T 2L E—RBoMEE(L

b M, EMO=KREEE BEE BYE 70508 PO AVF—2EBNT S,
I 7o, ETRHAME - AN, BEFE Kl BREEZE) ICERE LT, B HRE
) a—rrELT, ZAVF-REEZ TS, Thohb ATP R EAL, ATP
% ADPIZE#T A5 LICL ) A NVF—2RESE, HIUE BRI RLE—), M
BlmZ (BRI AVT =), WEER (bR AVE—), FERES (Bt r¥F-—)
REWERTET UL A%, TAVTF—RBE VI BIFEOE—FANIHE Y, ZAVF
—L, TOWRBEEZLZLIEHoTH, BPTHI LR, I THL,
IANVF—DHANE LTI, (k] (Fada—) | PEBREMATHL, LI LHAETII,
BAD [kcal (Fusny—)] BPEICHVLNTWS, &8, 1kcal=4184k] TH 5,

I ¥—ERBOERES

1H®) ORI ANF—HEE (total energy expenditure : TEE) &, —#%ICLUF
o D 3OOHMBERITKIE NS (£10.1),
| O ERRHE

MEEAREEC L 2 /N O Tk L — ASEREA & (basal metabolic rate : BMR) T
HaM, B, DTOSRKTHEENS,
4 12 BRI R od |
- TEHIBEML T, i O8ETRA H&/MRIC L7 IKEE
B ER (25CHE) T, LDEEDBIZA PV ADS R WERIRE

BMR &, RRIE UCHlERH2 SMBEEBBZITICERL CET 525, EBIE, 4H
O EEFEFT~BH L, To%%E#H (—RIC30 UL 2Ro72RICEEENS
N AN

TEE O TR KX 2BRESE, £ DAICBWTBMR THh 4, TEE # BMR T

= R R, R A S RS TR ST T

£101 e MIF VX —HBREORRENTVF

60 50 ~ 100 HERAZWY, METHHLTRE

10 50 EedbETHEL NS0, BAENLETEEErSrKEV
&) : 0~5 50 ~ 100 BAATE2 BREDESH EEML TV 3EE 30%5
BHLSNOSKES | 25~ 30 200 PALDAZBEAE (14~22) 24U 3ERER

Higid, BENGHREOBARN (RKR-VEFEER) B33, HLTDE,
BAZER, BERZHZVEIHTORERED > ORE, PAL IEHEEIL N,




&> THRD 2 HMAMEE LX)V (physical activity level:PAL) DA BT 5 EEMHIE, [H
AANORFEENEE (2010 FEH) ] 12BVTH, T FHRACBWTH LT BEELZEZ
BRTWB3Y, ZoroMETsE, RATHNIE, FHLTBMRIE TEE O 60%
BE2EDLIEEZOLND,

BMR &, 1, F#, F% (BEEER), FREBEAVEY, BEMEFEHZLICL-T
PEEND Y, FTYH, KIEOBESKE WD, [ARAOESEIGEE (2010 £H) |
T, M- FERRERAC, ERAHEEE (kea/kg KE/H) 2SREATVS (E102) Y,
7o75 L, AT, EREEMICBOWTHEBE L EUES—FT L LI ICRESH
TWho ZD7:9, BEPLRE INNTMFRIIBNTE, HEEREVPRE LS, flz
2, HAATY, EHEZCBCERRHEXEMEL2H 5L, BMR 2 BKFET 2 7,
F 2R DBE4A, M BMR ZB/NHET A2 L1k B,

HARABRAZ S S E UCIER S B - REMEHFORXY 13, BToLBYT
H5o '

BMR = (01238 + 00481 xfK&E [kg] + 00234 x FE [cm] — 00138 xE#h 5]

- 05473 x{EBI*) x 100074186  (MEH* BH: 1 &H: 2)

BMR 3EAE L Y bRIEHE L B EESAONE -0 P, BREFELHWEERD
CBELBEEINTWD, E5I10, BEFICBI) 5588 BERoZ AV F—R#E (keal/
kg/H) 12, &M - BBOBEZHITALELILIZX o> T, BMRICHT % &6 -
BRoFEsE b s " BMRIZ, HAOEREZRPRICLIZRETHESN S D, B
PRI LS %2 D 5 BRHGPRHFICHEE T LI ANVTE - 20%EETH L, €
D, B B DE BERCONBIRELREESE SO TS (8103) 7, #iZ,
BAAK - BEROEEXNEL, BHMOLMEE - BEFEO ANV —RFFLHITELED
L, —BREEARPEIRFIIBNTD, BMRAVNIWEETHETE LI ENHES
NEhoTwns ¥,

%10.2 ¢ BRABE (EE%HE, 2000)

15~ 17 27.0 58.4 1580 25.3 50.6 1280

~18~29 -~ 24.0 63.0 1510 22.1 50.6° 1120
30~49 22.3 68.5 1530 21.7 53.0 1150
- 50~69 215 65.0 1400 20.7 53.6 1110
L 70RLE 21.5 59.7 1280 20.7 49.0 1010
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£10.3 ¢ REBICHITAWBUIRZINF —EEE (FE 70kg DEESRM) (Elia, 1992) 7

FHEDING Y FIHE, BMR OEAEIRIEFEICKE , TEE OBEAZORRDERET
bdHbo —HT, FEIRENZ, BMR DT Y FEERIZERE L AwED VLB MY,
O REFRIEFRELE

HHIZ, FELTEYWZHEL - B - BT 57-DICADNIHEEIL, F U7 EE
BRL-BICHEECTCHS (BRLAZZAVEF—DH20~30%). 207z, RE [HFE
ByR9fEM ] (specific dynamic action) & XN T& 4, LAL, HWERREZEBRLZY
BIDEEINSE (FNEN5~10%, ~5%) T e2b, 5t [AEFREREGEAL
(diet-induced thermogenesis : DIT, @ %\ id thermic effect of food (@ %\ i meal) :
TEF (A WViZ TEM)) & XidhBZ P, BRI ANVF—DOBLZ 6~ 10%EE
PEEFHEABEEL LTEBShBEEZORTWS Y,
® EErBE '

BEEBICE AV —HEE (FHRAHNE) 113, FTPEHI LAA, FF
RHEL LB BEMERCEBEORTE (BMNEROLDOHOERLZEDEEND) 2 &,
BeA RHEEH 2 ) EROBKRFEHICL 2 ANVTF—HEENEENS,

