FM ODEBREBHE TCEXHLVWLDEEZL
ns,
ERRSEEELEDDIICY-Y — &
IZKE Y79 D BMR CTHRETHETDO
HEEHEIT, E#)O BMR O & Tl L T
5, EBRMHEEEOL SICHEENY
® BMR % —IZRD DD Trrip< | £<
DEBRBHERD X 5 1HERITTH
EEHHBLEME, H LT LBM 2EHIC
BERHEXRDOREDLEEN TR S
5, 22T LBM I PEEE THIE X
T\, FHELRETHD LS
MR H o7, IHETIEHA E—F
AXMEERHORFEIZL D, BE»OHK
BAIEREIZ LBM 2BIETHZ &N TE
BX9ITloTETWS,

£, ERAHEEEIIEE OLERE
BAEDEPHRLER-TEY ., AF—
VBRBFOLIICE L FEFHEOZ
FEIIxt& Lo Tnievy, S EIOERT
HbAR—YERIIHRL L TR, &
%, ARV BFELEURL REEKED
KEDOHBE BN TEBRBEORE
TV, KE, LBM &L OBMRE ST
HUENRDHD, LBM 2 ERICEATHE
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L, ARV BFEZEFCRIEVITRE
WKBWTHLEATE 1 Livievy,

B S TiX, —Eo - ERIZBWT
FETDREREERH D LTV LRV,
BICPESEEHEOHKBRERN MoK - F
REHBEL TR+ THD, RFEER.
PEEBHERCAR—VYBELEH T, &
HIZEL DXRHBE TORET —F Z#INE
L. BIEEOEREEEL®EDIZ,

F. iRk
1. FCRK
2L

2. FERK
2L

G. AMMEEOHE - BEKKR
1. FErEUs

2L

2. ERFRREE

el

3. DM

2L



%1 HESRBELTEG L EHEE DR

RBAHAER BERAHEABE : :
R | () (kcal/kgfKE/R) (kcal/kgtkE/H) AENS ERELOZ
18-29 240 238 = 19 - 40 -0.2
Bt 3049 22.3 213 £ 23 31 -1.0
50-69 215 206 *= 45 16 -0.9
70— 215 204 = 23 16 -1.1
18-29 23.6 214 = 20 94 -2.2
1% 30-49 21.7 200 *+ 34 86 -1.7
50-69 20.7 199 + 26 103 -0.8
70— 20.7 196 + 2.2 33 -1.1

2TOM - ERICBOTEEM L Y L5 EOERAMED T MEVVEZ/R L, #IZ 1849 TOHE -
EFELUTEOBRPBEHETH S,

KAWL D%E (kcalkg KE/B) =B FEMME (kcalkg KH/B) — FERERHEAYEE (kcal/kg (BH/
H) : '
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EEH-UORR AL (BiTis-29F) #EsEhE (Bit18-29F)

40 %0
a5
s o "::740' 5568 ¥=0.263x-2.746
2 yET o o “0 R =0.123
= . R =0187 = 35 £X0.05
= . ~ !
gzs M <0.01 E "
x -
S . w 25
3
= *
s 20 ° . o **
10 P .
10 L R
o ®
s 5
0 ]
a5 50 55 60 65 10 75 80 85 90 95 100 45 50 55 60 65 10 s 80 85 90 95 100
#8 (W ’ *E ()
HEHI-UOREBRAHE (B1E30-49F) s (B 1E30-49T)
w 50 v=0.314x - 3655
N=44
as =-0.036x + 24.04 o R =0278
e : £40.001
50 R = 0049 0
. NS. z 35
25 > [ 2 B 30 M
»

