B &

HA NRNICEBT BRI X

HHR O HEE RS

B LV F —

EH M BIAr RCFRNE OHMP SR, HAH B ¥1 3

FTCMGO E L R HE - egRtf e et T g A

. (TED) ZZEHCEAICRDRAE UM IRILF—EEE (TEE) &

[Bp) WEZEICIDBBRNTNOHBELIHRIRILF—ERE
HET2T&ICRD, TE OEEREZERS Uk,

SN VS

U AR = JEHERL

[753%] 20~63RMD48:E (Biked, wiked) EFFRRE L. TEHE BEECLIBELREARICRELLTISIVAATIC
FRREDSEE U, AEWIERE TEE (CTER) [ Z“EERIGACED 2 BEOTHE LTRe TEE SREPEPDEAEES)

PORE LI,

[#2] TEE & TEIl &, BEBHTIE 2,8191620 kcal/day. 2.308+£466 kcal/day TZXETIE 2, 0454501 kcal/day, 1,823+414
kcal/day T&H-lt. BETIE TENFEEISEIGHESNED (—15.5121.5%), LHTOD TE EEEHE/) FHEEH S5 Lh >
oo TEI OFHBICIE TEl OFMNC LD RFESEEES TSN o, Intraciass correlation coefficient (0.344 : 95%{S3ERRSR 0. 063~
0.574), Spearman DIENAEE (0.460, p=0.001) IFHIEENDBLTH oz, TE OMTEEICIE, BUTIEEHEULIERN 2

B0 3 HEGE. L TIEERDEBLTU .

[iER] Se bln_ FAEFEPHRCED TEl DEEREOEEZRSNCTHIL, BRERIPRERRDENSOHTEREZRA

BICLTWS ZEDRETHD B .
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F—O—FK: TESHKE IRVF-ERNE TEX 8 aERE

AFRTORLEEL T 256, HPTERRLY

T—WRAY ¥y —FELTHENTAZ 8%, —77,
D%Li ??ﬂ P12 & B oL F — I O R
OWRNZIE, ZEEFIK (Doubly Labeled water: DLW)
&#&(&@éﬂfwé”k:h@,W§ﬁ~ﬁ@%ﬁ
IZBWTiE, TALMF—HERL AT —EREH—
BT LI EDD, M ANVF—EE (total energy
expenditure: TEE) DMEIZ L T, BT f I F—HH
& (total energy intake: TED) ®FHUi0HE EFIE % LS
LLDTHbB,

L»L, 2 TDLW (L%fﬁ“ﬁ LTHEFREICELS
TEI OHEE i IE 2 ME L2IE T, £ 0fs. &F
AT AL F IR 2 BAMIFHET 5 L ATRT
nTwasY, ~‘n'%fJ\§%ifﬂﬁ%:TZ> ADEME LT, g
TOFZEIZB T, R i AR ok,
ﬁiih¢1ﬂ10)1é@f0)ﬁ“ﬂﬁ LA, BHE~NOER, HLE~D
Wah EhHIFONTVDH, TOFETLTLL
LTt TIN5 B A EHHERUA A
OFBE L, EWIEHEERAL ) Bl oA TH
WA, BRUEHE, K->z 91 ZRDEHIE L

ARG C FNIFIT T162-8636  WRUHSHIAH X 1l11-23-1  (4K) R Ak -

BOADER L EATEOPER S, IS8
itz k2 b 00, BERORAIEbLS WG S
NTwa", 2oE,Icy, #NFHESKE T
BHEN 2 REEY LT b Angn?, BT FH9— )
x+/7%®ﬁmﬁﬂ%w”%t®P¥WMWﬁ@4M
WhHIELEWENT VB, FESIL 20~698 D H
WERIHRIZ, HEAZHGR L LTHO T DLW &z
CEYHEMATEC & 5 TEL FR0 0 HE w76 BE % M5 L 7o
TR F—IEREIIHETIEI6%, TET6 %, /i
iz T2, ZopeTE. BT ARFEL
AOLHFENT L3 TE/TEE %/ 5 < L, SKilOHE) %
WZ &, BREAREEFEREDEIRECI L, HEEDN
I Lid TEI/TEE 2 K& { LTz HETIIE#ED
HnZk, BFEEINEWI &L TE/TEE 2 K& L,
BMI A3\ Z & 13 TEI/TEE 2/ & LTWw i,
—HT., BFMEDFEIZL D TEL OEEHEO#E L
LIRS LT Do Sawaya B I3 EHEE TIZEYIHEUAE
AT EEA TEE & d & {HIBT 5% BRE Tl A
FoERE, ARFHIS WV L, AWIRIUEBE AR O w g
b, TEE L QMBS ALNAENI L E2ME LTS,
—HC, 7THHOFEEC L 5 EHiRED, M%HW
umtﬁvﬁwamwawﬁm;o%ﬂa@mmm

SRR e AT e T a T A
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B 22 R0 7 HRR 3 HRM OB X b A
AEREE O A E IR RUR B A X 0 b /R A 5
Ao 2o Y AE O B A R S4B M L
FEL O LRE GHAFE L 78" 2 DEERAD )iE
DFEZ LD TEI O EHEOH BT - L Twin,

DLW i, G54, ULz kv A2, HHT 5
BO BEiTH Y . B ARSI R 1D 2 LR
Thb, TOzd, FHRIZBWTIE, %L FERRICL
B EHASE AL KRR LR SO MG P T A L
¥ RRFHIUEOMRICILCHER SN L BEbND,
FOih, BRAMIBOWTHEFRIZL 2 EFTHEIC L
% TEl OHfisE R L OBETH HhEHEIEICT 52 L
WRBEELER D, $70, 48 MEHETHLSES L
WIZED L) R LENLEY, HHOCRFRECLLE
FREDF— 7 2 ED L) ICIBHT 2 2 L ASEY Ak &
FUIRECT A L AEEEE LD,

FIT. ABPRTHE, ORACBIFRHELICESR
skt TEI OEEEEN EORETH 29 E W 5h
LT AL RHEMNE Lz, 72 4. TEL Ol
DI LR T — ¥ ORF 2 R 2 H AR RT3
Fodll, EEREOEREN. E0L ) ICHREICL
B gk TR O EICHE L TW s bbb
& THE L7

1. TREEE

Mgy, 1 0B DLW EON—2F A4 Y ROBIR.
&, HENE, DLW ook, BFLHOHHL %
e o, 2HEMIGEEOLL ZHET 2055, 28
FIORNIZEE 1 MofFERE, 10B HEY» 5 OMET 5 3
AR CrEzH, kB 1H) oAFRE2EG L, F
O, WUORERI~ET L, Y 7 romi, &%
FRARNB OTERE TV, BIZEATNIC 2 L - B0 R
R R E & RE W E 2 P00 L 7o AATIRIE, ()
E - AR O GHEREERSORAELE
THERL 7=,

2.8 ® #F
WRMOE—2 =V 2 UT, OFALETKROT 2V
F—HE RN ET AN DORERH - 12494 (B
W24%,, H25%) #atg e Uiz, ik, 1) BE
WAL LRTSEIT A~ O ASTTRE, 2) T & L F— {03
RS LR (FRBEERE) 2F LR, 3) 208
PhL70medqs, 4) 1T - BAP TRy, 5) BATHIREY
2 B K AR R R o> 2 RSB Ot DAL CRE

WT 5 TEI R, 6) B MERIT-> ChuhnT
Hotz. BMEOMMIIEFM, BB, Tw Sder
Tholze MFEIEB TR, RBY > 7L oEER A
EL WP FERTE R o7 1 Y12 B85 AT &
E L7z, BRUSEBINERFBFOTThALELN
Too RREFITE, WO RN, ik GREYER Eoding
BTG, TS MO M EF 7.