TEE % BMR T#lo72 PAL &, BHREHEOEERTHY, ARV EBFRLEFEHHESE
TR TH, PALIZ 144522 (~25) RiBOKVHE ST 5" BMR &
1400kcal/ B, BEHEFREMARMELEL TEED 0% LT 5L, COPALDONT Y FIZL B
EEIAIHR OIS, 5 X2 350 ~ 1400kcal/HICHIE T 50 ZH— i XOEBIE, v
BV 300kcal/ HET# 72, £ DBEETNLUT THBLEZONLDT, EHLUSN O FHKFE
Bz L A#GEAL (nonexercise activity thermogenesis : NEAT) dRKECEBMLTWS &
Zions W,

IXVEF—EREOFME
IANVE—HEBEBOFMEX, UTOXIITKNTE S,

© EiE%
ARIIWHREOHFED 5V ITAE T HBRE - 0T 5O EBEEICHST S, HE
BENOWBREOERIZMAKEOELLFZEL, INOOBME L TZANVF—HEES

e

00



T 5, LaL, BEFIKNE,Y T, HHABRIREENL2D, REIXIZLEASHER
STV,
@O EiEx

IANF =, EAMTE, EYroRMY) CARKREZEVPEREIOL, —BbRETE
55, BEENE L “BMLREEEE, BLUORBEZEVEREICAELANIE, Zhb
DIEFERIZEDT VT, ZLDOBE 1 BBRENZNUTORETIANVTF —HEEIHET
X5, Hl21E, BbILFBEENS Weir %213, UTOEY TH 5o

IHRVFE—HEE (kcal) = 3941 X BEEBIE + 1106 x ZBILREELE
- 217 x RAERINEE

Tl ZREEZEDIDL, BRI ALVT—I0EDLY VX7 BEOEARIMBEHEEL T
Who ZIT, FUNIEDEDLEE R 125% LIRETH L, D Weir OFUILLT D
X5k B,

IRANVE—HEE (kcal) = 39 xBEENE + 11 x “B{LRZELE

FUNRNTBEDOEDHLEEN20% e KRELMRZ D L) BB /o BEETHo72D,
BMLUWEBTICRELZY L, RPEZEREEZER LAV EICX BBEDE
I 1 %KRWETHY, BESHZETTOIRANVE—HEBEZ TICERICHEST S Z &8
T&5,

MEE, EEELERTHEICERBTE S LIS, §RONMNSVWREICEDSHTED,
EEFEICLAUELIEFTICLILS—ET S, L2d, A VF—HE (WEE - JBE) OHEE
DEHEDPTEETH Ho L72WoT, Lonh & LIRS ITThbhsDTHE, FE
WCIEHEP DB FETH 5o
Rlurxi¥—pEBE (TEE) OFM

1HHAWEZFNUEOERBICO2ZANT—HEEZHETHIE, UTOLH
RBEND Do
@ TxILF—RBEAEE

La— AR A=F=HBWIEAIR) v 7 Fy o=l dlidhsd, AP
B~ EEETE BME WPy B, M LAY &, FRARESHES EOMEHE
BRENEZ IR TH D, BHNOBEBL U EBLREOREL P LEONIBENESE
BIUZBLRFEEEI )V I ANVTF —HEBEEZHET 5. HEREIL, YRR ERES
THIERL, BERTHREI, HAVIE—EOERHEIC Lo TRITILRNTE 5,
HEgmE L S REaemr TR I nE, BEORBOT T, BEMUEICER
IALVF-EBEEL, HROEMIUET LI ENTE S,

272, EEOHEFBENICREEINS O, MAOAFEERZ R LZE% D TEE
CWEFERL L, Lo T, EBRNICHRLABEOEGT (BENE, EF, FoM0=E
WEHELE) CBTAIANVF-EREZWELLD, hoFEORLEEZHRET LY T
HOICHHEINS,

10 TRILF—RBOIMBHE(L
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Lotz

@ —EEHKE

ZHEZEH#IK (doubly labeled water : DLW) i, &K% (0) LB%E (H) ORERM
FEEHWTZANVE—HBELZHET A HETH S, BRETIE, HEAFBIIBI 2%
NVE-HBEOUTENDI LRITEHTHALENTVWE Y, PAYH/ AFFRHE
WKBIAEFENEEOIANT—LERIX, DLW EICL VSN A NVT—HE
EOHEZERIZKRESIN TV 5,

DLW #Tid, BFEIRELBEEZ b2 WERERMATH S 0 L H %2, BHAR
WHEETH HEID DL IEGK (TEERK) 2EIT 5, BEoKGO—5H (R, E
WL ZHEWMLTHELNZZNLOPEHERD L LR EDOELEE, SHICERNL
EYMOEERBL 2 E0oHE L -FEREY AW TREENELZ KD, T VY —-HEE
BT 5,

DLW T, WS s HF I "EE#SK (DLW) 2EIRL, RPLERER DYV
TNWERDLDMRT, BEOHFIZFE o7z hwvizd, HALNBREER, BiE kSRR
WNBENDBFEHAPRETH S, —HT, 1~2BHEDFHDOAINF—HEELZNET S H
EThh, TNIVEHHMOI ANV -HEEZHUET A0 ELS 2V, 72, P00
itk m <, BERIMEZH W oM BEHECE 2V &0, SHONRBEOWER
REFRELR OB TOMEICIEZE Chiv, TEE OHEREIX, A VF—RHHE
EREEL LGS, HBE - BELDI-RICE5%EETHL Y,

@ DBk ‘

DA, B ~BREOEEICBNT, TAVE—HEBEE L IEOHBEA LIS,
ZIT, MIDLHETE=S — 2o TI HU LI hzo TLHBZWNEL, 560 LD
BABNAER L TB W r W F—HERE L OB E OB ZAVWTI HOZ AV ¥ —
HEEBZHEETAI LD TE S, DHMEBREREEE, TAVT—HEELIL, FERED,
NP EOBHBRETHIUL, 240 BOHENRLNE, L, 20—5T, HEE
EOKED % HDBEBEDIFHFICB LTI, TANVF—HEE L OABOBBRNIZE
AHEEBHIT, HEIEEEVZYD, EEBRESELSL, T2, FICBEHMEESEL/NEOE=
F =R BEEHONN N R ECER T A2 LI X DR, EETZAHIBRT AW D
HEVHIMELHDH, S HITMAKER, SIS 2R ) OFEEET S,