25

(keal/kg/day)
S
*
8 e
*
*

20

@

15

0
10
s 5
[ o
45 S0 55 60 65 70 75 8 85 90 95 100 45 SO 55 € 65 70 75 B0 85 90 95 100
®E (ke wE ke
R 3T D BRI (B 1E50-69F) IR (B 1E50-69:F)
a0 so y=0.308x - 0.443
. . N=23 45 R =0.221
y = -0.050x + 24.11 240.05
.z ap
30 R' =0.008
3 N.S. = 35
3 - B 30 -
—‘\‘ - *
3% 4 < PRI . -»®
<., . 20 L4
s L]
15 *
10 [* .,
10 L3R
s 5
0 0
45 s0 55 6 65 70 75 8O &5 90 95 100 45 50 S5 6 65 JO 75 B0 85 90 95 100
®E ko WE ()
e HE G- R ME (BE70F-) isRAE (BE70F)
%0 s0 y=0.382x - 2.988
N=24 R =0.393
4!
35 y = —0.074x + 24.88 ° #<0.001
10 R =0.064 40
= . NS. g 3
sl % w
_;o * - "=
320 _?ﬁ%.\“ 25
'] IS B
‘s * 20
15
10
0
s 5
0 o
45 sp ss 60 €5 0 75 80 85 90 95 100 4s S0 55 60 65 70 75 B0 8BS 90 95 100
il () *E ko

1. BHOBEROKELAEL YD BMR L OBE (£) L. KIEHREER L OB
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EEH-YOEECH R (K 1H18-29%) RE T (X 1E18-29:F)
© 50 ¥y=0.313x+6.35
15 N=91 45
y=-0.118x+27.78 w©
30 R =0.157
H . £0.001 =z ¥
35 > 8
< * =
w20 PNy 4 25
E] * ¢ o .
s b * 0
15
10
10
Sr 5
] ]
30 as 40 a5 50 55 60 65 L1 I -1 80 B3 90 30 35 40 a5 30 55 60 65 10 75 80 85 90
H*E e *E ke
HREH =Y OB I HE (XTEI049F) R MR (XE30-49F)
40 50
N=130 .-
s y=~0.128x + 27.23 ¢ o
< a0 Q
) R=0.119 -
4 z
8 =
3% 2 30
<
320 25 ™
“is 20 y=0.539x - 4.557
15 . R =0.376
10 * . #<0.001
10 *
3 5
] V]
30 35 40 45 S0 55 60 65 70 75 80 85 80 30 35 40 45 50 55 60 65 10 75 80 8s 90
HE rp *E ke
KREHT-YOBEE HCHE (X 1E50-69F) B (ZE50-69F)
40 N=103 50
15 y=-0.168x + 29.20 a5 .
R =0.261 ©
30 20.001
= = 35
%“ B 30
S0 * s v=0.453x+ 4332
e R'=0417
= 20 P K0.001
15 *
10
10
s 5
o o
30 as 40 a5 50 55 60 65 70 75 80 8s 80 30 as 40 45 50 55 60 65 70 75 80 85 80
HE (e B (ke)
EEHI-YDRECHHE (L1E70F-) B ME (X E70F-)
0 50 v= 0.646x - 2.945
s a5 R =0.432
N=97 %0 #K0.00t
% y = -0.160x + 27.62 R
525 R=017 <
Y 0.001 &
2
=20 25
=
2 20
=15
5
10
10
s 5
] [}
a5 40 45 50 55 60 65 70 15 80 85 20 95 30 35 40 45 50 55 60 65 10 15 80 85 90
*E (ke) *E (ka)

2. THDEFEROKELAEKEY-YVDOBMR LOBME (£) L. KIEHR L KE L OBEE
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EBAFBRERMARMANE RBRBRESFEFEERRARREHARSEE)
SRR E

SEFEHEEORRIZE T HHBHMIEE

HEFEE B R OR) B REFET REENET TS5 A
TAAR—RW TR Ty Y —F—

mEHHE BE EEXT " BHEA
mHE fof " EEBFEER
R —& " ik 1L S =1
51 HHE " FeRlAFFE R

AT, FRESROTRLX —HEER (EE) %KM THIE LIEBRE &/
W55tk (EEREHE) 2. ke kB2 a4 588D, BELERICBTS
BREEBOBELE LML TOE0ERF L, EREKICL D BEITREICHE
EEEUDEA. TOBREOBREAHRTFTHIILZENE LT,