3. BlEIE B

1) Grifgtil

PMAIME OKEIL, DLW %4 H o Rz grs. 3
R GBoFEL, 2 BEERCAIERNC 2@ L 280
R S Lz, wWiholiad, RETTY Y
WAKERT (YR-150D, (M) Y43, 4 2HWT0.01
kg FCRMIL, #0f, KEoTHZzELIIVE, HE
&, DLW &5 H OF TG H#IZ S8R (YL65S, (7R
TH I, EH) RAGT, 0.1om FTERNL 2. BRIETS
I RGEIC DR, Tabh, KETRTT
FNVEF R EOEEIIBT AR ERMEOTHRER
(N) H3thsks8 (total body water: TBW) 284 L, B
R B ok 8 %73, 2% & 5™ LCRHEL 7.

2) TALF—HER (Total energy expenditure:

TEE)
10%'°0 CAKF HEE W50 £99.9%°H (Cambridge
Isotope Laboratories, Inc., USA) #R4 LA#IC LY, 4K

kg H7:0 0.142 D 0 £ 0.06 g » *H %5 L7,

B RORLSBEH»SM4HOZET, THIA, 105
VRO CIIIZRERIIERR L, &b CHRR L7k
FERFET B LR L 72 T2 7T ER L7 IREE
T, ST E THRMAE L7, DLW /50 & F0%14 011
D TADHH, 2~13HBORIZOWTIE, 10478
HDOETHRRPTELHORE 2~ 3213 7L
F, DLW #5.9f, %581, YEARD3IF - 7Ledb
CTHEE—ABIY 9T TR E2HH L7, H i34
e LT Ho #A T, 0 12 COy HATIHEIZL Y
RPLEL % 47 - 72 7%, “H, "0 0¥kt & B
#&t (Finnigan Delta Plus, ¥—F 74 v ¥ ¥ —H¥ 4 T
747497, USA) 2X 0oLz,

RO RRRAARL A &, faE{l L 7o 720 R ol B2
k. [18.02a(6s—68b)1/[WA(Sa—80)] TROHIL S,
o7l Wi ARH G OBz DIW 2 A W7 5 01
HuZzgoko®m (g). Az L7 DLW o ().
Sa 3R L 7z DLW 128 B [ffklt, St X DLW O
FUSH W 72 8B K DRI, a AL R 54T DR 1
SRAEDK RN E L/ DLW O (g), s i3RI OFMH
H, b EN—RZF 4 > TORDFMARL TH 5, HEEEAL

2 B SRIFEEAMESE ool oo

58



U BB A BRI 2 AR L. 2505000 S oft
e & ORI CEMEM 2 LD, FOMEE %tzutﬁﬂf.v.
fkowEw k) & L. KERGEOFIRER (
. EAEERSE DRI 0 ICBITS kmﬂﬁﬂmux(i):ﬂf
BIhkooh "HoESRER,»5sE0kN
LOAITHLAb ok, B0 ofiasr RNz
LOO7CRRL7:D o3I s L.

T oRELEE, rCO2(mol/day) = 0. 4554 TBW
(1.007 ko—1. 041 kh) 12 & hskev7. ko (& N0 oviye
. kh i “H OBIERTH Y . TBW (JIXEE W k7
FREFE (N) 24H L7z, DLW @#ioBwTid, @0
U7z RQ OEBNCHNTRER 7280, RIEEGIO 2
IANF—NF VAN ENTRETEEHALT L Y R
725 (Food quotient: FQ) [l LC TEE &k 5
TEMELEE SN TWAREH ) REIZRIC B LTI,
FHRAT & oM R Dz, BFTEEY] & W EREIZ5E
W% EREEE - A RS 1Y, Black 50
RIZEDOTFQ #EHE L, AIFEORARY &L %
DIFERIZH D TINEFH 2 KD 7:0.898% FQ & L T.
Weir ®®42 & b TEE ##HL4",

2) AW

KO1OEFEO20030M, FYILDATILLS
SEREEGN LT (DT, BEgioARE)
WX A AETREEEEE L. FEANIBOA T — 1
(TANITA1475, #aAU&H v =%, H) #A L, HI
LT _NToRGESHIIOWT, BEBFHETL LD
AR L 720 72770, A — VOB KEHED 1 kg D7
W, FNEALFEPNERL ETEHENTE WY
e, T1ml (1] ZEoBRRToiaEs L,

FHELHALTRRE L2 ad, MBS 2 3 TRERT 5 &
AR L 720 T, REOME & EFT L ’ﬁﬂ?( 720

AR ORFH IR OB ~ORDFEIZ 3 B F
EOTRI L, R AW?Ei#mﬁWﬁwm3%
1To720

FraEEcORBEREFE LI, 1ML ERT 2
W2, R A -V EFEICEE, B5 LTS
WM A5 (DCSPL00, V=—v—47F 1 ¥ 7k &,
R C¥agE Uiz, FHEEIZL 5 AR AN
BOWEBAR T Lzt TV AT OMBGT M 5H
CEMAgRAN RS, BRNHOLENAD
TEREIT, BYRE T2 2 & THERLSRIAEE
&, ek L 7.

TEI OFt8IE, 2 S 0F B, AETHME AR
LM S EE B ATH L CHT v, B OSEIM A L
Tro WA, HEIZ2VTIE, ZNENDA—H—D

50 gmsinys

FER RIS & B o 3 — fRIRERT il 00 HEsi R HE

R N—= VR A= —~D G EDEIC L) R
F—JHELE (total energy intake: TED #3Red 7=,

BFORFREOMEE LT, WEEPFHRBICBIT
éﬁﬁﬁﬁ%ﬁﬁﬁLtHﬂ%%awﬁ“msHH@A
AR es Lo adhl & - BMBOBRE LS
foo i, ST Ay #b@ﬁm ERLBN T T -
THEHIGML, ML il e Lz, DT
HUZmIEREmLIaEsdizy 18N L, M~

SIRE L o fo. 72, AHASORGSIIN OB L
LT, (BEOMNE N AFREIEML - fami0
'%Eﬁ%bﬁmLtﬁﬁﬁbﬂmﬁrmﬁﬁﬂwﬂ ],

HOMRIZ L) BFRES SR L AERnE) (R
d%cﬁﬁttﬁ“ ) x100% RSO A] &L
Too 3O, AHNS— Vol LT, HREORS
ﬁﬁ#%SH%®ﬁ$®Wﬂ®ﬁ?zfﬁ%WﬁBHW
el &Lz, EHoEIE LT DR E B
V2, W ) Laiﬁkf*ﬁ‘ll_lkl,f;u BHRHH
KBWTE, KEOAQERUZOWTLRERT L L1
WL 7225, Sl OIFHT ClE = 5 L F— B O HE e
B LTwALD, TALF—2&F VKA
HEFL 2B SR EFMBIIEEO R -7, /2,
P DNICE — 0B CHOHRE L7288, 1lE
BMA7. SHM®IY bR Er- B8RRI AR
o e EHEMBOEE [HHRBEsD&] & L,

3) ARET AT

&Abkwfﬁiﬁﬂ®&w%u¢nu’muiﬂm

—BT 5, WEFIMFBY ICAEFEETHILER
RLZEH, #RIIZE, 2ﬂH®ﬁ@%M$ AR
PORLEEFH A SN/, £ T, DLW @§ETRD 7
TEE 125 LT, HEEL»HRDIT AN F—DEIUR
R EZBIGBR G2 SR L 2%, REMEHEZ AL
F—HER (calculated total energy expenditure: cTEE)
EL. BT THhi™,

cTEE=TEE +

(FEZONRIE (o) -AEMOEE (g))/14%7

Thabb, AENRTREZEORELLE>IS1HS
7o) DREL{LR TR, FELELD 3/4 2 AR &
L, 1gHNOIINF—&#% Tkeal/day & LY,
TEI & ¢TEE £ b, 0% tI,T‘(TEI ¢TEE) KU
(TEI-TEE) /TEE % 100 % 3k & 72,