O IEEE

MEEORESIBZANF—HEREEEOMBEPHHZE2FALT, TAVF—HE
BEYHEETLHIHETH L, —RICEBICEEL, TOZEFHTT7I2520T, RREZ
L. BEFO—MBB ITHEHEFOS T LETHmAZT (1K) OMEEFTH S
B, SRICOMBEET b H B 72721, HEWEREOFERHZIILO, Bz TL
ol oTnAIEESR, WEEAVKEYTALELRY, MEEOKRX XX, LT LT R
VE—EERBLTBLEVIEDRH LW, 20720, EEEEZMTWICEMT 5121348
WMEFBEERDD, — K1 BOTANVF—HBEZ /NS 2EmICH 2 577, 4
ZAE, SRILDOAEBINEE L BWEEREORREZR LS9 7215 L, R=L&EiFR



PERARISSTREERLRIERECHEET S (F101) %, 7272 LEEFNEKFEFA
DOMBEDOHZ AW CTEEOFEFELZHNT A LIZLoTC, REREZDLIBEENETS
TENTEDL (K102) %0, $72, MEEFHOBEICL - THEDHIE, G TIiREER
EICREZEVDRSHDELDHIZ, FELCRMEOEERIVETHS P, 20720,
AT HBICIE, SREFCHEE L CORBEERICIRA S Z LS TE 0%, FFIHER
TELEND 5o

@ £EFHRRE :
FEHNEEZ AT 2 IBSEIFEL, FRPNOBEERO AV F—EEEY, Ay 4
VERP RLEAVWTHEEL, TRAOENETAILICI- T, BEHEIBIIZZAV 12

BB OB RO O B |

FLE (BEfL)
FLE (32h1)
Bigh ¥
Joy oY
&HI7
FEER S %
R—ILE T
EfT

OPD@XOF D!

i
H
i

TP

s

0 © 400 800 1200
BRIEE (mG)

B 10.1 @ PAR &EARINERE & ORE (Tanaka et al, 2007) '
PAR (physical activity ratio) 1Z/EEVRE 2 RTIEET, ERAHELZ 1 & LABRIS, ZOMMFIC
&) f: 6 f)‘ %ﬁ%?o

(%)
50.0

40.0

RN THRERORZE

-200-.

-30.0-

PR ,
K=

-40.0+

-50.0-

10.2 ¢« B4 REHICHTIREMETREOEE (% difference)  (Tanaka et al., 2007) ™
ERINEE CBBETLEBVWTHEL
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BB WET L HETHIEFAFICETABRMEADNIFHATELZ L2 D,
IANVF—HEE - LEEOHEL L, BEAKHABEINTE L, 72720, —RIZERD
FHEICITRERBEEILVDON, EACBIIAHERZII IV REVWI LIIEET
HLERHB P,

G ILRDBIRINF—HEE (TEE)

LB (0~24%H) ® TEEWCE LT, FAO/WHO/UNU (EB#EAAIEEBERKEE
HR RN ERESKSE) 13, DLW B W cHRE S NBRICEDE,
%, F&h (B#), AE, BHEL TEE L OBREZRET L. ZOHE, BAXEROLA
B# D TEE X, REZTEMIERETIROERNCTHATE, TS0 ERE N
ZATHEEHERIZEALEDL oz BELTWE Y,

BELEER  TEE (kcal/H) =928 x#FE (kg) — 1520
ATH52#R : TEE (kcal/H) = 826 xfFE (kg) - 290
— RIS AT KRR, BARBRLID D TEEDPS NI EDBETILEND 5,

| ZWABE (BMR), SHEHLAL (PAL) OEREIL

EBERH BMR) EEMEIL, ZHEI VBN BRELVEFEEOFFPKE Y (F10.2),
BIRIFECTHIET AL, ZEPRV/NEL2ED0O0, ZOEMIMHEHFEINL, TOHIC
DWT, Mk BEREEL ZINLOIA VT —RBELZHVRETVD D, COKRICE
BE, BRELEERALDOBICERZALN P72 (B103)%, 20XH 2, BAK
BUHME - ERMICX 2R, B BREEEOEVNTBBLEHEAIOL, T4bb, £
R - BERORBEOMAZIIENIZIEREL LWV EEZ LN, ;

—7%, FEEEIZAEH»SRAETTRESBDL, BAIHROEFUT Lo T
Wb, TEBITBWTEMRBELEMENIREVRICH LT, Hsu 525 - BEFEELE
BLBFTZToTwa®, #hickse, FEB (93 = 178 OBEIIHRA (260
+ 187 LHELT, BREHEICH L TRBRABENFEEICKREP o2, TORED
1201%, FHPHOERRIAZWI L THoTz, LA, MMl WHRER BIU%KK
MR- ZHRE - BSORBE» OZHRRBELHE LS, BALELRY, EHED
5% 299%cal/Hd K& o7 (E10.4) ®, PEXY, FEBIIBITLLEM - B0
INVE—RERIZRALBR o TVRAEI LRI PHZ B,

EHEE LV (PAL) &, BB IIZ B RIEEIE2 TR, BEFRMEMASES (DIT)
DEEBLZT B, LA L, DIT IR A NVF—4EE (TEE) 0 10%BEL S5 LI IC,
BRIEBHENS\VEDIT b kXL kb, $72, DITRAFEONS VR (F 7 BDE
ARE) ORBEIZTH—HT, FHEIICETIAREID LV, 22T, DTFIKHX3
PAL OEREIZ, FICHEFEEEOERELEEZELONS,

[HANDOEEERLE (20104FEH) ] T, FELDPALEZWRETAICH72- T,
DLW B THE L HEICHET 2 RH L Ea—3frbhTwnd (K105 Y, RAJE L
TBMR ZEM L 72 HEICBZE L THEINRESINTWEDY, TOLH) LB %,o725

Ldoe
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10.3 & REMHKHEORAE L HEBNBFR (Bosy-Westphal et al, 2003) *
RRIERFE (A), BHEME - WREE (B) » SR,
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£ B
B 10.5 ¢ FEBICH TR BEBEEILAIL (EEHEHE, 2009)°
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Lo