R AB L 71 BIZONT, EEAHE BMR)., BAULHNHEE (RMR),
HOEE 3 HEA, AREH4EE, SMTEBH7TEHBEO EEZHE L, ThEhD
EEEED EE %, KR &#KIIATF (KE (BW). BMR. RMR) TR L. H{&IEHEM
FEFSEE (JEIZ. EE/BW, EE/BMR., EE/RMR) % &M L7z, HEIEERERE LK
B (RE) OMICARZBRBRLNLERIC. FEFBEESHBEREOKREMIEST
BEICH D & EHE L7, |

EE/BW Tii, #UEEIOE2TIZEBWT, RELFELADOEELRALNZ, Zh
5 DIEEID EE/BW DAL, FHR AR5 10kg B 5 Z LI £5-6%RE DR
FEMRA U7z, EE/BMR Tid. 3 HEOHITRE CHRE L FELREDCEREA LI,
72 (A8 D> 5 10kg BENLD Z LT E3-5%RREDRRZENAE Uz, EE/RMR T, 2
HEDAFREE L SHEOSHITRB CTHREL GEREDBFRAAL LN, FEHH K
Bhb 10kg BN D Z L2 £3-6% DRBENE U,

SLED X 51z, EEBW iX#HAFEENZRBV T, EE/BMR & EE/RMR (34 TETEEHIR
HITRENC VT, EETRE OFMMB A IKET 5 A aEtE AR S e, %
IVAEULIBEEORER., WTNhOEHEEREIIBN TS, FHRHRERID
10kg BEILD Z L IC SUBRETH DL Z L RENT,

A. BIREMN DFMITEELBEREFD, —MBAIIC EE
A% DERRLCRBEZEZEZXD LT, =XV X IEBRE & EREIKFT D, £DT2D,
¥R E (EE) OMBL, FREEHE BEVEELATOINREICBV T, EEX
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TEENIREE & 3P 9 511X, EE 248 CTHIIE
THULENRD D, KIEOHETFE LT, KF
HRAEE (BW), EBEAHE (BMR), &
LT E (RMR) T EE 2#fELL

b O, FEEFRERE L LT (I EE/BW,
EE/BMR. EE/RMR). tk#% Z2HFFR002A
BWTEEMICHRBEACHWLRATNS,

Lol Bx OFITHRICBWT, &K
EMLE LT OEEMREREN. RUE
BNECHEHOLTERBIC L > TR DE
IZRBEVIFBRRBRINTND,

T, R TIE. KRR 3 DT
BIRBEFRIE A, BRa RER LA TOXNBRE
D, HRA R AEEFEOFEBHRELSE LLFE
fliLTWENERET L, EREKEIZLD
EEREICRAEASE L DBE. FORED
BEARTTDHIZEZENLE L,

B. BIRFGE

1. #HRE
HREIX, I EFETtkE (KhE
40.3-86.1kg) DEEFEARFAB L 71 4 (21-66
m) & L7z,

2. BEFRE

AR, F& ORFETIZAREKERZ. £
DHEDORBEEIL Lz, BHOFX, AL
AR EEZ XH, G 8 BRRICEREIC
KEZTHEIIEKE L, TOBE, TEX S
RO EFIZWW - Y & LEBRITTRESTD
XA L, EREFICEIFRIC, KE
BROXEEFAL., ER~DOBAZEATD
RIEZE- ECEREBB L, T
2, HREOHEHBEITV, EO%RER
RHE (BMR) ., EMLFHFRAHE (RMR)
L BEEEEEPOEE #/E LT,

3. EBAHE (BMR) & EIEHAHE

44

S5R4T (55m/min) .