G o GRS, TEE, TEIL ¢TEE 2, 3= s
TR L7 WEHANBOEEEHOFILL. s
BB LTI E DT o720 NS L BEOHT t e %
M7z, TEL ¢TEE OZFED0 % & B4 5 0 OR5EICIE
LH 7o ¢ HisE (one-sample ttest) & HWize &5
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12 TEI OISO MEE D 72912 A KT < > O NARTATE
2%, Intraclass correlation coefficient (ICC), Bland &
Altman 7 5 7%, B U95%GEIEKA (95%CL 95%
confidence interval) %M L7z, 74, ICC & TEI &
¢TEE O —HEZRTHEETHY, 1ITEWEEY—HE
PRGN ERRLT WA, RUREL 72 B I s
DRI OREL, YT Y v ORCERBERE & il
M D A7 12 &0 A B U 7 (R B R BN X D I L 7z
AL O 5 L H AL 4 S 0 3EPET 120\ C. BMI
25 kg/m” PLEFIM L L7ze F72, FNENOLEHMD
B0, BB FE0 MR A SN 2IH
HiZowT, A7y 774 XgEedH L gERGEHT %
o7z WTROKEITIZB VTS, FEAKEED p<
0.05 & L7 57— % BHTIZ1E SPSS (ver 16.0; SPSS
Inc., Chicago, ILL) ##H L7z,

WaFoLE, KE BML EFEUVEOLERNEE
LIZR L7z, FRBICL28FEH0I L, | AHKHOE
w1 kg A AL EQOHHTHENTE Lo R
W L -0 5% Th > 72 £/, BakZ L OFf
EATETHIMEF TOWETH - THIIHIT L 724
BHD32% Tho7oe 2 MM ORI MR OKELE)IE
Wk 0.03x0.77 kg (p=0.854), %1% 0.08%0.79 kg
(p=0.618) T, BILIHETE, o728, 1ke M ED
B AL DLYE 3 %, 500 g B F 1 ke i hE gL
R AL B K54, 500 g LLE 1 kg RGO EEMINT &

44, Ikg LEOFRERMEINZELE2HTH-
7z. BMI I 18. 5 kg/m’ A5l 0 B Ak 1 &, 22 4
25 kg/m” PLLASHYE 6 %, &iE 14, 30 kg/m® DL Las
LHETLI B TH-T,

#2104, TEE. ¢TEE. TEL T UfTEI & ¢TEE o4
L7, TEE. ¢TEE. TELIZW40E WPk 7 5 Pk
H&ho 7z, TEL & ¢TEE O T W icsid b - 7.
TEI & ¢TEE &% 0% & kind 2 L B Cld4 805
B, EREHE R AT WD, LETIE0 % & 02

HETIE R do T

ICC 120. 344 (95%fZ4EX A : 0. 063~0.574) THh
HHNEO—FIEEHEVEL b ot T/, AT
v v DOME AR EIZ0.460 (p=0.001) &% -o
72. B 1 Tl&, Bland & Altman ® JiEICfEW TEL &
¢TEE o F#fiE & TEI & ¢TEE W#E4 R L7, TEl &
c¢TEE OF#fE L TEL & ¢TEE OZEDMICIZE e L5
WEOHBAA LN, WINRLAFELRMETES
Mol Tz, ERRUIEMOGEIZLY ,.ﬁiﬁlj’i“ .
BRI D TP E L o 22 EDL S T d o
72 TEI & ¢TEE D#E®95% CI £ B %7 —31.9~0.9%
(= 1,048~ 26 kcal), "¥ET-29.0~16.8% (-671~
227 keal) T, WINL 0EFATED, TALF—HIL
BIZE DS RMEEIT R VEEL LN BT
W 1ARESIWETNAEZRTEICLDE, ZOHHRD
TEI 13 2, 206 kcal/day. cTEE 1 4, 873 keal/day TH Y,
FDFEDT 2, 667 keal/day T - 7o,

WNELERIT ) R D EHEE ORI O M EE AT
%7:12. TEI & ¢TEE 3% & SRR S O AR &

#£1  KEHEOREM

o oo

) (n=24) (n=24)
H: iy (5% 28.6 = 10.7 33.4 = 14.0
§E (cm) 173.0 = 6.6 159.9 = 5.0
R (Rif) (kg) 70.4 = 11.9 55.7 = 11.1
(#) (kg) 70.5 = 12.0 55.7 = 10.8
(ZEAD " (kg) 0.03 = 0.77 0.08 = 0.79

BMI* (kg/m?) 23.4 = 3.0 21.8 3.9
N (%) 21.7 £ 6.8 30.4 = 7.4
IR RHELEN (fd/ 3 1D 65.8 = 25.2 107.0 = 63.2
Fekc ANk Fey (%) 4.6 +5.8 1.9 =23

Eitas sbalokaFey (%) 0.4 = 1.0 0.5=1.6

frdipl$r 3 H&E (lal/ 3 H) 9.9 %22 10.4 1.9
o % (1a]) 1.6 =1.1 1.7%0.9

* BMI: body mass index
TR, ZERROKEII B TR Sk ED
ELTRAE L7

4 i SREDPMEERS sy

RS SN
5, BRI R K %T73.2%
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#2 ZAnF—HRE

HEWEFn AL F—

FESEEIC & B = 5 b — JNOE SR o0 HE i Rt

’m

Teht,

AL F - L O

W -k
i+ 8D S5
iy i £SD w"___(%ﬁ
0% &l 0% &zl
T ALE-HER (TEE)” (kcal/day) 2,804 = 412 2,086 = 312 <0.001
EEMEHED AL F—EEE cTEEY"  (keal/day)  2.819 = 620 2.045 = 501 <0. 00t
AL F—EE (TED? (kecal/day) 2,308 = 466 1.823 = 414 0. 001
TEI & ¢TEE 938 (keal/day)  —511 = 702 —292 = 587 0.129
(io_) 15 + 21.5 0. 002 —-6.1 % 30.0 0.330 0.219
FE AL E—HEL (total energy expenditure: TEE) © J BN A2 X b g
FREAMIEFBT AV EF—HEE (calcurated total enewy expendume ¢TEE) : TEE {2 IR sh oo (R 25 45 % 21
P L F—EIE (total energy intake: TED : BHEAS,» SFHE L 2 L F—HEE R
§ TEI ¥ ¢TEE @ : (TEI-c¢TEE), (TEI-cTEE)/cTEE x 100
b= b0 % E MG BHPOWE T 19 Y TLo t g
T W EORE © FIEO R ¢ HE
1500 - MsT Lz (E3). BT, BEL-a0E ﬁfl*ﬁ
1,000 | - o} 3 HMOEMASTEI & ¢TEE O s FERIEOHEERL
500 o’ o a R Foo WHETIE, ERY, AIBIDIEE, SRR 3 HEAEDS
i A
ol o a o o] A TEI & ¢TEE OEEFE 2 IEOMM %3 Lz, Tk
¢
5 1000 8‘1,500 o z,&kxuA 5,560 on 35,000 3500 2000 EEMDPHEBICEBAL TS, FRBATRICBWT
= -500 »_
g A RHEAARE CHBLTWD I L2 b, Fi L Mo
g : o O A N .
i 097 * W2 M L2 (B RB E Ro T2, ORI, AT B R
1300 BB RA A S NEH I, BHETIERS LR E &
-2,000 HHE3HMEO 2HATH Y, THETIIAHERZNE
2500 | DALNEH G GD -7z T2, FNENOUHOEY
| A .-
000 | EHERT A0, B BWTHERME A LR
: TEI&CTEED T 1) (keal/day) » m pn 5 bt et o
. . . . Eis, RIENEEE, GRS L oA BERIE 3 HE G
M1 HEMEFT V-7 (CTEE) LI il ¥— Fl, IR, GRIRL 7B SO S MO

