
1 7% v Z & (Geriatric Depression Scale [GDS]score
< 7))l L7 ZMFIEER, HBHPREIRH - 72
(E2 HPLLosEE), #1: 7+ —F 27, Kik)o
ZMEREEZ K 1 ITRT,

AWFEZHV L, ZMEEE»OHFmIZL 51
Y74 —=LF-arver b EE, AR, 2
W EEN IR HIE ARG AR AT H S
DREZF72 OREF 5+ 28003)0

B. EBRFIE

ZMEIZENZFNHZ 22T T3 R 2
720 MIANCIE, EABWDOT ¥ — T, MMSE
L GDS DEMZEZMWT, B, AEihHiE,
A, DM RRBEMR L, TORK, FEAT
PRk % SEAli 9 207 2 b TH B A bV —TE
WCHENB 012, A MV—THREOHMEZ 2
fTo7e F72, EEHMAL L THW/zZT7HE Y

#£ 1. BNERE(=15)

BEMN=7) 2P (n=8)
Yy BRSPS R
AR D% ] 711 2.9 70 2.5
5 K em] 164 48 150 4.4
AR [kg] 60.3 5.6 47.8 6.6
BMI [kg/m?] 224 1.4 21.2 2.0
OB AR5 13 25 13 1.9
MMSE [ 1] 29.3 0.95 28.6 1.2
GDS[#5 5] 1.7 1.6 1.8 1.9

BMI: RF 4 < X3, MMSE: I =X ¥ %)V A 57— MRAE,
GDS: FinEH 9 DR EE

I VADTRT T L% 1 REHE L.

2 W H & 3 H®EFKIZ, C-LADE & I-
LADE 23547 & FEATHRRBIC RT3 — @R %,
AT VT =ING VA%l S TBRENTFA VI
IO 200 B 5, FEH5 HIN
(2 ~12HR) OMFEZ 22T TEBL 720 EBTIHE
ZR1LICRY, T, ZMERZA MV—TED
FLOHCE (20581T) D%, RBRATRER L 720 WKIZ,
TRICES R E (two dimensional mental state; TDMS)
ZHVCTRASZ5HEL72e ZD#, I-LADE 72
1% C-LADE % 10%5 [l 92 i U 7z 3 B i & 3 B) B
2,4,6,8,100%I1C, £SNBEH»S5HET
Feeling Scale (FS) A 2 7 & H #1938 Bh 3 & (RPE)
Z Bl & W o 720 L 1%E1E Polar H7 (Polar Electro
Oy, Kempele, Finland) % W CEBHICE= ¥ —
L7z B, SHIE TDMS & B RIEH 045
L & R (physical activity enjoyment scale: PACES) {2
W L7z ikt WEJHE T 5 08BICA M Vv— TR
BAE L7z, BEEMFOMR L, SMERTH
T UE NG YRR 5T,

C. EEfTA

AWSETITH) LADESAALE LT, [AE—x7
oy 2% LAN2), ZoEHIZFIC
3O0HM L LG oEH (1. hEkE0asb,
2. WAL, 3. KA MIT) THRKE S,
C-LADE X 3 2 0 #jfE % 4083 2 (HhH & T120
)& 5ty Mrw, #E)F ¥ RIZ90 bpm & L7z,
—7J7, I-;LADE i, 3208z 30B 3o (Hb
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HR

v TDMS \/FS, RPE v PACES

WYV VoV vy
- e e [PEAE Y 2 (ERE — 7 1 e e
C-LADE| 2 bhv— 7 |4 T 5 2l LA Z BV — 7
ey | R R AKEREE T 7 O e Jr——
I-LADE | A bwv—73E % 20 ¥ o 25 £ AN v— T
13 43 10 43 545 1343
—
. .
TLTYAAR VTN TNy s— JEay >
C-LADE (90 bpm, 40 75) (90 bpm, 40%5) (90 bpm, 40%) x5kl
I-LADE %l L IVTYAAN (TN TN Ty s= ) T N
(30%) imwmwmi(mmmmwimwmmm x5 b

1. FEEHFIH
C-LADE: #ifMKEL 7 a ¥y 7 &~ 2588, I-LADE: [H/K WK
MIELT Oy 7 5 v A5EH), HR: DA, TDMS: ZKILRSNIE
FS: PREIEREE, RPE: HEMEE) M, PACES: FMAIHH O L S

NS
1. k2 0HR% 2. BzER< 3. FAEMHIET
(FL7YALRR) (ZUT7UTyIx—) (VEZZ)
HWEE-F < 5 — —_—>
¢ Ramms FLERUAH
HBHEWE VR D
|UFDLSIC
<4 S BEEE
—_—
hrhrELET

M2, 2u—x7utv 7% 3508 %

T x 1ty FEL, 30BDIREAZIRAT
5%y Miv, EBF ¥ FI3120 bpm & L7zs &
BEOBY K LI, 220 LADE 7u2 5
ATHELL Lo MBI, VIV EHED
WhBF2—bMITNVEFFZRLZES, &
LADE @)% — AT L 729,

D. EFE
EEIMCRE O CTH 5 2 L 2HERT 5720,
Z BN B IR & BN RS 2 2l
P % (heart rate reserve: HRR) & RPE % Hl W C&F
liL720 BSMEZEBD HRR Z U TORXRTHEM L7,

HR during exercise-resting HR

HRR= predicted max HR - resting HR

*100(%)

FMRA HR 1Z, TR THB LY,

208 - 0.7 X age

FBI BB REICOWTIX, EHh 0P
RPE Z [ L 7z,

E. RACEEL LZH

B DS LK %5l 5 72912, PACES?® 0
HAGEMZ MM L7z, PACES X18HHH»H %D,

THETRIEEN S, BEEOR/IMEIZ184 T,
AEIZ12605TH B,

B OSMHE DK ZFHT 57201213, H
FHHOFS # v, Zhig, S 0Py
(B - AR) 2, -5 GERICE )25+ 5 GEF
RV I TOURETHIT 2D TH 5, i
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B FS 2a7 O FEEZ RN L, EBF oK
G SR ANE 2 % S L 726

B FLEOF R NS T 2720, e
EEEZOBINE ORSGOFHMNIE, R 25
R L7z B OK S O I TDMS® %
R L7z SEE, POl L SR 5
8ODLIIRE(L 14 %, EBXA)), HbhE,
4934558 %0(&ELBZV)255FEEICH
2)ETO6HETIHMEL, ZoxExE b LITHm
WRE, HME A L 72 (-20~2080) 6

F. E1TH##E

PC % JH\»7= color-word matching stroop i iE*47
EHCTETREZFM L7z, €= —122%1D
XrBIUOREPRRI NIz, BNHE, LEO
NPFERR oMl TRICE RIS L —
HTHNEIPZHEL, Tl wenw
AN TECENDOF—ZANELIBTTES
P EREICHT S L RO SN, BREI,
30Iu] D R L ERAT & 3018l DA —F AT DN A 4 DI
e TR S N7z, PV ERIT T, REICTXXXXT
V) LFFNAGR, Kk H, EOVWThhoOMT
FoREN, TR HH" (EFETIERed), “A
07 (PEFETIX Green), “H B (FEFETI
Blue), “&ZW5A” (EFETIZ Yellow) & 9 HiiEDs
B CHIRRSI Nz A—BERITTIE, RERICD
N, CREDT, BB, "EVATOHGEINA—
BBz “Hh"idkt) TERRE iz, H
FERIEOE T R THAGE CHER SN, HENTER
T LEHS TEICBT 20, EBIZTE X D350
IYPBRIFEREN, Tr banvid, [Gwlz
ERETHRITET VO ZIERE T 5RITOH
ZRCIC L7z T, RORTDYAL I VT
PFHlshinwE oIz, 9~12Bol, t¥~—
7 TR E Nz IR &R RS R % 38
L7zo EATRBEOIREL L LT, JAThFE51304
EFARICA PV —T7 T (A —B & o ikar
DB D7) 2 L 720

G. IREEEIR

HRR, RPE, PACES 227X, Mo dh bt
EZHWT2Oo0ME KM THIBEL 72, FS A

a7, TDMS A 27, A bIV—7T#HIEMICD
WX, B4 (C-LADE/I-LADE) & I [ (i
Wi/, F 72 3EE)ET/EE) ) O RO i
1B S 52 55 B 3T (ANOVA) %47 - 720 A B 72
REAEH DRSO O N7ty B T B ny
BOZBEZ tREXHH L KL, 72,
EHRMHTHEEDD ZERIIOVWTIX, €T
Y YHBIGHT R AT, WE O BRYE 2 BRE L7,
FTRTCOFFEMN IR /N— Y 3 ¥35.1(R Core
Team 2018) Z WV THEMi L 720 A EAKIEIZ P <
0.05& L7

S

A. EFRRE

C-LADE & I-LADE ® HRR(F-¥ + Bt )
X, FNEFN19.4+6.50&22.4+6.91% TH - 72,
C-LADE 3 X UF I-LADE W@ RPE 122 2h10.3
*£1.698 X 1M10.6£1.9% TH > 720 2 DD EE) SR
PE @ HRR (1(14)= 1.77, P = 0.10, d = 0.46) 3 L O°
RPE (t(14)=1.01, P = 0.31, d = 0.28) |2 A & 22 71
AHNLHho T,

B. [ EEERE

X 312, PACES, FS, TDMS ® 2 I 7 % /"3,
HEEIHT O FS 227K (5 5) OBMH 1540
F— %1%, FSAa 7 D> SBRANL 72,
PACES 22 71%, C-LADE# &V % I-LADE #£®
139 BHEFEICHE D - 72 (t(14)=3.10, P < 0.01, d =
0.80) (B3A).