(RMR)

BBRE B COREIRES 30 4/
REFEEE, F7TANRy TEANWTIO
SEOMNESRE 2 B Lz, D%, HE
AT 10 DEDOFER % 1 BIEEER L7, £
LEFROBRRERB LR B{LRERE
BB HrEt (ARCO-1000, Arco System Inc.,
Chiba, Japan) IZXVBIE L7, E/o. R
BEEAHTAA—% (DC-5, SHINAGAWA
Co Ltd., Tokyo, Japan) = X Y & L7z, Weir
(1949) D% Fv T BMR (B Z2#) |
RMR (B %&HF) ZHEH L7, BMR i1 2
B OFEDFEHME E Uiz,

4. BEAEEHPO= RN X —HER

BMR, RMR DFIENBKET L %ICIEIRE
TGO B IEICHIE 21T o 72,
FHEOTEED - Y o R
AETETRS - MERENT . REHT L. Mk
VW, i (Skg) EW
WATTES : BEERIE D | BEBRA D, wo< P
E@AHIT (70m/min) . #F
# (100m/min) . ¥ (3kg) % ¥ > THIT
(70m/min), ¥ a3 ¥ > 2 (140m/min)
DESFWIEBPORER AL T, EE &K
iz, TNEERE, EMFRMNE, BATH
REUHE TR L T, T oiEE5mER
BErREH LK,

5. FHMiAE

- FE A RE L, BIEBIOEREE
FREE L KRR ((KER) OBIMRM. #HEHICH
Bl o758, BEHTRERBEIIAEEHAIER
TG TH D EFHlI L 7=,

Fo, EEBICEWAE L A EEEEBED
RAZEL, EHH R K& (K E 60.0kg) & ZEHE L
L, 205 10kgTHTLICALDE
%, wiammmﬁaﬁﬁﬁﬁ%gﬁkb
72100 »R TR LT,



4. HEBE~DERE

AEFFTIX, BSATBOREA BB - %
EHEFT M EREEELZER (BN /A
B PN A R<IIRICB T 25 %) | D&
ERTEBLEZ, BIEICHIZ-T, HE
FIZRED BB, FIZE. FRIZE., G,

T —F DEBERLARIZOVTHAZITV,

BEIC TR/, 7—F BECE
BL. SMBICHEHT 5 2 &8 RVE DI
Uiz, BUEICH S B,

C. hAKGR

EE/BW i, HHEB O TIZRBW T, K
BLHEERAOBFZLEHD ., ThICL Y FE
BRE (60.0kg) A5 10kg BENh B Z&iC
+5-6%DEENBEL (X a), EE/BMR
X, BITEREBOY b 3EBICBWT, &K
HLAEEREOBEAEHY . THIZLVFE
BIREM S 10kg BENL D Z L IZ+3-5% DA
EMRAE LT (£Db), EE/RMR 13, A7&TES)
DI HD2HEA L, BITEBDS LD 51H
BiZBWT, KELFEREDOBEMENRH Y |
EHRENS 10kg 2 5 T E12+3-6%D
MENELE (Ko,

D. ¥R

AHEFET, k% 72 B EAEFERHOERR
ERRE OB D RBEX. TOEREHE
BRIV ECHIHEBR HDZ BRI
iz,

EE/BW iX. REBEIZ M S EEICWT
IEEBICRET 2 Z L KBNS TEEI O
EEFmTEbLO0, KEBIH DR
W TEBNC B W TRERENAE U, — 7,
EE/BMR <° EE/RMR (%, REBE#Lb7
W RTEECER EB B O IV VAETETEE)
CBWTIERIIEKTF T 2 2 L 2 < FEEIC