IR (TED o Bland & Altman @515
AR ROHEMIZWEIZ BT A ¢TEE & TEI @720 T4l
A ERUT TS £ 25D
OB R AT EMICHB D ¢TEE & TEI 30 SE i,
Mo 3y + 2SD

B r=-~0.244 (p=0.251), &Pk r=-0.191 (p=0.371)

#3 ERERAFTOZHMEIC

4T LRI X B BRI 2T o728 2 A, ATy
T4 L& BIR S N B AR 3 A A
DARTHY . FABAREIZ0.438 ($=0.002) TH-72,

W B BB

% % '8 %
(n=24) (n=24)
BURPE {id A S ] i 411 B
¥ ? 7 P 7 p 7 ?
45 0.221  0.299 0.477  0.019
BMI 0.008  0.971 0.069  0.749
ENIIite 0.102 0.636  —0.012  0.958 0.417  0.043 0.34 0.112
ARt ks QDR ANE NI 0.646  0.001 0.675  0.001 0.063 0.768  —0.007  0.977
o4 ~0.322  0.125 —0.465  0.034 ~0.182  0.394  -0.187 0.416
MEBMoBE  -0.168  0.431  —0.101  0.662 -0.088  0.682 0.029  0.416
A 3 AfEFE 0.468  0.024 0.471  0.031 0.407  0.054 0.385  0.085
5o 0.110  0.618 0.218  0.346 0.026  0.905 0.135  0.559
AR SR Liofliz R LA
PORPR R AR L IR o (BMI 25 kg/m® ML LGRS Y (1), 25 ke/m® RiAMEE L (0)) TR LAMERLE
S Vol.B9 No.2 15
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AR, HRAZHGE LT, FEHEICLAEHRT
#:E0 TEI OIS DLW SIS WL L7290 T
OWETH L. WORIIBWTIE, T2 DLW % Hwv

i T A WL 72
WA % < A2 ITwa, Hill 57 oL va—12k 3

L. MAEWGE LRSI X5 AREAELE SR
72 TEI & DLW Tl L7 TEE @ 31d - 59~ +19%
IZIES20BTBY, HELZOA I VLT
Ve REFFETHE, PRI L ZEFLEED S RO
TET BfREMIT L7 ¢TEE &l BT -155=
21.5%. TET—6.1%30.0%TH Y, LML~ TidH
HTOABEBIMEPFMEN TV, BAL VT,
IALF BRI L 2 RMBEIEA SR VA, ICC
WL DME LA—EERH T E R, TLRETS
vOIEMHBEREL R s, o k2 a5
#FEro b L7 TEL 25 &1, o TEL OfEHl<
TEL 12 X BIEM AT 2 3 258121, TEI Ot %
EETHLUNHLEEZ BN,

MBI, HETHEORE&E 35, il
e HMES 2 OBF LD b D% {ERD L EEHOER
EAGEE LI AR H B Ziuid, MNEE
(under-eating) & MEI, FABORH % 2 X La/hED
# (under-recording) &IITTHEIEhaZELH 5,
Goris & Westerterp (1999) &, KO DU, KEZET)
EWMET AT, M/MER S B/DEST RS 5 E A
B2, ZOME WO OB R
L7cHis, TRBICX 2 EERHE,O D & o/ TELIX
16%B/MCEF I S T wregs, SHUEB/NETIZ E 5 %
DTHDHI EDWSPIZE NI AL T, Bathalon
& DRF%? 12hEvs DLW 512 & Y Jil5E L7 TEE % MR
HOEELEIZ L DAITE L7 cTEE 2thigd 52 &1k
D, E/NDEROBERRETS I L A,

FHMAEOFTFEIT L HENTIE, Sawaya HiE, HEE
EBEEIIBWT 7 HM ORI L 5 Bt sk, 24
BRI Uik, 2 MR o S EHUHE A 2 DLW
HIZ X sk 7z TEE LILELTw2"Y, 2ot
FHAEE T, 4MBEWILLEICE S TEL 28% b TEE
{EWETdH o778, TEE L HEGHMEERL-OKRE
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Aécuracy of Energy Intake Estimation by Weighed Dietary
Record among Japanese Adults

Kazuko Ishikawa-Takata™, Kyoko Bessyo™**? Shigeho Tanaka*! and Izumi Tabata™*3

*National Institute of Health and Nutrition, Program of Exercise and Health Promotion
#Seitoku University, Faculty of Human Nutrition
*Ritsumeikan University, Faculty of Sport and Health Science

ABSTRACT

Objective: To examine the accuracy of total energy intake (TEI) estimation by using weighed food record
in comparison with total energy expenditure (TEE) measurement by using the doubly labeled water
method.

Methods: Forty-eight Japanese (men: 24, women: 24; age range: 20~69 years) were analyzed. TEI was
calculated from weighted food records and simultaneously taking digital photographs. The
corrected TEE (cTEE) was calculated from daily TEE measured by using the doubly labeled water
method and change in body weight during the 2-week study period.

Results: The TEE and TEI were 2,819 + 620 and 2,308 + 466 kcal/day for men; and 2,045 = 501 and
1,823 + 414 kcal/day for women, respectively. TEI was significantly underestimated in nen
(~15.2 + 21.5%), while there was no significant underestimation of TEI in women. There was no
significant systematic error by the amount of TEI The intraclass correlation coefficient (0.344; 95%
confidence interval, 0.063~0.574) and Spearman’s rank correlation coefficient (0.460, p = 0.001)
were weak to moderate in magnitude. The estimation error was influenced by the number of food
items recorded, number of times the men ate over 3 days, and age in women.

Conclusions: Future studies are warranted to clarify the accuracy of TEI estimation in terms of the differ-
ences in dietary surveys, characteristics of subjects, and the estimation error of the amount of intake

for each food group and nutrients.

Jpn. J. Nutr. Diet., 69 (2) 57~66 (2011)

Key words: doubly labeled water method, total energy intake, weighted food record, underestimation,

dietary survey
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Real-time estimation of daily physical activity intensity by a triaxial
accelerometer and a gravity-removal classification algorithm
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Abstract

We have recently developed a simple algorithm for the classification of household and locomotive activities using the ratio of unfiltered to
filtered synthetic acceleration (gravity-removal physical activity classification algorithm, GRPACA) measured by a triaxial accelerometer.
The purpose of the present study was to develop a new model for the immediate estimation of daily physical activity intensities using
a triaxial accelerometer. A total of sixty-six subjects were randomly assigned into validation (# 44) and cross-validation (zz 22) groups.
All subjects performed fourteen activities while wearing a triaxial accelerometer in a controlled laboratory setting. During each activity,
energy expenditure was measured by indirect calorimetry, and physical activity intensities were expressed as metabolic equivalents
(MET). The validation group displayed strong relationships between measured MET and filtered synthetic accelerations for household
(r 0:907, P<0-001) and locomotive (r 0-961, P<0-001) activities. In the cross-validation group, two GRPACA-based linear regression
models provided highly accurate MET estimation for household and locomotive activities. Results were similar when equations were
developed by non-linear regression or sex-specific linear or non-linear regressions. Sedentary activities were also accurately estimated
by the specific linear regression classified from other activity counts. Therefore, the use of a triaxial accelerometer in combination with
a GRPACA permits more accurate and immediate estimation of daily physical activity intensities, compared with previously reported
cut-off classification models. This method may be useful for field investigations as well as for self-monitoring by general users.