BARMOLIRIZBWTIE, BMR OH¥EEEE W T PAL ##HEL-HMEDFIAHL T 5,
ZOREE, PAL OFIHMHEIE, 1~2/%:136, 3~5m%:147, 6~7m:157, 8~9&k:
159, 10 ~11#% 163, 12~ 144 : 166, 15~ 174 : 176 T, 4Ephs & WM T 5
EEZR L2, SNOHDEIZESTNT, FEBDPALIZE 1047 DL )2k oT 5,

6 U, PAL OANEZZETAH2DIC, KAERU3IXGERoTW5S, 127201,
INHEDF—FDIFLALR, BERTELNDDTHY, BERAP, AEFORELE
GFERATOEE, AR—YE2ELCECECHEH L L, BAROTFE DA OEFRRAIE
BEND DTV,

ZRIIH LT, BRABLIES I, PALICKRE LB ALNS DIF Tk v, Black
BIz& B &, PALBEMOHAR, 13~64 IOV TIRIFIZ—ET, FRUMEZNLL
BIFEL 2D, BHEOBER, 18~29BBE—2 T, 20BERITS, ELTws ),
Roberts 1%, F¥35 &, 104ETPAL #8007 T 20> TW5BDY, 205D 5 40 ~ 50 %
CHWEZDWTEPRY—FLATLIN
EEZTWDE®, ¥51Z, Speakman b % 10.4 o EBEHERICA L SEEHL ALOBS T
i, 52 %A 5 PAL 2T B kS (%#%ﬁ) (B35S, 2000)?

I i

REFTVE (®106) 7, 135 -
PAL &, HIZERL WY EWENL 1.45 -
B D, EFRRICL o TRE 2R 155 | 175
WAH B E DS TH D TDD, 12 lz
[HAAOEHEBRER] 12BWT D, P
60 HZAFE TlE, —ED PALZEZ T 1.75 1.95
B (£104)0 22721, 70U EOMHE :2 2%
T0MRMEZNIEERE 52 VDI, 1500
B L7 T0@ERAEEZFLE LT — 1.70 1.95

10 20 3 40 50 60 70 8 90 100

K 10.6 « BEFHL A (PAL) DIMEZEL (Speakman and Westerterp, 2010) *




s

I PSEMLTWA S L ICHETAREND b, BledbIF LI L a—lckby, & @ ;
4 L b 60 ~ 70 HAE LRI B 1T PAL 25443 & LT B, LanL, 90 HAt §

2B LT PAL PHMEDHRE SN2 BRIE L DA TEEIC D L h o720 ZRICE B &, §

90 B PAL I EVBR AR S NTze F72, EIL7EEED PAL IZFH 16 Th o 7
oL, WRABEE 14 LEL Ao T, z
e I #
i@Ix»#—MEE = g
O ITxF—REELIE ]

IHAVF-RERE, FIC [TAVF—ERE] »5BLN2, FLb, HF BAF |
DEEE, ELICRERBRAL LCETANMENMD S, TRVF—ERETRVOI, E
UTD200HEIZL 5,

RERRETHNE, WELESETOIANVE-2ERLT, KRBT L LEN
HDHTD
CIAOVE—EBRER, —RICGBNFHENS 2 B

BATIE, BESEEREES, TAVE—HEELEROIANVE—%ERNT S &8
YE L, TABEOIANE-LERLE LS, ZREHL, BREHTHLTED - LR
T, BIAVE—EE (TEE) KA T, HOOREICLERMERENSICHYT
HBIANVF— (A NVF—EREE  energy deposition) &, ZOEED /OO T RV F
—PUETH L, TNODI L, HBEEOZDDOTFINVF— i TEE IZ&TN 5%, T
ANVF—ERWBETEE CEEINEV, 202D, LA VEF—LERZRD 51K,
TEE I ANVE—ERBEE A B LEND 5o

g TIX, 0 TEE (BEOTFLF—HEECKEOBMILRO 7200 L 3L ¥ —
Rad) AT, BEORE IS MBOEMS (&R vy Bosng) i<
MUTBIANE— 2R 5, T/, BIABTE, BARO TEE BLEEART 57
DOIANF =R ERED) ITMAT, BAOZANVF—PHRERDIHETH A NF
—%, ERTILENDHS Y, 2070, BRPBEAROTINVF-DERLRDHIC E
H7zoTik, TEE AT, MEBOMRICHYT 2T AVE—42F 2 2T NER SR, b

IANVF—LEE= TEE +HBOBEHICHYT 5 AV F— :
@ EEIXNF—HBERE :

THANOEEBEIEIE] T, TAUS /7 FFOREENER® LEC, e f
FIVEF—LEE (estimated energy requirement : EER) & WIHMEIEH SN TWw 5,

BADKERET FVF—BER & ix [SFER, 1, 48 KEFE BLORERRER
BhbEVEEENEZATAANCBNT, TAVF—IE (RAOHEE, TiLF—iE
8- L AVE—EEE) 0 (0) LRA2MEFELE AL LHERSND, BIEN
HIAVE—EBRED 1 b)) OFHE] LERSNL, YHEAOTFLF—BIE
PREELANF—LEREOEES, FOBADI AN —BRENSEO IRV F—LER L _
0BT BHEHA50%, BN BREEAT50% £ 7% 5o LA F—HEREAHEE L )V j