HHORELFMTEZbDOD, KEKF
OB WSITIEEC—BOAEFEHICB W
TRERENA U,

IhHOBEZ, Bk (KHE), fERF
(BW, BMR. RMR). #{&#) EE DELRIC
K3 LEZ2 LN, IHED EE (3, KEB
B ES IEH T, FEIITITHAI L TH
Mm%, LaL, KEBEZHEHORVWET
@ EE D54, K& ((KEH) OMMoFg X
DHPENEISTLMEMLRY, ZD7
®. EE/BW Tk, fFHIEENCRSWTHEREL
BAOBERBRLNTZEEZE L LS, BMR R
RMR DK & &id, kig ((KH) 275
LoD, K ((KE) OEMOEELY b
INSWEIETLEM LY, DD,
EE/BMR <° EE/RMR G, K &I13IFH A
B3Z EE 2388MN§ 5 TiE8 2 SR ERE)
FHESEENCN T, KREE EOREKEMNR
bl EZBEZ b5,

E. &&
{8l % AD EE K CHIET 38558, H D
Wik B OTEETREEREN S EE 2 HEE T

C APEIZIE. EE/BW IIEREENC RV T,

45

EE/BMR (I —# O H{TIEIIC BT,
EE/RMR X —BOETETEE) & £ < OBHITIE
BicBW T, [EEREOFMIC R R TR £
10%DBENELC B EEZ LT,

F. IR#EE
1. F3CHEE
L

2. FoRK

HEEELY BPEHE KWFE—-F mH
. SURGE ZEEIT BMR E5
SERPE A RTIRIEICBT IR ED S S M.



% 62 Bl H AR AEFS

2007, FXH.

G. ANMEEROHE - BRRR

1. FFRUS
L

£. 9H 14-16 A,

2. ERBEEE

7L

3. F0fh

L

R, FEAERELAEOBRRL, KBICL Y ELSHRBREREOREDRE

a. EE/BW
EE/BW
ERFHE ! , MEORES
EE/BW (sve Bw)
(Mean +SE) (%)
FOES
B o E -0.000079 0.000016 0.01488 5.3
BN RES -0.000094 0.000017 ~ 0.01643 5.7
A2 -0.000091 0.000022 0.01814 -5.0
&EER
BT -0.000016 + 0.000123 0.04801
TEMTL -0.000099 + 0.000062 0.03681
I %Ly -0.000075 + 0.000057 0.02930
T (Skg) EU -0.000139 + 0.000132 0.07166
TR
& X DIEY -0.000070 + 0.000119 0.12301
& Ex&BY -0.000189 + 0.000103 0.05134
H17(55m/43) -0.000119 + 0.000083 0.05027
#H17(70m/53) -0.000121 + 0.000091 0.05902
#17(100m/43) -0.000096 =+ 0.000149 0.07596
¥ (3kg) ERF>THC -0.000186 + 0.000113 0.06890
Taxy 4 (140m/43) -0.000339 + 0.000242 0.15467

AR L FREEELE
EE/BW(ave_)2: ﬁ, ﬂzﬁ%'zfig L/TC

,EE/BW & REDRLEL D %Enrc, REDSE
, EHIHAE (60.0kg) 2351} 5 EE/BW Offi.

MEDORE> PHEKREBELY 10kg T35 T &I L5 EE/BW D% (B) OBRE
, BEORBRE (%) =B/EEBW (., X100

*P<0.05, **P<0.001
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b. EE/BMR

EE/BMR

ER RS EE/BMR REDRE®

(Mean +SE) ' (%)
BNED
NEAGI &S — — —_
B &5 -0.001 0.001 1.11
IUIEE 0.000 0.001 1.22
&EED
REREMNT 0.015 + 0.009 3.26
REDTL 0.006 + 0.004 2.49
MLy 0.005 + 0.004 1.99
i (Ske) BU 0.016 + 0.009 4.85
HITER
B ERDIZY 0.035 + 0.010 ” 8.37 4.2
FEE&Y 0.006 + 0.006 3.46
#H47(55m/43) 0.011 + 0.006 3.40
#47(70m/43) 0.013 + 0.006 : 3.99 33
#47(100m/43) 0.021 + 0.010 ' 5.14 4.1
1 (3kg) ERFH>TH< 0.012 = 0.007 4.67
23¥> 5 (1400v453) 0.031 + 0.018 10.51

EHRGRE " L FRELZEE L EEBMR LEEOMR L VB ONE, KEOREK

EE/BWay): %, E% ZE L1, FHKE (60.0kg) 1231 5 EE/BMR OfA.