Key words: Non-exercise activity thermogenesis: Accelerometry: Household activity: Locomotive activity: Metabolic
equivalents

Low physical activity (PA) levels in daily life are probably obesity and chronic diseases. However, accurate methods

correlated with obesity and other diseases™. According
to the International Association for the Study of Obesity,
prevention of weight regain in formerly obese individuals
requires 60—-90min of daily moderate activity or lesser
amounts of vigorous activity, with 45-60min of daily
moderate activity required to prevent the transition to over-
weight or obese®. In addition to exercise, non-exercise
activity thermogenesis, a much larger part of daily PA,
may also contribute to obesity pz‘evention(3’4). Therefore,
assessment of the type, quantity and intensity of PA is
important for the development of strategies to prevent

for the measurement of energy expenditures (EE) induced
by various PA under free-living conditions are still under
consideration.

At present, several methods are used for the measure-
ment of EE in a field setting®®. The doubly labelled
water method displays high accuracy for the measurement
of 24h EE under free-living conditions. However, this
method can only evaluate total EE and cannot provide
day-to-day or minute-by-minute variations. Although ques-
tionnaires could individually measure PA intensity and EE
(as value by intensity X time) in addition to the PA type,

Abbreviations: ACCg, filtered synthetic acceleration; ACCyngm, unfiltered synthetic acceleration; EE, energy expenditure; GRPACA, gravity-removal physical
activity classification algorithm; MET, metabolic equivalent; PA, physical activity.

* Corresponding author: K. Ohkawara, fax +81 3 3204 1761, email ohkawara@nih.go.jp
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the accuracy of these methods is not sufficient”. On the
other hand, accelerometers are objective, small, non-
invasive tools for measuring PA intensity and EE, with
the potential to measure locomotive as well as household
activities® 19 Furthermore, activity monitors such as
accelerometers or pedometers may serve as useful tools
for promoting active life behaviour®1?.

At the least, uniaxial and triaxial accelerometers can
accurately estimate the intensity of ambulatory activi-
ties3 719, However, the intensities of household activities
such as vacuuming and sweeping cannot be accurately
estimated by accelerometers, possibly leading to underesti-
mation of total EE by algorithms based on locomotive
activities’®. Indeed, different relationships between
counts per minute and metabolic equivalents (MET)
observed for locomotive v. household activities led to
MET underestimation for household activities">~'. Time
spent in sedentary and light activities is also underesti-
mated by locomotion-based equations(lé). Therefore,
accurate MET estimation for household and sedentary
activities is required in addition to locomotive activity.

Recently, several studies have attempted to discriminate
between PA types using accelerometer counts®’ 29,
Although these algorithms have improved accuracy for
estimating the MET of various activities compared with
single regression models, some limitations remain: percen-
tage of correct classification was slightly lower in some
types of PA®*®, multiple sensors make it difficult to
continuously wear the device on the body(%); estimation
is a complex procedure requiring large amounts of data,
a barrier for applied researchers as well as for the general
public. An accelerometer-based algorithm that accurately
and immediately estimates PA intensity would be a useful
tool for assessing PA in free-living conditions, as well as

.for promoting active life behaviour in general users. We

have recently developed a simple but accurate algorithm
for the classification of locomotive and household
activities, using the ratio of unfiltered to filtered synthetic
acceleration (ACCyuna/ACCp) combined with a gravity-
removal PA classification algorithm (GRPACA)®”. A correct
classification percentage of almost 100% was achieved
during our selected activities. Furthermore, we have
confirmed the separation of sedentary activities from
both locomotive and household activities by accelerometer
counts. Therefore, the purpose of the present study was to
develop a new model for instantly estimating the intensity
of daily PA using a triaxial accelerometer.

Subjects and methods
Subjects

A total of sixty-six subjects (thirty-one males and thirty-five
females) volunteered to participate in the present study.
The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all

procedures involving human subjects were approved by
the Ethical Committee of the National Institute of Health
and Nutrition in Tokyo, Japan. Subjects were excluded
from the study if they had any contraindications to exer-
cise, or if they were physically unable to complete the
activities. Descriptive characteristics of the study subjects
are presented in Table 1. Subjects were randomly assigned
into validation (# 44) and cross-validation (n 22) groups.
Before measurement, the purpose and procedure of the
study were explained in detail. Informed consent was
signed by all subjects.

Anthropometric measurements

Before performing PA, body weight was measured by a
digital scale to the nearest 0-1kg, with the subjects dressed
in light clothing. Barefoot standing height was measured
to the nearest 0-1cm using a wall-mounted stadiometer
(YL-65S; Yagami, Nagoya, Japan). BMI was calculated as
body weight (kg) divided by height squared (m?.

Experimental protocol

Fasting subjects visited the laboratory in the morning of the
experimental day. After anthropometric measurements,
they performed fourteen activities with a facemask and
Douglas bag while wearing a triaxial accelerometer on
the left side of the waist. The selected activities were as
follows: (1) sedentary activity — resting in the supine
position as BMR, resting in the sitting position as RMR
and personal computer work; (2) household activity -
laundry, dishwashing, moving a small load (5kg) and
vacuuming; (3) locomotive activity - slow walking
(33km/h), normal walking (4-2km/h), brisk walking
(6:0km/h), normal walking while carrying a bag (3kg) in
the hand, jogging (84km/h) on a track, and ascending
and descending stairs at personal normal speeds without
using handrails. These activities were chosen as represen-
tative activities of daily life, based on our observations in
a preliminary study using the activity records of other
subjects. The subjects were permitted to consume only
drinking-water during the experiment. They were
instructed to lie down quietly for 30 min, and then BMR
was measured for two periods of 10min, followed by
RMR measurement for 10min. Subsequently, the other
activities were performed for 3—7min. The entire experi-
mental protocol took each subject about 4:5h to complete,
and there was enough rest between activities to eliminate
any carry-over effect from one activity to another. Each
subject performed the experiment following the same
schedule. The expired air for the subject in each activity
was collected under a steady state. We defined the begin-
ning of the steady state as 2—-3 min after starting an activity,
depending on the activity intensity®®. This experimental
protocol has previously been described in detail®.
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Table 1. Physical characteristics of the subjects in each group

(Mean values and standard deviations)

Cross-validation group* Total

Validation group*

All (n 44)

All (n22) Men (n31) Women (n 35) All (n 66)

Women (n 12)

Men (n 10)

Women {(n 23)

Men (n21)

sD Mean SD Mean sD Mean sD Mean SD Mean sD Mean sD Mean D) Mean sD
12.7

Mean

420 128 421 14.6 42.6 2.4 135
1702 158.5 164.0

162.9

11.4

14-4 43.0 1341 42.6 13.7 419 143 42.0
159.3 164.5 170.2 156.9

2-2

4
170-2

Age (years)
Height (cm)

8.4
13-4

5.5

65

92

11-8
31

52

75

78

5.4
9.8

37

5.8

>
(o]

92 61-4
35 22.7

55-3
22.0

14.3
4.0

68.3
23-4

61-0
22.8

7-6
29

54.9
22.3

11.9
3.2

68-2
234

141
4.0

61-6
226

1541 55-6
4.2 21-9

68-3
234

Weight (kg)
BMI (kg/m?)