1011w#—ﬁ%®mm£¢-::j§l@“



F—PEREIVLRLTHEL T, TRVF—IEHIAEIETH B HEFIZFEREICHEM
T 5

BADEE, DLWIEICX Y PE SN BRADOFIEN % TEE 2 betE 3N HFE
gL ~v (PAL) 2HWT,

e AINT—LERE (kcal/H) = BMR (kcal/H) x PAL

ELTHEZELTWS,
@ IXINF-BHEEORBICLLDEL

EBCHEML 2RS0T A NF -, EREL L TERTHLEND b, Hilk - BiF
BEEOWEIME, HIEHCHR, WBEEDF VN7 EOM, KD, IATNViEETHERS
Nbd, TNBEDI L, ZRXANF—%EFTHDIL, KIEE Y VRV ETH D, FEEIZON
Tit, BELLDIHPHIBICHTRENIBIETE 2200, ZORFIBRATER
500g 55 (2000kcal §§) & IEHIT/HE V-0, ZRTHILEIRIZEAELV, 22T, £
BB AHREL, 20OHRICEDLEEECY V2 BOERD L, BEICHE) KERM
g BDIFINF—FE (keal/g) &RKD7-¥, #LC, REABEIOGFHEL-1BHY
DHEEENMEL OB, DS, 1HSYOIINVF—ERELROLOPE 1057 ThH b,
IANVT—BERHBEOMELASL L, £EMD %13 100kca/ HE B2, FEICKERfHEL
oTBY, TAVF—LEEOPIZEDLEEDIREV, LL, FEESHVETIZ
X, ABMICRAL, 203, BRI 0kca/ BEE T THMT IO KR L, K&%
EENI V. 72750, ZOMEIE, BEOANS— VPR BEAZFEHLZLORDT, E
Bix, BEOAN— MWD IPLKRELRETE LI EEZLND,

#10.5 ¢ &F

ICHESHBREMAPOIZNE— (TRNF-EBE) (B43H%E, 2009)°




B resosuznony

KEROT LD, EH) - AR—VZEHNIIT o T WnFEHTid, RAZREL
T, Vad¥vrews—Fr /0L h—E0E8 % EREEENICT Y 2 & 3d kv,
6~10DOFEDZMRIZ, BEFICL) HEEBT BT HEERMOSm LRI L
WEICL AL, BREERIDTHY, BEHIHRNThH-7- (®10.7) P, 20720, #l
ZIIMBEFEZHCTCFEDOHREHECIEBT AHE10E, 25X HVERERT
Fe3 R Lo THVRIEI N, BEEHOBME L) B L EAFTRE 22, 3
7o, FEDDBAR, HFoTEETAHDITTIIRTD, BETFOMIZL T, HEY
BRREDFRIEHEMED ZE0h b, TOED, %L ERICEHET 2 LEXH 2 9,

T sEREOEHER

@ FERHERE

IRBIE, 100 B LDO/NEREZEOEFEZ ISR L L THE ENHBOFERERE
BETLTWB T, 2nick sk, 1980 E1215 5 N7 fEDS 14000 AT #~ 21000 & &,
PRYREDPS DKL, 1990 EADFITLIEIE, 10000 Z5RDOTFIGEDI L D5 ES
NTWb, —EDWNZREFTIE R0, HisDERBOENELZ L TWATENEH S &,
BIO, FEENCOBEIC X o TRREN R T HL L P ICEETALERD S, T0
7280, KRB Z X TERVA, I IAHENTHERIRDS LT 2 HAM DN S,
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Validation and Comparison of 3 Accelerometers
for Measuring Physical Activity Intensity
During Nonlocomotive Activities and Locomotive Movements

Yuki Hikihara, Shigeho Tanaka, Kazunori Ohkawara,
Kazuko Ishikawa-Takata, and lzumi Tabata

Background: The current study evaluated the validity of 3 commercially-available accelerometers to assess
metabolic equivalent values (METs) during 12 activities. Methods: Thirty-three men and thirty-two women
were enrolled in this study. The subjects performed 5 nonlocomotive activities and 7 locomotive movements.
The Douglas bag method was used to gather expired air. The subjects also wore 3 hip accelerometers, a
Lifecorder uniaxial accelerometer (LC), and 2 triaxial accelerometers (ActivTracer, AT; Actimarker, AM).
Results: For nonlocomotive activities, the LC largely underestimated METs for all activities (20.3%-55.6%)
except for desk work. The AT overestimated METs for desk work (11.3%) and hanging clothes (11.7%),
but underestimated for vacuuming (2.3%). The AM underestimated METs for all nonlocomotive activities
(8.0%-19.4%) except for hanging clothes (overestimated by 16.7%). The AT and AM errors were significant,
but much smaller than the LC errors (23.2% for desk work and —22.3 to —55.6% for the other activities). For
locomotive movements, the 3 accelerometers significantly underestimated METs for all activities except for
climbing down stairs. Conclusions: We conclude that there were significant differences for most activities in 3
accelerometers. However, the AT, which uses separate equations for nonlocomotive and locomotive activities,

was more accurate for nonlocomotive activities than the LC.

Keywords: algorithm, metabolic equivalents, daily activity

It is well known that physical fitness and activity
confer numerous health benefits in the prevention of
lifestyle-related diseases.!? Physical activity energy
expenditure (PAEE) can be divided into exercise-related
activity thermogenesis and nonexercise activity ther-
mogenesis (NEAT), with the latter consisting mainly of
energy expenditure (EE) of low-to-moderate intensity
during lifestyle activities.> Levine et al suggested that
the EE due to NEAT, including nonlocomotive activity,
is much larger than EE due to exercise throughout the
day and may be an important factor in the prevention
of obesity.* Therefore, it is important to estimate EE of
daily activities, including locomotive movements and
nonlocomotive activities such as household tasks and
occupational activities. As Westerterp indicates, PAEE
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of nonlocomotive activities accounts for more than 50%
of total PAEE.>

Recently, various types of small and lightweight
accelerometers have become available for assessing the
amount and intensity of physical activity (PA). However,
these devices use different algorithms, which depend
on the number of axes (uni- or triaxial) and predictive
equations for PAEE and intensity.6 The usefulness of the
Kenz Lifecorder EX (LC; SUZUKEN Co., Ltd., Nagoya,
Japan), a uniaxial accelerometer widely used in Japan,
for assessing PA intensity and PAEE during locomo-
tive movements such as walking and jogging has been
reported.”8 However, total energy expenditure (TEE)
calculated from the LC data significantly underestimated
by 20%-35% the TEE measured by the doubly labeled
water method in Japanese men.*!? We speculate that the
most important reason for this underestimation is related
to the algorithm of the LC accelerometer, which was
designed to assess PA intensity during ambulation. The
LC device determines PA intensity from the frequency of
steps and the degree of vertical acceleration.!! However,
if some PA such as household work does not involve a
sufficient number of steps, the LC instrument may not
be able to accurately assess PA intensity.