FS A2 7IZB$ % ChLiE 53 ¢k, A
B HAEH(F(, 13) =6.24, P =0.023, np2 =
0.324) & KEfH o E&h % (F(1, 13) = 35.24, P < 0.01,
np2 = 0.732) SR SNz EHTur 5 L0+
BRI EETIE LA 72 (F(1,13) =0.21, P = 0.66,
np2 = 0.016), FS 2 27 M%ALiZ C-LADE £ ) 3
I-LADE TH EIZEA - 72 (1(13) = 2.31, P = 0.049,
d=0.80) (X3B),

TDMS {22 W T, PR EE O — JoBe i 5§ M
TiX, WHOEHRVIAETH - 72(F(L, 14) =
14.42, P < 0.01, np2 = 0.507) . H E =X HAEH (F
(1, 14) = 0.03, P = 0.86, np2 = 0.002) ¥ & O5E B4




{A1fR%2 BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.120

(A) (B)
P<0.01
—— C-LADE - I-LADE
O 2
g
ZEHAER P <0.05
IREH] O TR P < 0.01
SISO TXE P = 0.66
C-LADE I-LADE TEB T TR
(C) (D)
—— C-LADE - I-LADE —— C-LADE - I-LADE
I
?E)J SZHAER P =086 = ST P =07
Ei IREH] > T80 P < 0.01 Ein 5 IH] O F:4h 5 P < 0.01
GO LR P =079 HEE) GO LA P =056
JE BRI JET) % TED A TEB) %

B 3. KB B ORR
75 7133 L AR E RS (A) D PIZNIEDOD 5 t REDRERZRT. (B), (C),
(D) ® P HIZIEH & SEB 5 1F D 2 RO OREHRE R T o
C-LADE : #ikiKMEL 7 0¥ v 7 ¥ » W), I-LADE: HRWKEEL7T Oy 2 ¥
¥ A58B), PACES: BAKIGH M L S REE, FS: Py R g

#2. AP V— TR

C-LADE I-LADE
n=15 B JEE) % TEE A RS
T A {2 Ty LAt A T e 2 Ty B 2

EfERR %]

AT 99.3 1.9 99.8 0.9 99.3 1.4 99.1 15

AN—FGRAT 96.7 3.6 96.4 37 98.0 3.0 96.9 3.9
FORIRERIL X ) ]

Hhy AT 744.6 130.6 729.4 96.7 756.3 129.9 716.0 112.4

AN —FERT 928.9 219.4 891.8 202.8 927.4 231.2 870.9 177.4
C-LADE: #ifiKiET 7 a ¥y 7 ¥ » A8, I-LADE : MRIKHBEZ7 ¥y 7 ¥ A ig)
fFoFh% (F(1, 14) =0.08, P = 0.79, np2 = 0.005)
EARSNED o720 PLBEEII A, LR D R I
DEBEZTRREBASNT2H(F(L, 14) = 15.05, P = 200
<0.01, p2 = 0.518), A M A HAEM (F(1, 14) = 25w
0.15,P = 0.7, np2 = 0.011) 3 & VB 4 > 1A 4 3

w160
(F(1,14) =0.35, P = 0.56, np2 = 0.024) ¥4 b % %
o fCo :}S 140 ZLHAEH P=0.86
PR O 55 P <0.01
C. FEITHEE 1o PEROEE =09
o - B - . pre pOSt
#213, gi}; i fﬁ@tfmﬁﬁ % A—HEAT O IE 4. KEBGMEDA PV —T TR OZL

et L ORI I &g AT BRREICH 52 8 T L BRI & R P AN & P % B &
BHo—\BUR R 2L 72012, XA PNV —TTF# 5 2 BHSHGI ORERE RS,

35



36

(TRHRR) EFHHSART S EROVEERRDERET 7O Y 79 Y LB EIHEDT D ERITHEEICS A DRDLE

W OR —3GRAT L LR AT O BSOS 0 %) %
BT L7ze ZIOCBCE BT DR R, KR O TR
RIZAETDH Y (F(, 14) = 4.74,P =0.05 np2 =
0.253), A MV — 7T ¥lky 138 B i 12 BTl
HHRRTHBIE»-72(M4). LAL, FELGR
HAEM (F(1, 14) =0.03, P = 0.86, np2 = 0.002) X3
By 5tk o £z H(F(1, 14) = 0.47, P = 0.50, np2 =
0.033) IxA BN o 7z

D. HEAS

FEH LM TPACES BXU'FS 22T ICA B
FEHHD bNT=720, FS 2 2 7 EALD 7 (I-LADE
TP AFS - C-LADE T® AFS) & PACES 227 D
7 (I-LADE "T® PACES - C-LADE "T® PACES) ®
MR Z S 572D 7Y Y OMBMHT 21T -
720 MBZDOMICIIARELMHBITRD N h o7z
(r=0.097, P=074) ZO&RIZ, EHLUERO
FS & PACES D\ Z, #7422 ERAHE L Tw»
52 LERELTVYS,

A

AWFFETIX, E#EICH LT I-LADE &5 8
X OVEATRREICS 2 2 BB % C-LADE
L4 s EHMWE L7 I-LADE & C-
LADE &M LT, LB ESCPGREE, L
X, FEATRREICHT 2B O —BER R E W
ENE L7ze & DFUIANZET—HMERR S iz,
AW ORER, SMH X C-LADE £ ) b I-LADE
T EIHPICHAGHED, EBERL KL
TWwize LaL, B oREE, Puii, 9%
ITRREOZALITIE, EEIRMFIC K 2N EA LN
Lholze SNHORRDNL, HEHICBWT,
I-LADE (% C-LADE & 9 % L { #HHT& %73,
B ORDRFETRRE T 2 0 LR, E
BB TER LW EAVRIBEI N,

HEREEICOWTIE, ARER RV OD,
BRI S WRIRESBIZE SN, 2ol
LT, WHEHCET S HRR KR o HEPH P
THY, MEBHE O HRR OFMHED (3 %) 13,
AEFRBOS (R, IR 2 &)%) A5 BSOS 12 (3
LALHBORWNSETHILEEZOND,

Wiz, EHMOHRR 2, EHMOFS B &
O PACES ™7 (r = —0.12, r = —0.18) & I3MIBI A %
Motze TNHORHEND, FS & PACES OEH)
BICBU BE VL, BEEREOATIE R L, #EH)
MRXOBEVIZLL2BDOTHALZ LPRBEIND,
AWFZEIC BT 2B OZE L S ORI, FHIER
NZBO TR BB AR 2 BB X b %
Lw & i L7226 T & — L7z, &0
R, BREICBuTiE, KORETHRIX
BB 13 D AN 2 EE) K D b3 L vl REE
ZRBEL TS, MEIOREL 31, EBHOFER
VR & O BA N & B L TWw BT, L
25T, vty varyBE% <& I-LADE
X, 1ty ¥ya oAk C-LADE &L TiE
RIEE D, KBS EZEUZZTHENEDD 5.
I-LADE TFSANORPRMPKE W LIZOW T,
IR 0 72 B o B S B 2 W 72 64 ge & — 3% L 7
Vo IR IYEE & M B O SN DR D
WERE L2 A 7 58Tk, BRI R E S
D53 A i H R B B R D 50 & D AR,
TR BB B SEE h & DR TIZ RIS E D e v
EHE STV EY,, A% & AT DR £
EWIX, F27VE— FHEGZOMD™ICE T
BHPATE D, ZoMEmIZXUE, EHhoXsi,
HOR &R EORANIS T A—F &, R T
Y=Y AR EONZHBREL OMEEMIZE -
THIM SN D, BIZIE, TEBYGREE 2B R AL
BRMELL T CTh I, AT XA —F XA ICIE
DWBERE 25, LaL, EEREII LS OK
iz k% &, NEBREEIRSICAOEELS.
Z 5o DMT 2D &, gLl F s Tl
58 BE ASE B D S0 BT B E DD B
728, BEHRAR I RITTHEIL NS VIR
Y23H 5. —J5, AWFED I-LADE & C-LADE X
EHIERMED T O s 5 A Th L0, EEFRE
DE (BRI B 20) X% 52 5
WHEYED S %o I-LADE 1& C-LADE (21X, B
FOHCH R HMDICKE P EE2H 2, &
oS LV EIC L2 B EL LN,
I-LADE D&% 1& C-LADE X 0 P T