Physical activity estimation by accelerometer 3

* Subjects were randomly assigned into validation (67 %) and cross-validation (33 %) groups matched for age, height and weight.

Indirect calorimetry

During each activity, the subject’s expired air was collected
in a Douglas bag. Expired O, and CO, gas concentrations
were measured by MS (ARCO-1000; Arco System, Kashiwa,
Japan), and gas volume was determined using a certified
dry gas meter (DC-5; Shinagawa, Tokyo, Japan). For each
measurement, the gas analyser was initially calibrated
using a certified gas mixture and atmospheric air. EE was
estimated from VO, and VCO, using Weir’s equation(”‘) .
MET values as reference were calculated as EE during the
activities divided by the measured RMR.

Triaxial accelerometer

We used a triaxial accelerometer with 4GB of memory
consisting of Micro Electro Mechanical Systems-based
accelerometers (LIS3LV02DQ; ST-Microelectronics, Geneva,
Switzerland), which respond to both acceleration due to
movement and gravitational acceleration. The sensor was
built into a plastic case without a liquid crystal display
and was designed to be clipped to a waist belt (size:
80 X 50 X 20mm; weight: approximately 60g including
batteries). Anteroposterior (x-axis), mediolateral (y-axis)
and vertical (z-axis) acceleration measurements were
obtained during each activity at a rate of 32Hz to 12 bit
accuracy. The range of the acceleration data of each axis
is =6 G, resulting in a resolution of 3 mG. The acceleration
data were uploaded to a personal computer.

The signals obtained from the triaxial accelerometer
were processed in the following way. Each of the three
signals from the triaxial accelerometer was passed through
a high-pass filter with a cut-off frequency of 0-7Hz, in
order to remove the gravitational acceleration component
from the signal. We calculated the synthetic acceleration
of all three axes (vector magnitude /x? + y? + z?) using
signals before and after high-pass filtering. Then, the
ratio of ACCynn to ACCg was calculated. The acceleration
signals, calculated as the average of the absolute value of
the accelerometer output of each axis from 10s epochs
at the middle of each activity, were processed to various
acceleration output variables. In our previous study, we
reported the algorithm for the classification of house-
hold and locomotive activities by the ACC,,q:ACCg ratio
which resulted in almost 100% correct demarcation for
our eleven selected activities®”.

A commercial product (Activity Style Pro HJA-350IT;
Omron Healthcare, Kyoto, Japan) has been developed from
the prototype accelerometer that we made in the present
study. This commercial device measures 74 X 46 X 34 mm
and weighs 60g, including batteries. The liquid crystal
display in this device has several modes that provide differ-
ent types of information: (1) a research mode that provides
no information; (2) a mode that displays step counts; (3) a
mode that displays real-time MET intensity. Both devices
are shown in Fig. 1.
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(a) )

(c) i (d)

Fig. 1. Prototype accelerometer used in the present study and a commercial accelerometer based on the algorithm developed in the present study. (a) Prototype
accelerometer that was used to perform all measurements; (b) subjects wore the prototype accelerometer on the waist with a clip during the entire protocol;
(c) commercial accelerometer based on the algorithm that was developed in the present study; (d) real-time metabolic equivalents (MET) are shown on the liquid

crystal display (LCD) of the commercial accelerometer (the LCD can also show step counts).

Table 2. Energy expenditure, metabolic equivalents (MET), accelerations and acceleration ratios for each activity in the validation group
(Mean values and standard deviations, n 44)

Ratio of
unfiltered
synthetic
Unfiltered Filtered acceleration
Energy synthetic synthetic to filtered
expenditure acceleration acceleration synthetic
(kJ/min) MET* METt (mG) (mG) acceleration
Mean sD Mean sD Mean sD Mean SD Mean sD Mean sD
Light activity
Resting in the sitting 4-142 079 - - 56 1.8 2:6 0-6 2.15 063
position (n 44)
Resting in the supine 3.765 0.79 0.91 0-05 0-89 0-10 4.6 2:4 21 07 2-14 0-88
position (n 44)
Personal computer 4.602 1.00 112 0-08 1.08 012 10-2 37 57 1.7 1-80 0-37
work (n 42)
Household activity
Laundry (n 44) 9.706 259 2.34 0-37 2:26 0-31 1541 38-4 50-2 11.5 311 0-57
Dishwashing (n 43) 7-614 2.01 1.84 0-34 1.77 0-30 56-8 17-9 26-3 6.7 2-20 0-64
Moving a small load {n 44) 18-32 4.98 4.40 0-68 4.27 0-63 360-5 51-9 157-1 215 2.32 0-35
Vacuuming (r7 42) 12.34 3.01 2:97 0-52 2.88 0-53 1532 34.3 82.8 24.9 1.92 0-39
Locomotive activity
Slow walking (n 44) 13-01 3:39 312 045 3-03 042 245.5 47-4 240-1 481 1.02 0-02
Normal walking (n 44) 15.22 3-81 3.67 0-55 3-56 0.49 320-8 48.7 3138 48.7 1.02 0-02
Brisk walking (n 44) 19.53 510 4.70 0-76 4.56 0.75 4284 696 4268 . 722 1.01 0-02
Walking while carrying a 17-90 414 4.33 0-60 4.20 0-59 361-5 51-8 3557 519 1-.02 0-02
bag (n 44) ’
Jogging (n 44) 39-24 937 9.42 0-98 916 118 9742 1186 9540 116.7 1-02 0-02
Ascending stairs (n 39) 31.54 6-86 764 0-75 7-32 0-61 232-4 295 2201 291 1.06 0-04
Descending stairs (n 41) 13-38 331 3.20 0-44 3.09 0-42 287-9 50-6 2772 49-4 1.04 0-02

*MET were calculated as energy expenditure for each activity divided by energy expenditure for resting in the sitting position.
1 MET were calculated as energy expenditure for each activity divided by 4-184 kJ/kg per h.
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Filtered synthetic

acceleration

Sedentary
activity
Household
Ratio of unfiltered synthetic / activity
acceleration to filtered
synthetic acceleration \ Locomotive
activity

Fig. 2. Algorithm for the classification of three different activity types, using a triaxial accelerometer.

Statistical analysis

All values are presented as means and standard deviations.
Differences are considered to be statistically significant if
the P value is less than 0-05. The relationship between
measured MET and the ACCgy count in the validation
group was evaluated by Pearson’s correlation coefficient
(» and the standard error of the estimate. Linear and
non-linear regression models were used in the validation
group to develop equations to predict MET based on
the intensity of PA, as measured by the ACCg count.
Differences between measured and estimated MET in
the cross-validation group were assessed by one-way
ANOVA followed by Dunnett’s post boc test or a paired

12 - R

10

MET

¢ test. Bland—Altman plots were used to graphically show
the variability in individual error scores in the cross-
validation group®®. All statistical analyses were per-
formed using SPSS version 15.0] for Windows (SPSS, Inc.,
Chicago, IL, USA).