REORES PHKELY 10kg M5 T L4 U5 EE/BMR 0% (B) OBRE

; MEDEE (%) =B/EEBMR 4., X100

*P<0.05, **P<0.001
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c¢. EE/RMR

EE/RMR

EfCES EERMR RMEORE®

(Mean +SE) ‘ (%)
BNED
{MEA G R 0.000 + 0.001 0.91
BRI R E — — —
A 2= 0.001 + 0.001 1.11
EEEBD
FEREE N 0.016 = 0.008 : 2.95 53
KEBHTL 0.007 + 0.004 2.26
Mgk 0.006 + 0.004 179
B (Ske) BU 0.017 + 0.008 : 4.39 3.9
HITED
FEERDIXY 0.035 + 0.009 ” 7.58 4.6
B &Y 0.007 + 0.006 3.13
#H17(55m/4) 0.011 + 0.005 ) 3.08 3.6
$H47(70m/4y) 0.035 + 0.009 " 7.58 4.6
#47(100m/43) 0.021 + 0.009 : 4.66 4.6
M (kg) EFH>THC 0.013 + 0.007 422
Taxoy(140m/4y) 0.031 + 0.015 : 9.47 3.2

ERRE " PELEREEE L
EE/BW(ave,)z: ‘HE, Eﬁ%%lﬁ L7

,EE/RMR L KEOBFL VB LN, KEOFREK
, Ptk E (60.0kg) 235+ 5 EE/RMR OfE.

HMEDRRE S EHERELY 10kg 18MT 5 T L4 U5 EE/RMR D (B) OBE
; MEDEE (%) =B/EERMR g., X100

*P<0.05, **P<0.001
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BAFBREMARMANS (BRERKBELEEEERAIRREHRER)
TRMEREE

EHREIKEE L-SGEDHELARBHERE OBEEICET SBRENOERE

SHEFFEE NERZ REILFREEABFREFHRVERFER

AFIrLEBRE £ 8k L - & RTE B B OIS L NIBISIER & 18 & Lis
KREOIEGIEEE L DR HBTAYR L ORI RS U, (R E-CREREEIC R
it B EB R 2Nk U7 S RTE S R OA At oW TRET 3 L 2 AL
L7,

SHRIITEIR O E RSB DR ESNE DN, HEFTRICHET CT RELZ I
48 £ ThHD, HEEHRTFMHI—KRTMEES (T4 7 3—4 E) ZRVERD
LA, SETHREL D, RFONE LV FREBOSED S AN
BRI LTEBRKRE WD LRSS, £, WIS EREOEIT
BB RREOELOBEIC OV T, BRI E L oL REZZE L
T RAT o TR, (KRN D REE = XN ¥ —ROL(L & OBFEMENS R b K&
<. FHCEENEREE SHBIEINC R HEBTH Z L BT T L O R Tk T,
HATRRFZEIC 3V CEBNARE & NS RO BRIC E— B L - RESE LA TV
RN END, SHRABEOBMECLRFLEF L LT, SLADRNEBLETH

brEZLNRD,

A. BFRE®

[R>S < Y DD DESRE 2006 T
i, BESL D ORHIT, @ic23 =73
A X (METs * Bf) LA LOiEZR I S ki58) (GE
g - ATRTEE) 21TV, FDO5L 47 Y
YA RLAEOTERBZEE 1T Z L LR
LTW3b, £z, NIBEW*BEICHED &
BAH-HIZ, BIZ 10 =7 V34 XL EDOFE
BEAEMITDZLEHERL TS,
AFFETIE. LR L D A EEHIRE &0
ok U7z S KT B B O FFNIEEE & NsAE i im
BEhH & LA FEoREEE L ofd %
FABTRES L OMEMTEO ISR G L. BEEERZ TR
REEFEEIC T 5@ THE 2% Lz ik