{A1fR%2 BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.120

oS, EEEHEO TODMS THlE L 72 Pl R

X2 ODEFSEM M TEE o7, T ORI,

I-LADE @ jE &) D EEAS C-LADE I[ZHARTH
WZ e, MEBRICHEREINR TR EZRL
TWbo ZOMEEORIFITEN BV E V)RR
(&, SEB)IREEASEE) T OSTREE SR 5 05,
EENEIIEE DR EAERT B &) BATigE L
—HF BB, ZofEREOFME LT, EHHo
T B BOB TR I X 2 SRR E D A
2, BEBIIIHRTL2IEREHRIA T
259, OFWEAREICE T2 L, EB
W, C-LADE I~ I-LADE TidVY X I ANV TE
LICEAZB XIS L K DB RWEREIZ L DR
BIEVRE > 2SI DH S, L L, #EBHET
BILEENC X 2 HANE LR T 5720, EEREIZ
IDERPE L olcbEZ N5, BEIHER
DFENDRITNTG R B BB E R ITHRT S
WREMED D %23, FATWFZE CldE B b oK1k
IR D HHRIEH IR T 2 2 L3S hTw
59, L7255 T, I-LADE HD% 55745 & b P
ThbdIlix, S5HOIHIGEHREE)OAE L
IMTEEREDLLEEZEZDOND,
DHPEBEICOWTIE, WTho LADE b
R Z LR SN, FEMTHEELREEIAD
Nhholz, BRI, OHW - BN EEE
LML TWAEY, AfETIR 20070y
T AW CHBREICHEBAED P o722 0D,
TEEY IR 2 R BOG S S M EE) I CH B R
ol zbNhb,
FATERBEICB LT, R M Vv— 7T
BRI L, COBMICAREEATRD NG
MPolze TNHOMRER, KEEoZ 7O Yy ”
v AGEE T, B RRE O (R Y A i
)2 & - CHBEIC X % FiE O EITHRIEDE

BITEWR LW EZRIBELTWS, ORI,

1R 14 7 S Bh 25 e 19 70 S Bh & L L C A b v —
TR R 7 5 A — Y 7 B FAT IR
TA =R VABWRELZE V) BT E —HL
"WV, TNHOWIZETIE, FMEORKNES) &
HRR B O SR E B & LR LT 22, ) UaEs)

5 EE O HPAP TRI R & Ji L2 ge ik e ve L7z
Ao T, W UEEREOHPANTHIUE, FIXB
TEE) & e ) O EATRERE~N ORI RITED S %
WITEEYED D B0 ABFZE & 1 E Bl Ak X R0 S B) ol
MR L05, ZORFIZ, TIREOHMREED) L
VIAY VA OW I 25EHE DA bV — T
RO % R REBE LS 500 72 AT 280 & 0 S48 &
Nb. HIZ, AT T, E47HRED
A GEEE RN 2 &) o L E B L Tw
LEMEEINiz, ThooZ s, KWIET
LADE I2& % A bV — 7 T ORI D %
Mo7eDiL, 2 D0EBHE CTHGEE L HEE D%
(CIZEN Do 72720 TR EVREEZ BN 5,
WBBIZ, Ao T7ul vy 7 ¥ v ZEEILER
BREEAMK A 720, FEATRRRE I3 3 2 BRI R AV
&7, KMHTERALN Lo 72 THENED D
%o DF D, AFFETIMNBRAN R VD, W
G O MEMEAER BN RIS X D B
T&hWv, L2L, TOHIIOWVWTE, LFD2
B SFERPANOHBRI otz EZ DN

5o OBMBIZHE HPICA Vv —7REICER

1WHE 2 B HOBE TR MV—T TR
o tze QEEMEOTATIROM R, “idk
PETIEA P V=T FRERAEL L v T &A%k
DBELRENRTWHIIS | LS Tyl y
75 v ABB ORI - ke 2 8 B 23FEAT R RE
AT TR Z X ) BRI T 5 7202, %
steEZEEEBIC, SFETLRETI
By 5 EDPUETH L,
AWZEIZIE, W OO REH L, 3, Wi
RO LB Y AL TIELHN M2 BT 2o
el Ens, RARFEEREOmN L, EBR)R
WCEBHDRETTIE RV EEELRD S, BT,
AREFFETIZY ¥ TNVE A7z, HHEHk
N, 2 OOEE S ORI R DEZ BRI T
ELPoWiMNELED S, D7D, 2O0EH
FMTHBREN R VWERIZOWTIE, WL
Wz 3o LI aR&Ths, £, 2
DWEOZIME ZTEBEEOD 2 HimAETH Y,
COREVEH A RO FEIAICHEH I N0 E D

37



38

(TRHRR) EFHHSART S EROVEERRDERET 7O Y 79 Y LB EIHEDT D ERITHEEICS A DRDLE

PEAITH 5, BT, FATRIEOFHMICIZ A
V=T HEDO R T N 2728, BHEIOFTkER
et e EEAREOMMOME A TR E v 7
¥ ARBORRDOE N L > TRE B HE L%
FEHNEIDEIARHTDH S,
AWFFEDOKEHA S, LADE % i ¥ 7213 KR
AFH Z R, EEEOEEI®ROLAS B & LT
FEEEN OB A LNV, BRI 2 EE)
R BB X D HAEL L, PR EERE TS
CEIRBENT, Lo T, MR ZEE A
Kig, KBEOEETH->TH, HEHEOLASR
FATHERE 2 LU, SRk % 6 5 W EETE S
Hbo AW, AARETHEEL HD LD,
% DEIEVPFEATE BB 7075 A0
VD EEZDND, EENOR)FZ HITH S H
29572012, BB EOEKEEZELL ) KE
GH Y TNH A RN KB E R ML ETH 5,

F # R
AT LT, BRT & P B I v

4= 97

TCOIFIA IS, WFZERTIISER, 7— 2R, 57— 5 i
Br, ARBEA ORI TR L 720 HGEHFAWEIE, BF
JERIWI %, JPREEmBE, T — RN, EROBIEICE
Bk U720 INETREEIRIE, 7 — Z 51 & AR O SET I EH K
L7z EREMIKIZTEY = 7 bOBEEIE L FEOB
IEWCHBR L 72e SREBF K 37— & 0 & B OBIEIZH
HR U720 $EH SRR EF B L o TRRB SN

= &
ARAFFE D — IR T A T8 BB 440 U 7E ([ « v 5
4 F 3 7 A 16H06401), FIE%E C&FWF%219K20138), #F
2 F A R AR A (OST) Bl B 4 OPMIMILOD 5 ), B L U

WRERF R 2=~ ¥ - N - T 4 —< ¥ 20k
g8t v ¥ — DI FEBIZEBIRIC & ) K S h 7z,

AU—I7aE vy sy A ORBICEIRSN2AAT
TaEy 7l AP THE L2 RERICIYE v
TRV R ICRH T 5. WIKIEIFZ T 17—
(www.editage.com) IZZ&ZE L 726

ZE XMW

1) Hillman CH, Erickson KI, Kramer AF. Be smart, exercise
your heart: exercise effects on brain and cognition. Nature
Reviews: Neuroscience. 2008; 9: 58-65.

2) Kramer AF, Hahn S, Cohen NJ, Banich MT, McAuley E,
Harrison CR, Chason J, Vakil E, Bardell L, Boileau RA,
Colcombe A. Ageing, fitness and neurocognitive function.
Nature. 1999; 400: 418-9.

3) Miyake A, Friedman NP, Emerson MJ, Witzki AH, How-
erter A, Wager TD. The unity and diversity of executive
functions and their contributions to complex “Frontal
Lobe” tasks: a latent variable analysis. Cognitive Psychology.
2000; 41: 49-100.

4) Chang YK, Chen FT, Kuan G, Wei GX, Chu CH, Yan J,
Chen AG, Hung TM. Effects of acute exercise duration on
the inhibition aspect of executive function in late middle-
aged adults. Frontiers in Aging Neuroscience. 2019; 11:
227.

5) Hyodo K, Dan |, Suwabe K, Kyutoku Y, Yamada Y, Akahori

M, Byun K, Kato M, Soya H. Acute moderate exercise

enhances compensatory brain activation in older adults.

Neurobiology of Aging. 2012; 33: 2621-32.

Johnson L, Addamo PK, Selva Raj I, Borkoles E,

Wyckelsma V, Cyarto E, Polman RC. An acute bout of

6

~

exercise improves the cognitive performance of older
adults. Journal of Aging and Physical Activity. 2016; 24:
591-8.

7) Kamijo K, Hayashi Y, Sakai T, Yahiro T, Tanaka K, Nishihira
Y. Acute effects of aerobic exercise on cognitive function
in older adults. The Journals of Gerontology. Series B,
Psychological Sciences and Social Sciences. 2009; 64:
356-63.

8) Nouchi R, Nouchi H, Kawashima R. A single 30 minutes
bout of combination physical exercises improved inhibi-
tion and vigor-mood in middle-aged and older females:
evidence from a randomized controlled trial. Frontiers in
Aging Neuroscience. 2020; 12: 179.

9) Schutzer KA, Graves BS. Barriers and motivations to
exercise in older adults. Preventive Medicine. 2004; 39:
1056-61.