Results

Data collected during the present study were analysed if
both MET and ACC could be correctly measured during
each activity., Mean EE, MET, ACCy.a, ACCq and the
ACCynai:ACCq ratio for each activity are shown in
Table 2. As suggested previously(lé), the one-regression
models overestimate MET for light activity; we observed

0 I !
0 200 400

800 1000 1200
Filtered synthetic acceleration (mG)

Fig. 3. Relationships between measured metabolic equivalents (MET) and filtered synthetic accelerations during locomotive and household activities in the vali-
dation group (n 44). R, (r 0-907, P<0-001), regression line for household activities only; R. (r 0-930, P<0-001), regression line for combined household and ioco-
motive activities; Rs (r0-961, P<0-001), regression line for locomotive activity only. Ascending and descending stairs were removed from the regression analyses

for Ry, A> and Rs. 4, Laundry; 2, dishwashing; A, moving a small load; A, vacuuming; O, slow walking; -, normal walking; O, brisk walking;
, ascending stairs; [J, descending stairs.

while carrying a bag; O, jogging;

, walking
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Table 3. Equations for estimating metabolic equivalents (MET) in locomotive and household activities by using filtered synthetic
acceleration (ACCg, mQ) in the validation group (n 44)

(r Values and standard errors of the estimate (SEE))

Equation r SEE (MET)
Linear regression model
Model 1
Locomotive plus household activities MET = 1.9494 + 0-0074 x ACCg 0-930" 0-804
Model 2
Locomotive activity only MET = 11372 + 0-0085 x ACCy; 0.961* 0-658
Household activity only MET = 1.4023 + 0-0188 x ACCy; 0.907* 0-460
Non-linear regression model
Model 3
Locomotive activity only MET = 0-8944 + 0.0126 x ACC% 0-961* 0-657
Household activity only MET = 0-8149 + 0-1014 x ACC{;™" 0910 0-453
Sex-specific linear regression model
Model 4 .
Locomotive activity only (male) MET = 0-8766 -+ 0-0088 x ACCy 0-968* 0-634
Locomotive activity only (female) MET = 1.3488 + 0-0083 x ACCy 0.955 0-658
Household activity only (male) MET = 1-4022 + 0-0181 x ACCq 0.911* 0.446
Household activity only (female) MET = 1-3951 + 0-0195 x ACCy 0-907* 0-470
Sex-specific non-linear regression model
Model 5
Locomotive activity only (male) MET = 0-6714 + 0.0120 x ACC%*° - 0-968* 0633
Locomotive activity only (female) MET = 0-5367 -+ 0-0284 x ACC§;5%* 0-956* 0-654
Household activity only (male) MET = 1.3172 + 0-0254 x ACC{;%® 0-911* 0445
Household activity only (female) MET = 0-2828 + 0-2393 x ACC*% 0-915* 0-451

* P<0-001.

a similar result (data not shown). Therefore, we mod-
elled the classification of our selected activities into
three types of activities: sedentary, household and loco-
motive (Fig. 2). Sedentary activities are discriminated
from household and locomotive activities, because
ACCq for sedentary activities was lower than for other
activities. Household and locomotive activities are classi-
fied by the ACCq1:ACCq ratio according to our previous
study (1-16)*7.

Fig. 3 depicts the relationship between measured MET
and ACCg during household and locomotive activities
performed by the validation group. The correlation coeffi-
cients for locomotive (r 0961, P<0-001), household
(r 0907, P<0:001) and combined household and locomo-
tive activities (7 0930, P<0-001) were high. We developed
linear and non-linear regressions for estimating the
intensities of household and locomotive activities;
ascending and descending stairs were excluded from
developing regressions, because the relationships between
MET and ACCy, for ascending and descending stairs dif-
fered from the relationship for the other locomotive activi-
ties (Table 3). As a result, the linear regression calculated
with combined data of household and locomotive activities
had a lower 7 value compared with all other regressions for
locomotive activities only. Regressions for only household
activities had slightly lower » values than those for all
activities, but the regression standard errors of estimate
were improved. Table 4 shows the cross-validation for all
regressions. Significant differences were observed between
measured values and values estimated from model 1 for
most activities. However, models 2—5 accurately estimated
the intensity of most household and locomotive activities,

with the exceptions of ascending and descending stairs
from models 2—5 and normal walking from models 2, 4
and 5, although the differences for normal walking were
relatively small. In the cross-validation group, household
and locomotive activities were correctly classified 100%
of the time by the ACCu,a:ACCq threshold reported
previously®”. Bland—Altman plots showed that there was
improved accuracy of individual activities with models
2-5 compared with model 1 (Fig. 4). Although all
models tended to underestimate higher vigorous intensity
activity with significant 7* values (P<0-05), household
activities were clearly well estimated by models 2—5. The
results of the present study remained consistent, whether
estimated from linear or non-linear regressions or from
sex-specific regressions.

Fig. 5 depicts the relationship between measured MET
and ACCg during sedentary activities performed by the
validation group. We selected three activities to represent
sedentary activities. As shown in Fig. 5, we calculated the
regression equation for estimating the intensity of seden-
tary activities by including dishwashing with the lowest
MET on average in our selected household and locomotive
activities. The threshold for the classification between
sedentary activities and other activities was determined
by the point of intersection in the linear regressions for
sedentary activities and household activities (29-9 mG).
With these threshold and regression equations, resting in
the supine position (mean difference 0-04 (sp 0-06) MET,
P<0-01), personal computer work (mean difference —0-03
(sp 0-09) MET, NS) and dishwashing (mean difference
0-02 (sp 0-31) MET, NS) were estimated adequately in the
cross-validation group.
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Table 4. Absolute and percentage of differences between measured and estimated metabolic equivalents (MET) from five equation models for household and locomotive activities in the cross-vali-

dation group

(Mean values and standard deviations, n 22)

Model 11 Model 2% Model 3§ Model 4| Model 59
Absolute Absolute Absolute Absolute Absolute
difference % Difference difference % Difference difference % Difference difference % Difference difference % Difference
Mean sD Mean sD Mean sb Mean sb Mean sb Mean sD Mean sD Mean sD Mean sD Mean sD
Laundry (n 22) 012  0-33 8.3 16-0 007 0-30 5-3 14-4 0-09 0-30 6-0 14.4 0-07 0-30 54 146 0-09 031 6-1 150
Dishwashing (n 21) 036 027 2377 213 0-11 0-27 8-0 191 003 029 3.8 196 0-11 0-27 88 19-0 0-03 0-31 39 20-6
Moving a small ~1.46 0.72 -30-4™* 103 -0.22 0-69 -3-0 144 -0-25 070 -35 14.3 -0-22 072 -27 14.8 -023 072 -2.9 14.7
load (n 22)
Vacuuming (n 22) -0.46 073 -10-4™ 197 —-0.05 0-64 3.0 222 0-04 064 62 230 -0-05 064 31 219 0-04 0-65 60 224
Slow walking (n 21) 0-63 0-42 21.5*** 14.8 0-10 045 4.2 146 0.07 0-47 3.2 15.0 0-12 0-41 .48 136 0-06 0-44 29 14-3
Normal 0-67 0-48 19.8 15.1 0-23 0-50 7-6" 14-3 0-22 0-50 7-4 14.4 0.22 0-48 7-4* 137 0-23 0-48 77" 14.0
walking (n 21)
Brisk walking 034 070 9-1 15.7 0-03 0-72 2.4 151 004 072 2:6 152 0-04 0-69 2-5 14.7 0-09 0-69 36 15-0
(n22)
Walking while 0-34 059 9-8* 153 -0-06 0-61 01 14.6 -0-06 061 0-1 147 -0-06 057 0-1 138 -0.03 0-58 07 141
carrying a bag
(n22)
Jogging (n 20) —0-50 1-39 -38 13.9 -0-18 1-44 -04 14.9 ~0-23 1-43 -09 14.7 -0-17 1.42 -0-3 14.7 -0-19 1.38 -0-6 14.3
Ascending stairs -4.13 0.78 —-53.3*** 4.9 —4.69 0.78 —60-6"** 4.5 -4.73 078 —-61.2"** 4.6 -4.68 0-81 - 60-5"** 4.8 —-4.75 0-80 —61-4** 4.7
(n19)
Descending stairs 113 073 40.7** 300 068 078 25.6** 292 066 079 251 295 070 079 26.2** 289 0-69 0-81 26-1** 296

(n 20)

Mean values were significantly different compared with measured MET: *P<0-05, **P<0-01, ***P<0-001.
1 Linear regression model for estimating locomotive and household activities together.