Triaxial accelerometers have also become popular
devices for assessing PA intensity.'>-!4 Nevertheless,
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Hendelman et al indicated that the regression equation
used to predict metabolic equivalent (MET) values based
on locomotive movements had a different slope and inter-
cept compared with regression equation based on nonlo-
comotive activities.!? Thus, when an equation based on
locomotive movements is used to predict MET values for
nonlocomotive activities and ambulation, there could be
large prediction errors. Midorikawa et al tried to resolve
this discrepancy by separating nonlocomotive activities
from locomotive movements using the ratio of vertical to
horizontal acceleration.!? That approach contributed to a
small difference between predicted EE for 10.5 h and EE
measured with a metabolic chamber. As observed above,
accelerometers are gradually being developed with new
specific algorithms. To date, numerous epidemiological
studies on physical activity have been performed. Some
studies used several different types of accelerometers to
assess PA.1>16 Since each accelerometer has a specific
algorithm for estimating PA, it is difficult to compare the
results obtained from different accelerometers.!’

The current study examined the validity of 3
commercially-available accelerometers to predict MET
values focusing specifically on nonlocomotive activities
in field conditions. The accelerometers included the
LC device, a triaxial accelerometer that uses 2 separate
regression equations for nonlocomotive and locomotive
activities, and a triaxial accelerometer that uses a single
regression equation for all activities. We believe that these
discussions might help us understand data of various
accelerometers accumulated in epidemiology.

Methods
Subjects

All subjects were recruited through public applications
and had no physical impairments that could affect house-
hold and locomotion activities. All subjects were fully
informed of the purpose of the study and written informed
consent was obtained from all subjects before the begin-
ning of the study. This study was conducted according
to the guidelines of the Declaration of Helsinki, and all
procedures involving human subjects were approved
by the Ethical Committee of the National Institutes of
Health and Nutrition.

Anthropometry

Body weight was measured to the nearest 0.1 kg using a
digital balance, and height was measured on a stadiometer
to the nearest 0.1 cm. Body mass index (kg/m?) was calcu-
lated as body weight divided by the square of body height.

Instruments

Lifecorder EX (LC). The LC (size: 72.5 x 41.5 x 27.5
mm; mass: 60 g, including a battery) was worn on the
hip with an attached belt. This device was a uniaxial
accelerometer with a sampling interval of 32 Hz. The

LC output was a PA intensity score that consisted of a
scale from 0-9 (level O: rest; level 0.5: micro activity;
level 1-9: movement). The intensity of PA (level 1-9)
was determined from the frequency of steps and the
magnitude of vertical acceleration that was categorized
into 4 parts with 4 thresholds [threshold 1 (TH1): 0.06 g,
TH2: manufacturer’s fixed values, TH3: manufacturer’s
fixed values, TH4: 1.96 g]. The LC device registered steps
when the vertical acceleration signal exceeded the second
threshold or when the gap between the pulses was < 1.5
s.711 An activity eliciting 3 acceleration signals during a
4-s sampling interval was recognized as PA, which caused
the grade (level 1-9) to be computed. If this condition
was not satisfied and vertical acceleration did not exceed
TH?2, activities were considered by the LC to be micro
activities (level 0.5). The LC intensity data output (level
1-9) were entered into a previously published equation
to predict the MET value.” The equation was as follows:

MET =0.043 x a2 + 0.379 x a + 1.361
where a is the LC intensity.

ActivTracer (AT). This device (AC-210; size: 48 x 67
x 16 mm; mass: 57 g; GMS Co., Ltd., Tokyo, Japan)
is a triaxial accelerometer for detecting movement in 3
dimensions. It was able to obtain 3-dimensional accel-
erations every 4 s with a sensitivity of 2 mG and using
a band-pass filter of 0.3-100 Hz. We calculated the syn-
thetic accelerations from the following equation:

Synthetic acceleration = (x? + y2 4 z2)05
y! Yy

where x is anteroposterior acceleration, y is mediolateral
acceleration and z is vertical acceleration. The synthetic
acceleration was inserted into the formula reported by
Midorikawa et al to calculate the physical activity ratio
(PAR).13 The PAR was then divided by 1.1 to convert it
to a MET value because resting metabolic rate (RMR)
in the sitting position without a meal was 1.1 times the
basal metabolic rate (BMR) (RMR: 0.99 + 0.177 kcal/
min; BMR: 0.89 + 0.19 kcal/min) in the current study.
Although Midorikawa et al adapted their formula for
sleeping metabolic rate (SMR; ie, average metabolic rate
over an 8-h sleeping period),'? we confirmed that SMR for
adults was approximately equal to BMR.!8 The equations
of Midorikawa et al were as follows!3:

PAR =0.0123 x b + 1.7208 (House work)
PAR =0.0081 x b + 0.9234 (Walk)
MET =PAR /1.1

where b is the synthetic acceleration in mG detected by
the AT, Midorikawa et al reported that this device could
differentiate the activity level from “housework” to
“walk” based on the ratio of vertical to horizontal accel-
eration (housework < 0.750; walk > 0.751). Therefore,
we followed this procedure and predicted MET values
from these equations.'3

Actimarker (AM). The AM (test model; size: 60 x 35
x 13 mm; mass: 24 g; Matsushita Electric Works, Ltd.,



Osaka, Japan) was another triaxial accelerometer. It
obtained 3-dimensional acceleration every 12 s with a
sensitivity of 40 mG at a sampling rate of 20 Hz. We
calculated the synthetic acceleration from the following
equation:

Synthetic acceleration = (X? + Y2 + Z2)0-5

where X is anteroposterior acceleration, Y is vertical
acceleration, and Z is mediolateral acceleration. A predic-
tive equation was obtained from the relationship between
3-dimensional synthetic acceleration and oxygen uptake
during sedentary to vigorous PA, including nonlocomo-
tive activities and locomotive movements.'%-2! The fol-
lowing equations were used to convert 3-dimensional
synthetic acceleration to EE:

Kcal (min) = ¢ x d x BMR (kcal/day) + RMR (kcal/min)
MET = kcal (min) /RMR (kcal/min)

where c is the coefficient and d is synthetic acceleration.
BMR was estimated using predicted body surface area
(cm?). BMR was calculated from body weight (kg),
height (cm), sex, and age using a formula for the Japanese
population standardized by multiplying by a standard
value (kcal/m?*h) corresponding to age (5th edition of
Recommended Allowances Dietary Reference Intake in
Japan).?2 Moreover, BMR (kcal/day) was multiplied by
1.2, which is the ratio of sitting RMR to BMR in AM and
includes diet-induced thermogenesis, and then divided
by 1440 min to estimate RMR per minute in the sitting
position several hours after a meal.