10) Rhodes RE, Kates A. Can the affective response to
exercise predict future motives and physical activity
behavior? A systematic review of published evidence.
Annals of Behavioral Medicine. 2015; 49: 715-31.

11) Byun K, Hyodo K, Suwabe K, Ochi G, Sakairi Y, Kato M,
Dan |, Soya H. Positive effect of acute mild exercise on
executive function via arousal-related prefrontal activa-
tions: an fNIRS study. Neurolmage. 2014; 98: 336-45.




{A1fR%2 BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.120

12) Suwabe K, Hyodo K, Fukuie T, Ochi G, Inagaki K, Sakairi

13)

14)

15)

16

)

17)

18

)

19)

20)

21)

22)

23

=

Y, Soya H. Positive mood while exercising influences
beneficial effects of exercise with music on prefrontal
executive function: a functional NIRS study. Neuroscience.
2021; 454: 61-71.

Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and
displeasure people feel when they exercise at different
intensities: decennial update and progress towards a tripartite
rationale for exercise intensity prescription. Sports
Medicine (Auckland, N.Z.). 2011; 41: 641-71.

Dawe D, Moore-Orr R. Low-intensity, range-of-motion
exercise: invaluable nursing care for elderly patients. Journal
of Advanced Nursing. 1995; 21: 675-81.

Stones MJ, Dawe D. Acute exercise facilitates semantically
cued memory in nursing home residents. Journal of the
American Geriatrics Society. 1993; 41: 531-4.

Burin D, Kawashima R. Repeated exposure to illusory
sense of body ownership and agency over a moving virtual
body improves executive functioning and increases
prefrontal cortex activity in the elderly. Frontiers in
Human Neuroscience. 2021; 15: 674326.

Burin D, Liu Y, Yamaya N, Kawashima R. Virtual training
leads to physical, cognitive and neural benefits in healthy
adults. Neurolmage. 2020; 222: 117297.

Wu C, Yi Q, Zheng X, Cui S, Chen B, Lu L, Tang C.
Effects of mind-body exercises on cognitive function in
older adults: a meta-analysis. Journal of the American
Geriatrics Society. 2019; 67: 749-58.

Fan JX, Kowaleski-Jones L, Wen M. Walking or dancing:
patterns of physical activity by cross-sectional age among
U.S. women. Journal of Aging and Health. 2013; 25: 1182-
203.

Brown S, Martinez MJ, Parsons LM. The neural basis of
human dance. Cerebral Cortex. 2006; 16: 1157-67.
Hewston P, Kennedy CC, Borhan S, Merom D, Santaguida
P, loannidis G, Marr S, Santesso N, Thabane L, Bray S,
Papaioannou A. Effects of dance on cognitive function in
older adults: a systematic review and meta-analysis. Age
and Ageing. 2021; 50: 1084-92.

Kimura K, Hozumi N. Investigating the acute effect of an
aerobic dance exercise program on neuro-cognitive func-
tion in the elderly. Psychology of Sport and Exercise.
2012; 13: 623-9.

Hyodo K, Jindo T, Suwabe K, Soya H, Nagamatsu T.
Acute effects of light-intensity, slow-tempo aerobic dance
exercise on mood and executive function in older adults.
Bulletin of the Physical Fitness Research Institute. 2019;
117: 8-16.

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Predovan D, Julien A, Esmail A, Bherer L. Effects of
dancing on cognition in healthy older adults: a systematic
review. Journal of Cognitive Enhancement. 2019; 3: 161-
7.

Lane A, Hewston R, Redding E, Whyte GP. Mood changes
following modern-dance classes. Social Behavior and
Personality: An International Journal. 2003; 31: 453-60.
Maroulakis E, Zervas Y. Effects of aerobic exercise on
mood of adult women. Perceptual and Motor Skills. 1993;
76: 795-801.

Mclnman AD, Berger BG. Self-concept and mood changes
associated with aerobic dance. Australian Journal of
Psychology. 1993; 45: 134-40.

Pierce EF, Pate DW. Mood alterations in older adults
following acute exercise. Perceptual and Motor Skills.
1994; 79: 191-4.

Hogan CL, Mata J, Carstensen LL. Exercise holds immediate
benefits for affect and cognition in younger and older
adults. Psychology and Aging. 2013; 28: 587-94.
Yanagisawa H, Dan I, Tsuzuki D, Kato M, Okamoto M,
Kyutoku Y, Soya H. Acute moderate exercise elicits
increased dorsolateral prefrontal activation and improves
cognitive performance with Stroop test. Neurolmage.
2010; 50: 1702-10.

Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physio-
logical adaptations to low-volume, high-intensity interval
training in health and disease. The Journal of Physiology.
2012; 590: 1077-84.

Tjenna AE, Leinan IM, Bartnes AT, Jenssen BM, Gibala
MJ, Winett RA, Wislgff U. Low- and high-volume of
intensive endurance training significantly improves maximal
oxygen uptake after 10-weeks of training in healthy men.
PloS One. 2013; 8: e65382.

Ai JY, Chen FT, Hsieh SS, Kao SC, Chen AG, Hung TM,
Chang YK. The effect of acute high-intensity interval
training on executive function: a systematic review. Inter-
national Journal of Environmental Research and Public
Health. 2021; 18: 3593.

Bartlett JD, Close GL, MacLaren DPM, Gregson W, Drust
B, Morton JP. High-intensity interval running is perceived
to be more enjoyable than moderate-intensity continuous
exercise: implications for exercise adherence. Journal of
Sports Sciences. 2011; 29: 547-53.

Kujach S, Byun K, Hyodo K, Suwabe K, Fukuie T,
Laskowski R, Dan I, Soya H. A transferable high-intensity
intermittent exercise improves executive performance in
association with dorsolateral prefrontal activation in young
adults. Neurolmage. 2018; 169: 117-25.

39



40

(TRHRR) EFHHSART S EROVEERRDERET 7O Y 79 Y LB EIHEDT D ERITHEEICS A DRDLE

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

Tsukamoto H, Suga T, Takenaka S, Tanaka D, Takeuchi T,
Hamaoka T, Isaka T, Hashimoto T. Greater impact of acute
high-intensity interval exercise on post-exercise executive
function compared to moderate-intensity continuous exercise.
Physiology and Behavior. 2016; 155: 224-30.

Hoekstra SP, Bishop NC, Leicht CA. Can intervals
enhance the inflammatory response and enjoyment in
upper-body exercise? European Journal of Applied Physiology.
2017; 117: 1155-63.

Kao SC, Westfall DR, Soneson J, Gurd B, Hillman CH.
Comparison of the acute effects of high-intensity interval
training and continuous aerobic walking on inhibitory
control. Psychophysiology. 2017; 54: 1335-45.

Lambrick D, Stoner L, Grigg R, Faulkner J. Effects of
continuous and intermittent exercise on executive function
in children aged 8-10 years. Psychophysiology. 2016; 53:
1335-42.

Witek MA, Clarke EF, Wallentin M, Kringelbach ML,
Vuust P. Syncopation, body-movement and pleasure in
groove music. PloS One. 2014; 9: e94446.

Tanaka H, Monahan KD, Seals DR. Age-predicted maximal
heart rate revisited. Journal of the American College of
Cardiology. 2001; 37: 153-6.

Kendzierski D, DeCarlo KJ. Physical activity enjoyment
scale: two validation studies. Journal of Sport & Exercise
Psychology. 1991; 13: 50-64.

Marcus B, Forsyth L. Motivating people to be physically
active. Human Kinetics, Champaign, 2006.

Hardy CJ, Rejeski WJ. Not what, but how one feels: the
measurement of affect during exercise. Journal of Sport
and Exercise Psychology. 1989; 11: 304-17.

Sakairi Y, Nakatsuka K, Shimizu T. Development of the
Two-Dimensional Mood Scale for self-monitoring and
self-regulation of momentary mood states. Japanese
Psychological Research. 2013; 55: 338-49.

Hyodo K, Dan I, Kyutoku Y, Suwabe K, Byun K, Ochi G,
Kato M, Soya H. The association between aerobic fitness
and cognitive function in older men mediated by frontal
lateralization. Neurolmage. 2016; 125: 291-300.

47)

48)

49)

50)

51)

52)

53)

54)

55)

Zysset S, Miller K, Lohmann G, von Cramon DY. Color-
word matching stroop task: separating interference and
response conflict. Neurolmage. 2001; 13: 29-36.

Ochi G, Yamada Y, Hyodo K, Suwabe K, Fukuie T, Byun
K, Dan I, Soya H. Neural basis for reduced executive
performance with hypoxic exercise. Neurolmage. 2018;
171: 75-83.

Sanada K, Kuchiki T, Miyachi M, McGrath K, Higuchi M,
Ebashi H. Effects of age on ventilatory threshold and peak
oxygen uptake normalised for regional skeletal muscle
mass in Japanese men and women aged 20-80 years.
European Journal of Applied Physiology. 2007; 99: 475-
83.