EEEFMoF At YW TRETEZ &
R L,

B. FRA*
1. BFExts
KIRAFSTEERER T v Z — 2BV CHifE

CENTERERBEFETHD TR Y ATHRE

49

BT, AV AR OoBME 1224 (F
X 16 FE~FRK 19 4F) DI b, P hirE
ERARIHD LC 77— F D3> TR
RSN L7 91 4 Th D, NIBAEIImEIZ D
WTIIHES CT 57— & Dl - 1= 48 4 & xR
L L7,



2. HMEEAE

2 U KBTI, BAEE - BAGRR D 2 |l
HAGHA (&, KE, BMD . MEAELSF
BRE MavATFo—, HDL 2 VAT 1
—Jb, LDL aa LR F a—/)b, fHEfEhL, 28
MEREMAE, HbAlc, ZEIEREA A U IR,
HOMA f5%0) . IUEHIm~E, IHRMMmE.
M CT (WEEIPREE. NEBAE ERE. R TS
IFERE, V/S i), DXA I & 5 25 RIERS
WE (RREVE. BREEIFE. KAEDIR. kK
ENR) . EREY L ¥ —REOREER
SEFAZE (Food frequency questionnaire,
WBRR, ¥ —7 FFQ:LLTF. FFQ) 12X 3
BT ¥ —&, BV ¥—HRD
HEEZER LU, HEEHREOREIC IS
S REBNEME (AR5 B ABRE/L
TR AR & UL & KR BV E R AL
(JALSPAQ) & —RutMBEFHTHDHT A
7 a—F Ex4 BIR(X X A8 LT LC)
EERALLS, AR T LC OF—5F 0
HE RV, FEREEBIROREL LTk
HERT AL -8, KENXTY ORERET
ANX—8, EEE, B 3METs LLED
HRTEENRER, 3METs A LDz 7394 X
R a7 &#FAvi, LC DIEFEHEERR 420
SyLAE/R . B 2000 LA LR, A
EAEH 1 BEIC 4 BU LD AT
T DHEMB LT EITo T,

3. BRENE

OLC IZ & 5 HKES BEOE(LDOREFT
IEART & A% D H EIEBBISE DY

i, ZEHERZE, BZOWTHIGT T
IO tREER N -AEMERL RO,

QNI AR & & IS B HEEE & DB
(BEMTEIIRET)

S ARTO PSR & S TS B) LR
& DB DU CHARBISYHTIC X 1 BT
BT,

@y RTEBIHEER & S RFHRNE & OBSE (e

- WTRBRET)

ARIRICEIT D, FEEDHOREOE
L& & FET— % OEE L OEF#EIZ O
THAABESHTIC X D #2172,
@ RIRENE D EL X 535N A 7= NIERE I
DL B D HEE

HREHEBEOETREICLY 4 E5 1L,
SRHONBIEVEMOELEZ KB LT,
ONIBIE mEZE. FEERZE, RFED
MO mEB ST

WESIER RS & B RTEE) ORE % R
B2, RRBERTHLIREBZLED.
RAESTE2ITo e, REHFIX, FFQ ©
B X—&, BihoxrX¥—thfl
L7,
ONBIEEEEE WA R L Lo EER
5387 .