Procedures

The subjects visited the laboratory early in the morning
in a fasted state. After the study protocol was explained,
anthropometric measurements were done. Next, they
were asked to rest in the supine position for 30 min, and
then BMR was measured in the supine position and RMR
in the sitting position. The subjects performed 12 physical
activities that included nonlocomotive activities such as
desk work, vacuuming, hanging clothes, washing dishes,
and moving a small load (5 kg), and locomotive activities
such as climbing down stairs, climbing up stairs, slow
walk (55 m/min), normal walk (70 m/min), brisk walk
(100 m/min), walk with 3-kg baggage (70 m/min), and
jogging [male (140 m/min), female (120 m/min)). These
activities were chosen as representative activities of daily
life and were based on our preliminary 3-day observa-
tions in free-living conditions. The preliminary study
was performed using the activity records of 93 subjects
who lived in the Tokyo metropolitan area. MET values
were measured during all activities. All subjects wore the
AM on the right waist and the AT on the left waist sym-
metrically. Furthermore, the LC was placed diagonally
forward right of the waist according to the instructions
of the manufacturer. These accelerometers were tightly
attached with a belt during each activity. According to our
unpublished data, such a small difference in the position
of placement does not systematically affect the results.
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Before the experiment started, the accelerometers were
synchronized using a wave clock for reference.

Measurement of BMR and RMR

After we verified that the subjects had fasted, each subject
was fitted with a facemask and breathed into a Douglas
bag twice for 10 min; the bag concentrations of oxygen
and carbon dioxide were analyzed by a mass spectrom-
eter (ARCO-1000; Arco System Inc., Kashiwa, Japan).
Oxygen consumption (VO,) and carbon dioxide produc-
tion (VCO,) at rest and during activity were measured
using the Douglas-bag method. Expired gas volume
was measured using a certified dry gas meter (DC-5;
Shinagawa Co., Ltd., Tokyo, Japan). EE was calculated
from VO, and VCO, using Weir’s equation?:

EE (kcal) =3.9 x VO, + 1.1 x VCO,.

Measurement of PA intensity

Measurement of each activity began after a preliminary
period that was needed for subjects to reach a steady-
state condition. The times needed to collect expired gas,
which differed between activities, are shown in Table 1.
The method for calculating the EE of each activity was
the same as the method used for BMR and RMR. To
calculate the MET value, EE during each activity was
divided by the measured value of RMR.

Statistics

Statistical analysis was performed using JMP version
6.0 for Windows (SAS Institute, Tokyo, Japan). All
results are shown as mean + standard deviation (SD).
Pearson’s correlation coefficient was used to evaluate
the relationships between variables. One-way analysis of
variance (ANOVA) was used to compare measured and
predicted MET values, and Tukey’s HSD test was used
for post hoc comparisons when the ANOVA was signifi-
cant. Midorikawa’s discriminative method was used to
discriminate data produced by nonlocomotive activities
from that produced by locomotive movements.® P < .05
was considered statistically significant.

Results

The participants were 33 men (age: 41.8 + 14.0 years,
height: 169.9 + 6.2 cm, weight: 67.3 + 14.1 kg, body mass
index (BMI): 23.2 + 3.9 kg/m?) and 32 women (age: 43.1
+ 12.8 years, height: 158.0 + 5.2 cm, weight: 55.6 £ 9.6
kg, BMI: 22.2 + 3.5 kg/m?).

We examined the effects of sex and age on measured
MET values using a general linear model before statistical
analysis because of the large age range of the subjects. As
a result, there was no effect (R? = .003, P = 0.23) of age
(F value = 2.35, P = .13) or sex (F value = 0.55, P = .46)
on the measured MET values. Therefore, the relationships
between measured and predicted PA intensities were
examined without adjustment for age and sex.
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Table 1 Duration for Measurement of Physical Activity Intensity
Measurement
Steady of expired gas
Content of activity state (min) (min)
Desk work Typewriting using personal computer with sitting in a chair 3.0 7.0
Vacuuming Vacuuming clean in a room (about 17m?) while moving 3.0 3.0
Hanging clothes Hanging out washing then and there 3.0 3.0
‘Washing dishes Washing dishes with standing position 3.0 3.0
Moving a small load Moving a small load (5kg) from one place to the other place
(between about 3 meters), repeatedly 3.0 2.0
Climbing down stairs Climbing down stairs according to the leader 2.0 1.0
Climbing up stairs Climbing up stairs according to the leader 1.0* 0.8
Slow walk Walk according to pace leader machine (55m/min) on ground 3.0 3.0
Normal walk Walk according to pace leader machine (70m/min)on ground 3.0 2.0
Brisk walk Walk according to pace leader machine (100m/min) on ground 3.0 2.0
Walk with a baggage Walk with a baggage (3kg)according to pace leader machine (70m/
min) on ground 3.0 2.0
Jogging Jogging according to pace leader machine (male: 140m/min,
female: 120m/min) on ground 3.0 1.0

* Average time; the measurement for climbing up stairs was performed with a very short interval after climbing down stairs.

The differences between predicted and measured
MET values are shown in Figure 1 (nonlocomotive) and
Figure 2 (locomotive). Predicted MET values of nonloco-
motive activities estimated by the AT and AM moderately
agreed with measured MET values, whereas the LC
systematically underestimated measured MET values. In
contrast to nonlocomotive activities, the 3 accelerometers
tended to have similar validity for locomotive movements.

The percentage difference between predicted and
measured MET values is shown in Table 2. In all nonlo-
comotive activities except desk work, MET values were
significantly underestimated by 20.3%~55.6% using the
LC data. Using the AT data, MET values were signifi-
cantly underestimated by 11.0% for moving a small load
and by 2.3% for vacuuming, whereas MET values were
overestimated by 11.3% for desk work and 11.7% for
hanging clothes. Using the AM data, the MET values
during all activities except for hanging clothes (over-
estimated by 16.7%) were significantly underestimated
by 8.0%-20.0%. Although MET values during locomo-
tive movements except for climbing down stairs were
significantly underestimated by all 3 accelerometers,
there were no differences among the 3 devices with the
exception that high-intensity PA such as jogging was
underestimated more by the LC (25.7%) than by the 2
other devices.