Ekkekakis P, Hall EE, Petruzzello SJ. Practical markers of
the transition from aerobic to anaerobic metabolism during
exercise: rationale and a case for affect-based exercise
prescription. Preventive Medicine. 2004; 38: 149-59.
Martinez N, Kilpatrick MW, Salomon K, Jung ME, Little
JP. Affective and enjoyment responses to high-intensity
interval training in overweight-to-obese and insufficiently
active adults. Journal of Sport & Exercise Psychology.
2015; 37: 138-49.

Kilpatrick MW, Greeley SJ, Collins LH. The impact of
continuous and interval cycle exercise on affect and enjoy-
ment. Research Quarterly for Exercise and Sport. 2015;
86: 244-51.

Niven A, Laird Y, Saunders DH, Phillips SM. A systematic
review and meta-analysis of affective responses to acute
high intensity interval exercise compared with continuous
moderate- and high-intensity exercise. Health Psychology
Review. 2021; 15: 540-73.

Ekkekakis P. Pleasure and displeasure from the body:
perspectives from exercise. Cognition and Emotion. 2003;
17: 213-39.

Kilpatrick M, Kraemer R, Bartholomew J, Acevedo E,
Jarreau D. Affective responses to exercise are dependent
on intensity rather than total work. Medicine and Science
in Sports and Exercise. 2007; 39: 1417-22.




{#735%% BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE
No.120 pp.41~54 Apr., 2022

- e
ILEREETEHEICED < BEAATHO LU SETE &
JE77 )L —)VIERERRRHRR & DERITEEFR

—Alimentary Pharmacology and Therapeutics [C
BESNCREBRYDEAREICKD TR EMR—

A Y, AChEos?, WG, sipkkEE Y, Al B]Y, SRR #Y

SUMMARY
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BRAT A VEENTCHREET ©. Ffc, 2ARREICHBITDERITEIDHIKFREFRZHER T —F 84T (CoDA) [C
KOIRELET D,

73k 20174 5 Bh 50204 2 BICERRHEFMEREZ T Y —CElRREMmZ=T, 7L I—-ILEE
BURICEZE LAV ZNRE Ul FEAITE), KREESE), PEREaE(d 3 #ilhRES 2R TEE
Uiz, BERRAFOHEICIFBERIGEZ A,

BR OIVRXT 4 v IEBDIICBNT, hEREEEE, NAFLD & 0EEEZs3s (600 MET- 2
FBHZD® OR = 0.85, 95%CI = 0.76-0.96), &/, 3XRATSA VEMICHWT, HEEEsHH
1800 MET- 3/BICZE T $E T NAFLD (ST DA v ABKBICIETUL, ZDERODA v XDE NEEE®LH
(LD EDDD ofc. FEITENE, BMIKBEETILCTIE NAFLD EBERICEELUCD, BMI FAE%E
EFIVCIFBEEEZRDEN Dfco CoDA [CKLD isotemporal substitution Tl&, 1 HDEEAITT
7005 U, PEaEEE c TR Claiza,. NAFLD (ST 27w Ah22%IE ™ L (OR = 0.78, 95%CI
= 0.65-0.93), W(CHhE@EEEI0D ZEATEICTT CIeBE, NAFLD (CXT $4 v XH69%IEINT 2
CERDD o (0R =1.69, 95%CI = 1.12-2.38)

& - NAFLD [CH U CHEsREEFNaDERNERZRUCIENS, FEREFASDEEN
NAFLD DOFRAICEBITDFRELED CENRES N,

Key words: &8, FE{TEIRFRD, FE7)LO—)UI4RERRRT, #BRT—~ &M, isotemporal substitution
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" R

7 v a — VR I B (non-alcoholic fatty
liver disease; NAFLD) i, MREBOEEZR ALT
HY, RAITIZIFEEZE R M 25 A LT3
Y, F72 ZRITIA, ORI fEBRK
TRy HRVBLILETHALATVS, KEOD
NAFLD ZPB§§ % H &€ 7 )V Tld, NAFLD 2°Z
DFFUEL T o288, NAFLD ITER L 72
HEFRERLE TR T 2 2 &2 MmE ST
%Y, A, HRIZB T 5 NAFLD O A K i
24%\25% L?, NAFLD O F B i3 5 3 5d o 24 5%
e LOBEE 2> TwWb,

Je AT D P TIX, Global Physical Activity
Questionnaire (GPAQ)® % International Physical Activity
Questionnaire (IPAQ) ®7 7 & 0 Ly ik B 2 1 22 % JH
W, BARIEE) X NAFLD (30 L3l i e B3 %
CEEWMELTVWS, TRODRFEICEY, B
1N E 2 NAFLD OIREN - TH 5 Z L 3 lifE s h
B, BB & i L TR UMD TH HE
M CHMRIGE G SN TV 5 L v ) MR
B otzo WIT, FEZSEIEHEMEZ, 100
VL bRk 3% (237 ) g i B 8 (3.0 METs LA
FICHIY T % BAKIEE)) L2l s % S L AT &
LOWHICODBAEZHET 5, A, KBTS (2.9
METs LA T ISHIY 3 2 B ARG E)) 59 o ise iy 7 Gk
2N ) W R BTG B & 2 T AR 2o b R NS
B ORBERRAREINTVBOW,, NEEE T
fili & 72 ARG B & NAFLD @ B3 2 g 38 L 7 b
RIIFAEND OO | B ARIGH) 05 RIS

BSOS BIFR 2 BET L2278 272 5 e ve IS,

B2 W72 AT RSB W T, o7
P4 XAVNE WY, NAFLD 253 19 12 5Tl
ENTVBETHAYD 72, ChHDRRAZ
WIRL72X D EOE VAR Z35 720121, KH
Bt o TN A ARG, MR X %0
BEW O B ARG By 0 BRIl &, Wi{RZ B2 IED <
NAFLD Ol # 1Ty, ThH5DF—# 12T n
TRIUCEBRERGT A EPRETH 5,

F 72, EAE, o TWARM® X 9 %478 (M

MATEY) 258 £ S REEMEO LKL LT
ST 399, JHEAfTE) & NAFLD & O
I 28RO NTEB Y, ZIMZEEHIC X
% PERLATE) & Tl 72 BATIEZRIC BT, ARG E)
LA U CRENLATEYAS NAFLD & 1E o B % 7R
FTIEBHE SR TVEY, R TI,
B AT 2 FeD < HEAZATE) & NAFLD & o B i
P2 MELTVDEP, MEEETH Y, B
ISEIR 2 BEET 5123 E - TV v,

BICHEMNLBLUE S, BRI EAATE) &
NAFLD Z & & fEiE T 7 b 2 o B 2 a3
BHBICIE, 1 HOTEICE R T 25 IELE T
HEMEEEZETHUENDH L, T4bb, 1H
TR RE R BERIZ 2405 TH 5 7250, FARGE)
WCREI 2 B L3y, Mo A7 8) (AL AT B < i
Rz &) B TR E LB EZTHI L
Zhbe COXTHOREMNIKIAYEEZ EET 5
FHE L LT, MWK T — % f#AHT (compositional data
analysis: CoDA) Z# ] L 7z#F2E25EH ShTwb
A0 TERZ T, S REE) R TR &
NAFLD & o Bk %2 #ay L7 mfgeix, ShET
fibhTwiw,

ZZT, ABEWIIZE T, MR TR L 22
VERLATE) B & OV G E) & NAFLD & OBtk
DN, BmISERE 3IRAT T4 VIRHT CHGE
L, MMAT, CoDA % H\WT24kEIZb 7z 5 %47
B ORI ZER L PGEER 7)) 2L %
HiyE L7z,

;I ~

A. BMEBLVT—-2REFIE

AWFGE, MR EHIERS Y v ¥ — R
PEX)CB T aEZT— 7 223 F— Mk
78 BRI T 4 7 2 % 4 )VIF%E (Meiji Yasuda
LifeStyle: MYLS Study) 1?4 @ —Bt & L THMi &
Nizo Hak— MIBITE2REEOSMH TE
BZTHY, ERREBICEL, EAL X RFENE
BT TV EV)FHELT. AFETIE,
20174F 5 H 72 520204F 2 HIZHFC, MEHRE &k
WA & BE RS & 2 AT By EEl O W 5 & 20 7z
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28594 DM 7 — & 2 L7z SA IS,
WS 2 BB Z T T, G5 — % (57—
YR W L, EER O A RIS R 2 A
THIL)DERE, RSB RT— 5 0BE%E
T, FT—FHBEZ BT, B, TXTOH
g, i A 48 % B (World Health Organization:
WHO) 25l a a7 £ W A EJFED /S ¥ 73 v
7 H 5 (20204 3 H11H) 2479 Wil T LTWw 5,
BINHLAANTZIMADH b, NAEERHEH
BOTHR R RAEREN (1 H10KE DL Lo 08
4 HULE) A3 72203% 2 A L2232 iz <,
IREERT &2 2605 L= F FHEIR L T getkz %
L, ZARMDY 3 B A L Y RIFH (> 19.64
W/ H) Tdh - 72148 % A Lz BIS, BRIRIE
2% 3 BEdtefR 2= & U AR (< 3.260¢ )/ H) B L <
W EIFRH (> 8.81KF [/ H) TH o727 B L 720
BIZF—=Z IIREPD - 1715 2B Lz, F
7z, R E 2 RD SN D T 2 E BRI LT,
W, IRBoOMAES (B MITFL, C A%, I
i, BUHFRLEE)D LI HBs PUR T 721
HCV ViR OBtk #ETH o 7212 2 A L 720 I
$#1Z, AW%E1%, NAFLD ICB$ 5% TH 5 72
O, T4 FIAL VICH->T, 7TIVa—VERE)
% w (W= 30g/H, ZM%=209/H)TH- 7
4M1% T AN L 727 BRI 72 43 BT R 412131914
HEHV, TRTOMNEEDS, HMIZ K HH0%E
DHFHWZ 2T, AENOBINIFEE L7z ABE
JE1d, A4 EIEN B9 H R AR Sk A P 5
HREHADABEHBTERIN(KRAFS
28006) o