AR OB REEY BER S

L. BRI R RN ) ORINE

50

T RIVF— &, 3METs LA LD S RTEBIRFRHE]
BECEAHA L. REORELZEBRT
ANF—g, B~ ANV F—RICEZ
56 L THAS DY, BREOH (GRl#&
AWE) BT, FERESEREORTERES
LT,

4. HEE~DERE

AL, KR BERFE R 74—
RFEERERNEMRT D (R Y ATRE
B o—X (SHERENBRR) ORE
PEREE BTz, BEREETEOES
DHRDT-OBENICRBET IHIEEND



OTF—2#fATHZ LICBEAL TIEFE
D&Y #EFTHZ LT, HFRAEEEA
26 OMEA L FEB L KR SLEEER
FE Y GEEEZEROEAREET
W5, RE, BITICY - TiE., BAE
HREHBR LT 7 A AERICEBR LEFH
E{ToTc, £, BIEARIZLICT S
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Triaxial Accelerometry for Assessment of
Physical Activity in Young Children

Chiaki Tanaka,* Shigeho Tanaka,t Junko Kawahara,f and Taishi Midorikawa§

Abstract

TANAKA, CHIAKI, "SHIGEHO TANAKA, JUNKO
KAWAHARA, AND TAISHI MIDORIKAWA. Triaxial
accelerometry for assessment of physical activity in young
children. Obesity. 2007;15:1233-1241.

Objective: The purpose of the present study was to derive
linear and non-linear regression equations that estimate en-
ergy expenditure (EE) from triaxial accelerometer counts
that can be used to quantitate activity in young children. We
are unaware of any data regarding the validity of triaxial
accelerometry for assessment of physical activity intensity
in this age group.

Research Methods and Procedures: EE for 27 girls and
boys (6.0 * 0.3 years) was assessed for nine activities
(lying down, watching a video while sitting and standing,
line drawing for coloring-in, playing blocks, walking, stair
climbing, ball toss, and running) using indirect calorimetry
-and was then estimated using a triaxial accelerometer
(ActivTracer, GMS). _

Results: Significant correlations were observed between
synthetic (synthesized tri-axes as the vector), vertical, and
horizontal accelerometer counts and EE for all activities
(0.878 to 0.932 for EE). However, linear and non-linear
regression equations underestimated EE by >30% for stair
climbing (up and down) and performing a ball toss. There-
fore, linear and non-linear regression equations were calcu-
lated for all activities except these two activities, and then
evaluated for all activities. Linear and non-linear regression
equations using combined vertical and horizontal accelera-
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tion counts, synthetic counts, and horizontal counts demon-
strated a better relationship between accelerometer counts
and EE than did regression equations using vertical accel-
eration counts. Adjustment of the predicted value by the
regression equations 'using the vertical’/horizontal counts
ratio improved the overestimation of EE for performing a
ball toss. ' ' ' ’
Discussion: The results suggest that triaxial accelerometry
is a good tool for assessing daily EE in young children.

Key words: energy expenditure, physical activity, chil-
dren, accelerometry, indirect calorimetry

_ Introduction .

Childhood obesity is a health and social problem in many
countries, including Japan (1). Obesity in young children
leads to obesity and metabolic disorders in adults (2). There-
fore, 'a countermeasure of obesity in young children is
important. Decreased physical activity (PA)" is likely a
major contributor to obesity in young children (3,4). Recent
studies have revealed that not only programmed exercise
but also non-exercise activity thermogenesis (NEAT), a
component with large interindividual variability (5,6), can
prevent weight gain in adults (7,8). Because young children
are not usually engaged in prolonged exercise, it is impor-
tant to evaluate PA, and NEAT in. particular, in young
children. _ ‘

The doubly labeled water (DLW) method has been well
known as the gold standard for measurement of energy
expenditure (EE) under free-living conditions. However,
this method is expensive and requires the collection of
several urine samples. Moreover, it does not provide spe-
cific information on the nature of PA. In contrast, the
questionnaire (e.g., activity diary) and accelerometer meth-
ods are relatively non-invasive. However, self-reported
measures for PA may be difficult in young children. The

! Nonstandard abbreviations: PA, physical activity; NEAT, non-exercise activity thermo-
genesis; DLW, doubly labeled water; EE, energy expenditure; PAR, physical activity ratio;
BMR, basal metabolic rate; SEE, standard error of estimate.
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