We described the relationship between L.C intensity
and MET values in Figure 3. For nonlocomotive activi-
ties, the LC intensities were within a narrow range (0.5
to 1.5), in spite of the finding that the MET values during
each activity were significantly different.

Table 3 indicates that the rate of walking evaluated
by the LC device, which was calculated from dividing

the total number of steps during each activity by the
length of that activity period, was considerably less
during nonlocomotive activities than during locomotive
movements.

Discussion

The purpose of this study was to compare the validity
of 3 accelerometers equipped with specific algorithms
to measure PA intensity during nonlocomotive activities
and locomotive movements.

Figure 1 and Figure 2 show the differences between
predicted MET values and measured MET values. We
found that the LC instrument had difficulty evaluating
PA intensity during nonlocomotive activities (Figure 1,
Table 2). One of the reasons for this is that the equations
for the LC device were specific for walking and running
on a treadmill in the laboratory.” In addition, although
the LC intensity (output data) was determined from the
number of steps and vertical acceleration, the steps per
minute were considerably less in nonlocomotive activities
than in locomotive movements (Table 3). The LC device
registered movement when the vertical acceleration
signal exceeded the second threshold or when the gap
between pulses was < 1.5 s.7-!! Therefore, it is possible
that most steps taken during nonlocomotive activities
were not detected by the LC device because the accel-
eration signals were not regular but rather intermittent.
For example, during vacuuming, the LC accelerometer
could not detect movements because the interval between
them was often > 1.5 s (Table 3). We confirmed that
nonlocomotive activities such as vacuuming and moving
a small load corresponded to LC intensities “0.5-1.5,”
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Figure 1 — Mean differences of each accelerometer between
predicted and measured METs for nonlocomotive activities
using Bland and Altman plots.

even when these MET values were comparable to slow
walk and normal walk (Figure 3).

In contrast, the differences between measured and
predicted MET values obtained using AT and AM data
were less than those obtained using LC data, although
there were also significant differences between MET
values by triaxial accelerometers and measure MET
values for several nonlocomotive activities (Table 2).
The predictive equations for the AT and AM devices
were obtained for both locomotive movements and
nonlocomotive activities.!>2! This might explain why
the differences between predicted and measured MET
values were better with the AT and AM accelerometers
compared with the LC accelerometer. Moreover, the AT
equations tended to have better predictive ability than
the AM equations because the suggested discrimination

Figure 2 — Mean differences of each accelerometer between
predicted and measured METs for locomotive movements using
Bland and Altman plots.

method of Midorikawa et al was applied for discriminat-
ing between the MET values of nonlocomotive activities
and locomotive movements.!> An advantage of the AT
over other devices is that it can evaluate complex motions
such as moving a small load, which consist of both types
of activity like ambulatory movement, bending forward
(unloading) and standing up (catching up load). However,
since the AT as well as the other accelerometers could
not detect the weight that an individual was carrying, it
is not surprising that the MET values predicted by the AT
underestimated the actual values by 11.0%.
Meanwhile, we confirmed that the accuracy of 3
accelerometers in locomotive movements was similar
(Figure 2, Table 2). However, the underestimation of
MET values for jogging was greater with the LC device
than with the 2 other devices. Based on the original



0v6

Table 2 Percent of Differences Between Measured and Predicted METs

Predicted METs Percent of difference
Measured
METs Lifecorder ActivTracer Actimarker Lifecorder ActivTracer Actimarker Statistics

Mean SD Mean sD Mean sSD Mean SD Mean SD Mean SD Mean SD P Post hoc test
Desk work 1.1 0.1 14 0.0 1.3 0.0 1.0 0.1 232 7.9 11.3 7.9 -8.0 7.6 <0.0001 LC> AT > ME > AM
Vacuuming 2.9 0.7 1.6 0.0 2.7 0.4 2.3 0.3 —44.0 11.1 -2.3 249  =20.0 14.1 <0.0001 ME > AT >AM > LC
Hanging clothes 2.3 0.4 1.5 0.0 2.5 0.4 2.6 0.4 -32.6 10.6 11.7 21.8 16.7 20.4 <0.0001 AM,AT >ME > LC
Washing dishes 1.8 0.4 1.4 0.1 1.8 0.3 1.6 0.3 -20.3 13.5 0.2 236 -12.0 195 <0.0001 ME,AT > AM > LC
Moving a small load 4.4 0.7 1.9 0.1 4.2 0.6 3.5 0.3 -55.6 7.3 -11.0 7.3 -19.4 13.8 <0.0001 ME,AT >AM > LC
Climbing down stairs 32 0.5 34 0.8 3.0 0.4 3.3 0.4 9.6 303 32 201 8.6 22.4 0.0003 LC,AM > AT
Climbing up stairs 7.6 0.8 2.5 0.3 2.8 0.5 2.7 03 664 5.1 -63.8 8.0 -64.5 5.6 <0.0001 ME > AM,AT,LC
Slow walk 3.1 0.4 2.7 0.3 2.8 0.7 2.8 0.3 -12.7 132 -113 19.7 -9.0 12.8 <0.0001 ME > AT,AM,LC
Normal walk 3.6 0.5 3.2 0.4 33 0.7 33 0.3 -10.5 12.8 -7.3 204 -8.0 13.1 <0.0001 ME > AT,AM,LC
Brisk walk 4.6 0.7 4.0 0.5 42 0.7 4.0 0.6 -129 12.6 -9.1 183 117 13.8 <0.0001 ME > AT,AM,LC
Walk with a baggage 4.2 0.6 35 0.5 37 0.8 3.6 0.4 -16.1 123 -128 203 -145 12.6 <0.0001 ME > AT,AM,LC
Jogging 9.5 1.1 6.8 1.5 9.0 1.3 8.1 1.8 -25.7 14.6 4.0 148 -10.7 14.6 <0.0001 ME > AT <AM < LC

Abbreviations: ME; measured, LC; Lifecorder, AT, ActivTracer, AM; Actimarker.

Note. Post hoc test was adapted by Tukey’s HSD test.