B. NAFLD DE#H

AWfFeI2 BT 5 NAFLD DEFHK X, T a—v
BHINEAS R TRVHICBI R TH 52,
R 5 I D BFAf LS &, B P55 W 35 1 (Xario b L
<1 Xario 200S, HZHH#) % Hwv, FFE2 b
I AL, FEEEN, R a—RE, FRIRE D
AL 7 & O JE A O Gl 2L i > TR 2
I L72%20, BERE WA TIE, PR S
HEE DI ONRIHZENE % 255 220 Wik BT %
ZenTE, BGFOHETB W TRMIERS

naFikE LCHIEsha®,

EREFEICX D 7 v a— v EIEE 7T v a—v
RO L ICHEIUEZWAL, 1HY20) 0
TV a— VB & S L7222, RRF%ETIE,
NAFLD I Z Y TH 20, ThVa— VDL
FNCE (BE= 309/H, &Pk=209/H) ZBRAHL
720, 72, B b SRR E LT,
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma-glutamyltransferase
(GGT) & &Pl L 7=,

C. 1TEIZE RO

FENLAT B & By ARTG B L, =l o B BT (Active
style Pro HJA750-C, A1 ¥~ )L 2 7 74E#) %
JHv>, epoch length % 608> & L CaFili L7z, Active
style Pro i, HHAEGSMMIZBT 5 “EEGRK
BRI ANV F MR (ho = 088)2 B &
OVEBRSE T T® Douglas bag #1230 { FKIGH)
B (20~597% 1 r=0.88, 60~80ik :r=0.85)" &
BB B0 MEEEFHIMEZ F v MIZHEIL,
22 Ho 2 JF DL RN A S IE IS 8% L7z,
F— ZATICIE, 1 H108FRILL R2 ok T
AW 4 OULE2 % B H % 2o TEHLISHET
SNTVBHERITIOE, JEMATE (1.5 METs),
R ETG B (1.6~2.9 METs), Hi G E) (= 3.0
METs) % &4l L34, #iG8) & L CRSRIEIGE &
PR RSB O GEHMEZ V2. 72, IPAQYY
R GPAQY Z W 7= AT JE & D ik 2 Wl BB IS ¥
%7212, 28 bR N B GiLfe 105 DL B o
HEREETRE) (2 AN ORI 2§ R)) 25 L
7233, RATHERZ, [4/H 1% 7213TMET- 4/
WIEWA LT DRI E Lze WIS, 24BFR 04T
W7 — 7 W T 572002, BIEIC X ) shER
] CRRSEIRE S &R IRIES 2> & 5 ) 2 37 L, 24K
I O REIRIE I 2 B 72 We R 2, EALATE), fKiR
BEIGE), RSB O &R OB A1 T
TR L 723539,

D. ZOfDOEH

HEWENE LT, FimGlbeE), T FEGE
SERET, MK RFEDL), EBRER
MOEEFICRY, Bv, Ewv, JEFICEY), B5H
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DA, B QA HE, k0 B SRR PCR I (12 &
AXZWv, 2HIZ1ME, 1H1IMPLE), R

K E D A4 i, body mass index (BMI) (G #5¢ fif) ,

WA L GEREAR), #a L X7 o —)b GERZ

B, ZRRSURE MU GEAERD), 50 36 R 38 0 A7 ik

PR SR TR SR DA, BRI IR SR DA 1 %
W L7z %d, MEIEENE, —BioMasicil
E L7

E. #REHEE

WIGE) O HAKIC B 2 BE OFF R E iR 5
72002, AT T =B PRER, MEHREK
WK tREZH Wz, ZTEIZ K E NAFLD & D
M OMENCIE, BV AT 4 v 2 ESHr (T
INA D REHEE D) IO SHOETF IV ZBRE
L7zo BTV 1T, EWn, Pk Mg
MAMEL, Zhmz, E7WV2 T, PR,
FBIUNREFIRD, B NE, B4, R
PSR RACIRYE,  FFH BRI O 4 6, U 91
JE, BalLxya—)b, Z2ERRE, & IF G
HOHM, MRERFEIEGHIEOH B, B HH
WOHMZRBE Lo EF V33T, EFILV2IZ
MZTBMI ZFHE L7z BV ERM D% LK
YE2ZWT 572012, ENJFEHSHICL D variance
inflation factor(VIF) Z I L 72 EF NV 3 TD
VIF ZEDEWHDT228ThH -7z, L HEit
FRPEATEE & 5 T 2 i REHR AR & Il S e,
FATENZ B & NAFLD & o & S BROBEH
X, 3RAT I A gt (a8 A bRz E
PRV, 7 v F%E10%, 50%, 90% DAV 2
A L7, MAMICB VTR, MRS S
57280, BATHEBIZOWTRID599.9% (n
=1912) TOHHO 7 — & Z i Uiz W
B DWW TIE, WHO A3 fHESE & %2 600 MET-
7/, FALHERER A2 1200 MET- 43/ & LT3
720% ZhSITHIBE LA FEZRR L.
CoDA % B < #EEHM#MNT X Stata 16.1% J v T F i
L7z,

CoDA & R 4.0.2T47 \», ‘Compositions’ version
1.40.3 & ‘robCompositions’ version 2.1.00D 7%y 4 —
VEMH Lo TRTOMHTMRIL, 24RH 01T

BHRHTIC CoDA % i L 72 Je AT 9E 1 Bt » 7217
#ATEYZ B L NAFLD & o B o B i 12 13,

CoDA X 2 u Y AT 4 v 7 g aHi & Fiti L 72,
MO AT ZH72, 24K D478 (BEALAT E,
ICBRBENGBY, rpoR s EENG B, BRI 12360 <
FBE %, pivot coordinate representation & FFiEiL %
T XY, isometric log ratio (ilr) 12254t L 72,

ZORE, WAOERIMMDO T X TOITERFRE & I
BL7:=BOH % 1 >DF78) (A ATE), R ERE
By, hERENEE E 22 IR oW h)) o
MR 2R 2 R X 9 WCERER L7, &b,

CODAIZK BU Y AT 4 v 7 GHHic & - TH
b7z 4 v XM (odds ratio; OR) 1%, I HAR T
BT H 2 EDHEL WD, EFIL3IHEOH
T CoDA IZ & % isotemporal substitution % % fiti L
723 ZoRHTTIE, HD 2 0oDITHREREE —
ERER LB S5 NAFLD 123§ %
T ADEALEHET DI ENTE D, TXTO
MRAHARNT DA B KM P <0058 L7z,

S

LI RAOR 2 SR H B L ORIGE O
EARBNCR L7z MR BB 5 P
50.8+9.8)% (HiPH26~74i%) TdH > 72 BT — %
WZBWTIE, RIFEPEHVEH MR HITHRT,
BMI, NGH#IIME, ALT, GGT, Z2HEREIMpEAMK
<, NAFLD EX4E NP Lhh o7z,

212, BATHZEEE NAFLD & OB IZO W
TOUTIAT 4 v 7 an i OfRE LD,
EFN 3BT, RIHH (1200 MET- 53/ 7=
) @ OR =0.86, 95%CI =0.76-0.98), H1i55a I,
B (600 MET- 43/ 472 ) @ OR = 0.85, 95%CI =
0.76-0.96), 2377 I Wi EEIG B (600 MET- 437/
2720 ® OR =0.83, 95%Cl = 0.71-0.97) A° NAFLD
W LA Bl 2R L, —J7, BT
B (604/ HY 729 @ OR =1.07, 95%Cl = 0.96—
1.19), fEKHREGE) (1200 MET- 4/ 72 ) @ OR
=0.95, 95%CI = 0.81-1.12) 1%, NAFLD & fi &%
Mz Bdhholze BB, BEATHIX BMI
KMEET IV (ET IV 2)TiE, NAFLD LA R%




{A1fR%2 BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE No.120

#1. BIGHORKICES S HRF LK

E ¥ XL MG B (%) MG E (%)
TG (%) 1914 957 957
M (SD) 4F: i (i) 508 (9.8) 496 (9.4) 52.0 (10.0) *
Bk 657 (34.3) 491 (51.3) 166 (17.3) *
S (K - K¥EDLE) 1464 (76.5) 778 (81.3) 686 (71.7) *
ER1ISE 372 INVA
FERIZH W 109 (5.7) 63 (6.6) 46 (4.8)
B 1199 (62.6) 593 (62.0) 606 (63.3)
AN 515 (26.9) 261 (27.3) 254 (26.5)
FEHITE 91 (4.8) 40 (4.2) 51 (5.3)
SR O A (£7) 1249  (65.3) 615 (64.3) 634 (66.2)
WA > A7 % (A7) 298 (15.6) 161 (16.8) 137 (14.3)
e 0 B SRR
BWIEEA LR 288 (15.0) 160 (16.7) 128 (13.4) *
2 HiZ 1 249 (13.0) 151 (15.8) 98 (10.2)
1H1mEE 1377 (71.9) 646 (67.5) 731 (76.4)
e R B () 82 (4.3) 37 (39 45 (4.7)
M (SD) BMI (kg/m?) 229 (38) 234 (39 225 (3.7) *
M (SD) I 39 1fiL = (mmHg) 113.7 (15.9) 115.1 (15.2) 112.3 (16.5) *
M (SD)ALT(U/L) 223 (16.7) 24.1 (17.9) 20.5 (15.2) *
M (SD)AST(U/L) 218 (9.4) 222 (9.5 214 (9.3)
M(SD)GGT (U/L) 29.7 (25.3) 31.8 (26.1) 276 (24.3) *
M(SD)#& 2 L 2 71—l (mg/dl) 208.7 (34.4) 207.5 (33.8) 210.0 (35.0)
M (SD) 22 JiE IRz LB (mg/dI) 95.6 (15.4) 97.0 (17.9) 94.3 (12.4) *
L W ) 258 (13.5) 134 (14.0) 124 (13.0)
MR S HRE TR () 195 (10.2) 96 (10.0) 99 (10.3)
B A (F) 57 (3.0 30 (31) 27 (2.8)
M (SD) BRIARIE [ (53/H ) 361.0 (54.6) 363.2 (54.2) 358.7 (54.9)
T R
M (SD) &% H %X 131 (5.9) 125 (5.6) 138 (6.1) *
M (SD) & ¢ (43/H) 869.3 (97.4) 843.3 (90.1) 895.3 (97.6) *
M (SD) FEfi 478 (43/H) 538.7 (110.0) 585.8 (95.6) 491.6(103.2) *
M (SD) I3 B 35 8 (45 H ) 2652 (92.1) 200.7 (57.6) 329.7 (73.0) *
M (SD) HH =i 8 BEIE B) (53 H) 65.4 (23.8) 56.9 (18.6) 73.9 (25.3) *
M(SD) /377 b (=10%5) s BTG B (%5 H) 193 (15.8) 17.0 (13.8) 216 (17.4) *
M (SD) #&: 15 B (MET- 43+/38) 5620 (1489) 4440 (716) 6801 (1066) *
M (SD) i B 1G B (MET- 45+/3) 3840 (1350) 2887 (813) 4792 (1080) *
M (SD) H 55 BEIG B (MET- 45+/38) 1781  (777) 1553 (594) 2008 (867) *
M(SD) /73 | (=1043) H & B BETR ) (MET- 43+/38) 589  (553) 509 (442) 668 (635) *
NAFLD (3% %) 503 (26.3) 309 (32.3) 194 (20.3) *

* P < 0.05. $5 5 72 3B A3 VB Y BUAE AR (BA) 2R BEEOARERE L LT, 773 £ ez,
BRI t g & 7z,

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index, GGT: gamma-glutamyltransferase, M: mean,
MET: metabolic equivalent, NAFLD: non-alcoholic fatty liver disease, SD: standard deviation.
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2. BATHZERE NAFLD L oMM (T Y 25 1 v 7 Wk 5HT)

Ay I (95% fF X)) (FATEZBUERL B E LTRA)

EFNL EFN2 EFN3
FERLATEY, per 60 55/ H 117 (107 1.28) 113 (103 - 125 107 (096 - 1.19)
KBy, per 1200 MET- 43/3 079 (0.71 088) 081 (072 - 091) 086 (0.76 - 0.98)
ICHR EE TG, per 1200 MET- 43+/3 082 (0.72 094) 087 (075 - 101) 095 (081 - 1.12)
FRE R ENE T, per 600 MET- 45+/3 086 (0.77 095) 084 (075 - 095 085 (0.76 - 0.96)

( )

o3 R ENGE), per 600 MET-4/38  0.80  (0.69

0.94) 080 (068 - 095) 0.83

071 - 097

KPEGHETA B R HEEZ /RS (P <0.05), EFNVITIE, Em, Pk MAEFHEERRZNE L, EFV2TlE, E
FOV LA, R, EBRRGIRN, BSRO4AM, B4 M, B SEBECRT, R BREEO A, I YI0E,

V31iE, TV 22 A T body mass index % #i#% L 72, MET: metabolic equivalent.

E D B % 388 72 (6047/ H %72 1) @ OR = 1.13,
95%CI = 1.03-1.25) .

B 112, EFNV3ICBIFLIRATTA Vg
DWERZ T LD NAFLD IS L, #BiGE), h
TSR BTGB, 2N I e R R R B AP I 2
ISR % R L72e NAFLD X5 54 v XiE,
725 TG B AS% 1800 MET- 4/ $ 5 TR
RICAKT L, ZOHOETFIEHER2IT L7z, N
v MR ESREETGE) I NAFLD 12K L, BB Al
FY 2o BSOS BIFR 2R L7z RIGENC B W T,
NAFLD IZ%9 % % » X1, #5400 MET- 4/38 %
TRIEIAKTL, ZOBROETIIERHITER 72,
FERATE) & NAFLD & O A & 7% & 5o BRI,
BMI RFHEETF V(K 1[ADIZBVWTRD LR,
NAFLD 1285 % % v X 2586004/ H * TKIF %
Winass iz,

B2 1%, 2405 ORI B T, £17
BRSO L HEER LD DTH S, 241
DHEMNT, RODRELREAGEHOATEHIX, JEM
178 (47.0%) TH Y, NS L#FEGELHOAT
ik, PEEEIES) (5.4%) TH - 72,

1 H OATEY RIS BT 2 M5 2 R ) 0 5543 1,
FTRTOEFIVTNAFLD EAEICHEL TV
(£3)o EF N3 T, FEMATE), whEmEEIGH,
FERIEH & NAFLD & 345 #IC B L 72, CoDA
2 X % isotemporal substitution {23\ C, FERLAT
B g U < AR EETG Bh 2 vh i i BTG B\ S iR L 7
Wiy, BB OBMICIS U T NAFLD 1233 5

Ty AR TFT B bhroz(W3, ik
1)o BlZ X, 60%/H D BEAATE) % rp s ol FE G B)
WHEBR LA, BERLZVWEGICHXT,
NAFLD 233 %5 F v X322 %X F L 72(OR =
0.78, 95%Cl = 0.65-0.93), —J7, #iZ, &l
FEGE) %, JEMATEN D U < KR TR B I E R L
AT, BEHRFEOBMICIG U T NAFLD 12
W55 F Yy ABEL LB eBbhrolz, HIZIZ,
rp R R BN B 6045/ H & JEALATEY ISR L 72
NAFLD {Zxt 3 5 4 v XA%69% L5 L 72(OR =
1.69, 95%CIl =1.12-2.38),

z ¥

AWFFETIE, KBIBLLHENT 7 — 2 120 %,
R Tl E S N2 BENATE B L OV B fkiGE) &,
BIZWIZ & o THE S N7z NAFLD & D&
ISBRICDOWT, 3IRAT I 4 VENT & CoDA
EHCTHRE L7z AMEDOELFEREZDTICE
LB, MIGE), HEREIGE, N7 bhERE
THE)IE NAFLD & A I L, NAFLD IZxf L,
HHRIY 22 B POUS BIR 2R L 7ze BATENE R D 72
T, WERETGE)AS NAFLD LI b iR B L,
)% B) 3491800 MET- 43/#8123%3 % % T NAFLD
WX 5HF v ARKIBIETL, ZRUBEOKT
BRI b N bh oz, T2, CoDAILZ
X BT CIX, FEAATEY D L < IRIREETR B 5
PR RIS BN O 13 NAFLD I2H$ 5% v X
LT &, W, PESREEIG B S M ATED D
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B1. 3RAT T4 YRATIZIED L, BBAATE) (A), #IGE)(B), KMEENGE)(C), HhRiMEgin®) (D), /¥ b (=104)

rRE R IETEE) (E) & NAFLD & o5l

(A& (FE20E7FNV2), K77 73K 2DEFNVITHEIOTHRENTV S, EMITF v XM, BiiE95%
BHEAXE, %79 713 A 7T 4 GENEFEHE (%) ZR LTV,
BMI: body mass index, NAFLD: non-alcoholic fatty liver disease, WHO: World Health Organization.

L IHCRETG B~ O II L+ v X% LR S5
ZEEHWELR,

BMZC X 2 3G E 2 vzl ko% d o
FWIFEIC X 5T, HEIREEIGEE) & NAFLD & O
HIR B I ST B2, KRR TIX, N

L ET APl 12 He D < B ARG B & v 72 MEE & 4T
v, IS OBATIIEO M E L 72, HEEE
fili L 72 S AR5 8) & NAFLD & o B3 2 Bei) L 720
ZEIV L O D B 05, AFEO X 512, W%
UG BRR 2 KR L7291k e v RIS T,

a7



(TRERR) IEREETEHEICE D < EBAATEIS KO SEES E3F77 )L T—)VIEIEmFER & DB RITE R

G2l i)
7 H
O
(s 367.143/H
318.3%/H (25.5%)
(22.1%) '
JEREAT B
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X 2. 24BN BT 2 BATHRE I O E
BATEYIRE 13 240 RN AL S N 2T & L TORENT WA,

F3. 28I HBIT B KATEIZE R E NAFLD & OB (CoDA Ik BT Y A5 4 v 7 WIFHT)
F v A (95%4Z HHIX M)
71 EFIN2 EFN3

FEPR I ] 049 (027 - 087) 048 (025 - 0.90) 048 (0.24 — 099%)
JEA 4T ) 293 (1.82 - 474) 274 (162 - 465 222 (124 - 4.01)
IG5 5 6 ) 105 (072 - 153) 126 (083 - 1.90) 144 (090 - 2.31)
P iR BN ) 067 (050 - 0.90) 061 (044 - 084) 064 (044 - 0.93)
Sfk P <0.001 P <0.001 P =0.007

KPIHREA E 2 B %Z 7R (P <0.05), 1HOFTEIEMAICEBT 2 2R IER O 54 ISk 3 2 P AHIZ LB E O f
RE2RT, HATHIFRIZ, isometric log ratio(ilr) ICZM XN TH Y, KPR, MOTRTOFHIHTLDH5 1 DODFTE)
DHMNW LR EZR L2 DTH b, & v AL ilr B3 L7ATBIEEO L A OBIMIHEY T 5, 7V 1T, Film, %,
AW BT B BATH OB RRE Z A Lo BF N 2 Tld, TF NV LA, P, TERREERN, o4 I, B
DA, FERE I SEEPUR, TSR REE OGN, PHEHIE, I VA Fa—v, Z2ERIRE, &I a4 i,
B REIERR RO A, FIRRHEROGEZNE L2, EF NV 31E, EF WV 21I1Z T body mass index % %% L 72,
MET: metabolic equivalent.
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K75 7%, RIDEFN IIHEIDWTHRINL TS, NAFLD: non-alcoholic fatty liver disease.
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HhE R R B B X ONRRTEEhAY NAFLD (2XF L, il
RGBSR EZ R L, HEROMICHES
NAFLD IZH$ 24+ v Zix—ETlE R E1L¥ 5%
CERAWELZ, BARMIZIE, 3RATS A ¥
TERTIZ BT, s i BEG B 3% 1800 MET- 73/
BIZET 5 F TIX NAFLD 1239 % F v XA5KIE
WIKTFL, Z0#HOF vy ZOKTFIEHER IR 5
LW bhole ThbH, NAFLD X9 %
ERENE B O PRz R X, #1800 MET- 45/ 12
WALy AFTRIRIHED, ThPRiE, F
Bl L7 Ao s £ ) 2584k 5 5 2 & 29R
SNz MIGEIE, TR EEIGE) & 3IZE Uil
W e B RS BFRZ R L, #5400 MET- 45/ 38 %
TRIBIZIKTF L7z SNHOHED S, NAFLD
T AL RIR AL 7200 G HIGE O HE
i, FRRREENGE) & L Ci21800 MET- 45/,
MIGE) & L T3 R5400 MET- 3/ CTH 5 Z & 28
AN 2F (W

BIRAT T A VRFICBWT, 257 MR
WENE, PEBENOSY PoFEE Db
W) IZHAT, NAFLD & OB EEHTH -
720 Bl 21X, WHO O I I B4 12 AH 24 3 % 600
MET- 43/38 o vp &5 5 BE G B 1E, NAFLD (2R3 %
F oy XA T E4220% FEONY g
MIERE CTIIAELRY vy O THFED O
A o720 IPAQY R GPAQY % M\ 722647 D P 27
JeTIE, 2O X9 RIGEME O BEEE O %
MGl 52 ETETB LY, WAERNEER
EHCIARNEDBATH S L VR D, HERIGH
DREBERF I & AR R OE NI OWTHH Lk
EDYAFITFA v 7 LEa—VTiE, Ny o
A0 6T HRGERIX, RENREZELE
T RRBEANRA DL E2WEL, FARIEH
BT 5 %A LOBIEICBWTRTF L A Y
T INHBBETHLLABRTVD, KEEREZE, o
LE2—0OREEZIXFTLHHDOTHH, NAFLD
DOFBIIBVWTYH, N7 bOFEIIHI b ST HhH
R B O EEBARETH D 2 LARBE S iz,
HR G E) & NAFLD & OB X, 4 DA
BRO CRRIIFEICHE S TuR v, MR EE SR

i NAVAR SO 1R G E S 1 45 R /TS
NAFLD E B A Z B D TR v, &
OFEFIIIEBH RO LIKICBVTHOARINTE
D, RERFORMEPA TS THo7. Tz,

NAFLD A¥F 2L 7 — % (fatty liver index; FLI) 12
FoTHEINTVLZETHRAEH o720 L
7o T, ARWFFEIE, ZBIEHN L 7= KR G S &
NAFLD & o KUt B4R IO W THGE L 72 ¥ T
DWFETH B L\ R B0 IRIREEIHENIE HHAEEIC
BULZRIEHOKRE 22 07205, 3RATS
5 A4 VIR B VT NAFLD & O =4 2 32

Dhhrolze AL, NAFLD O TFBilZB W T,

fRER BB TG B R EAA T TH Y, XDl
D BRI (3 72 b B W R R EE TG B)) AT E
THHILAERELTWS, CoDA % H 7=k
O a2k — MFFETIE, FRAATEY D O KRG B~
DOEHIZ, HERTFZEY TiX BMI B X ORI R
DR & B L 72— )T, B2 s v i
FETE R 2WME LTS, KRR
Bk NAFLD & OB O WTIERZ 5%

AR INTORWD, JRICHERIZEIC ko X,

FlEREHMAEZEHL T LEDLD 5,
FATIEZEC & D FEAATE)IE NAFLD & A EICH
W22 EHESN TV s off
N ATEY AVE IS X B 5 T d 5 259 %
F 2 TN o 5 TRUS R 2 BT 5
) ZTHRAEDD > 720 RIFFEITBNT, JFEAATH)
13 BMI R E 7V TlX NAFLD & A B IC B
L72%%, BMI B EFILTIE, NAFLD & AR
M Z DLl TN DORRIZ, FEAAT
& NAFLD & OB, MRS X - THA D
LAERMINEZLEZRBL TS, 72721,

A ATE) & NAFLD & @ BHEIZ DO W T OFEH1Z,

WHOTI AT 4 v 7 HGETIN(FK2) L CoDA
WXk T A7 4y Z7IRETIV(FKI)ETRE
D, BEHETIE BMI THEBERLDEAITH &
NAFLD & O f & 7% B0 H 72, CoDA
WX ZEFNVTIE, HE NGB (NAFLD & ik
b ok < B U 7247 ) & BEALAT B & oo g [0 S 4K
HHEZZER L7222 T, BAATEICTALE
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Db NAFLD L OBH#ED K ) IR TE 72
WHEVED D % o

CoDA |2 & % isotemporal substitution Ti&, JE{L
TS U < KGR BTG B) 2 vh i iR G B LS
5T ETNAFLD IZHT 54 v AT T2 &0
AP AR E R WZE L. BAMIZIE, 605/
H O PENATE) % o R BTG B LR L 7236,
L RWEEICHN, NAFLD IZH3 54 v X%
2% T L7zo F72, KEREEIGB A & v o B
B~ DEH Y NAFLD IZX$ 5 4 v X 2 WA 4TE)
ERBERTERLZ DYool INHLDIT
i & NAFLD & OBk, EfR S 7z
26 U T NAFLD (2R3 54+ v A28 LT % 8K
ISBRRICH 572 (M 3)0 AR LY, NAFLD O
TRIZBWT, X OAREERER L7202,
VERATEY 298 5 L, "HESREEIG YIS AE T B BT
HDH I EIRBENT, IRIREENG ) AN E R O XS
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i EHEEGICAT R % S F SR80 E
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INODOARNRETEZWST L IIWEETH S
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PR EETE 2 e 2 L 2 HIYIS,

W BTN =i, hEREE B 1 HOfTE)
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7 O NICHEE R BADHELT B XL O EISHT 5
RERFTHo72 E2WELTVBEES, Zh
S ORWFR IR TITbh b oThHY, 7Y
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WREZE, ABEF Y 7220 7208 EEEo
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Z b RN RFIZIEN % & & AR 2 ) IS L
THTEE DL » (—BALWTEEME) ZIAPTH
%o BT, AT, HIRIESCHEIS DWW
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6, AWFZEICEIT S NAFLD DI L A L DORER]
21, JE7 v a— VIR 25 (non-alcoholic ste-
atohepatitis: NASH) 7z &0 X 1) H AL L 72 FF9c /8
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