1 Linear regression model for estimating locomotive and household activities separately.
§ Non-linear regression model for estimating locomotive and household activities separately.

|| Sex-specific linear regression model for estimating locomotive and household activities separately.

1 Sex-specific non-linear regression modet for estimating locomotive and household activities separately.
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MS British Journal of Nutrition

8 K. Ohkawara et al.

Household activity
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Fig. 4. Bland—Altman analysis. Differences between measured and estimated metabolic equivalents (MET) are plotted against measured and estimated mean
MET for household and locomotive activities. (a) Model 1, linear regression model for estimating locomotive and household activities together (r 0-237); (b) model
2, linear regression model for estimating locomotive and household activities separately (r 0-207); (¢) model 3, non-linear regression model for estimating locomo-
tive and household activities separately (r 0-219); (d) model 4, sex-specific linear regression model for estimating locomotive and household activities separately
(r 0-212); (e) model 5, sex-specific non-linear regression model for estimating locomotive and household activities separately (r 0-207). —, Mean; ---, 95% Cl of

the observations.

Final model for estimating intensity of physical
activity (n 66)

1f 29-9mG > ACC,
Sedentary activity: MET = 0-8823 + 0-0351 X ACCg.
1f 29-9 mG = ACCg,
Thenif 1-16 = ACCunfi : ACCg ratio.
Household activity: MET = 1:3435 + 0-0196 X ACCg.
Elseif 1-16 > ACCynfii : ACCq ratio.

Locomotive activity: MET = 1-1128 + 0-0086 X ACCg.

Discussion

We have developed a new model to estimate the intensity
of daily PA, using a triaxial accelerometer in combination
with a novel PA classification algorithm. We classified PA
into locomotive, household and sedentary activities with
thresholds determined by the ACC,,5:ACCq ratio
(GRPACA) or accelerometer counts®”. The rate of correct
classification was excellent: 100% of the activities per-
formed by our subjects were correctly classified as locomo-
tive or household. With our new classification algorithm,

the regressions clearly improved the accuracy of estimating
the intensity of various PA, compared with a non-
classification model. This novel method is capable of esti-
mating the intensity of PA accurately and immediately,
serving as a practical field tool for researchers as well as
for general users. '

In agreement with previous studies we
observed that the multiple equation model improved the
accuracy of estimating household and locomotive activity
intensities, compared with the one-equation model;
accuracy improvements occurred for household activities
in particular. With the exceptions of ascending and
descending stairs, average percentage differences were
within 10% in the two-equation model, with more than
10% differences in several activities in the one-equation
model. Furthermore, we attempted to estimate the intensity
of PA with non-linear regression and sex-specific
regression (or non-regression) models. Prediction errors
obtained from the linear and non-linear regression
models were comparable in the present study (Table 4).
While it is still controversial whether the linear or non-
linear regression model is a better predictive model®,
inclusion of the GRPACA did not necessitate non-linear
or sex-specific regression equations. To our knowledge,
there is no evidence of a quadratic relationship between
MET and accelerometer counts in various PA. Therefore,
the linear regression model may obtain comparable predic-
tions as the non-linear regression model in the present

(18-21,31)
?
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Fig. 5. Relationship between measured metabolic equivalents (MET) and
filtered synthetic accelerations during sedentary activities in the validation
group (n 44). E; (r 0-942, P<0-001, standard error of estimate 0-151 MET),
regression line for sedentary activities; E», regression line for household
activities. *Threshold point for the classification between sedentary
and household activities (29-9mG). Dishwashing was included in both
E;and Ex. O, Resting in the supine position; X, personal computer. work;
A, dishwashing.

study, under actual free-living conditions. Furthermore, the
sex-specific equation model did not provide a more accu-
rate estimation (Table 4), indicating that we have devel-
oped new equations by linear regressions without taking
sex into account.

Accurate estimation of sedentary activities is important,
as many people perform sedentary activities at least several
hours/d®%?®_ previously developed accelerometer-based
models overestimate the intensity of sedentary activities™®.
In the present study, sedentary activities clearly had lower
accelerometer counts than other activities. Initially, we
hypothesised that the cut-off threshold between intensities
of sedentary and other activities should be the midpoint of
the highest sedentary accelerometer count and the lowest
accelerometer count from the other activities. However,
in the present study, we observed a small gap between
sedentary and household activities in the relationship
between MET and ACCg. Therefore, we developed the
equation for sedentary activities by including dishwashing,
which displayed the lowest accelerometer counts of our
household or locomotive activity. Using this consideration,
activities about 1-5 MET could be estimated accurately.
Therefore, we have classified an activity of less than 2
MET as a sedentary activity, using a cut-off threshold
determined by accelerometer counts.

Although PA intensity estimates were improved with
our model, we could not directly compare the present
results with previously reported models designed for

data collecting and developing equations. However, our
accuracies for some activities, such as personal computer
work, vacuuming and dishwashing, are slightly better
than the results obtained by Crouter et al.“®%'*¥ who
used two equations with a classification algorithm based
on the CV of the acceleration count. Moreover, our:
model possesses the following advantages over previous
models: (1) our classification algorithm is accurate but
simple, leading to immediate estimation of PA intensity
following a long period of data collection; (2) our measur-
ing device is secured to the waist by a clip only; (3) the
Douglas bag method, not a portable analyser, was used
as the reference method; (4) MET were calculated with
measured RMR (not 3-5ml/kg per min or 42KkJ/kg per h
(1 keal/kg per h)); (5) values from a triaxial accelerometer,
not a uniaxial accelerometer, were used for developing
equations.

Several algorithms have been developed for PA classifi-
cation. These algorithms were constructed using the CV
of the acceleration count based on the ActiGraph or Actical
devices"®#13® or using the ratio of vertical acceleration
counts to horizontal acceleration counts based on the
ActivTracer device®??, In these studies, the percentage
of correct classifications does not seem to be high, even
for the subjects used in the classification development.
Our algorithm may classify locomotive and household
activities with higher accuracy. On the other hand, other
reported classification algorithms?5>3® were developed"
to divide PA into further subtypes. These additional
divisions require a large quantity of data, a complex
calculation process or the placement of sensors over the
whole body; it is difficult to maintain battery power over
long periods, to check PA intensities in real time and to
wear and remove the device easily. Our device is worn
just on the waist, is held by a clip and PA intensities
were displayed immediately. This unique device is useful
for applied researchers or professional health advisers to
investigate PA in the field, and general users can monitor
their activity status by themselves, as the commercial
product has an liquid crystal display that can indicate
real-time MET values or step counts.

We employed the Douglas bag method as a reference for
measuring EE, while previous studies used a portable meta-
bolic system such as Aerosport TEEM 100 or COSMED K4b2.
For these portable metabolic systems, validation of
assessing EE during PA has been reported® ~®. A portable
metabolic system also has the advantage of measuring
various dynamic activities outdoors. However, portable
metabolic systems slightly overestimate or underestimate
O, uptake during exercise testing, compared with refer-
ence methods™~*® Therefore, the Douglas bag method
may be preferable to a portable metabolic system as a
reference method for measuring EE during various
types of PA.

Whether measured values or a constant value of
3-5ml/kg should be used for the RMR value of 1 MET
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is debatable. Typical values for the normal-weight
population were 3-5ml/kg per min and 42kJ/kg per h
(1kcal/kg per h). However, average measured RMR were
much lower than 3-5ml/kg per min or 42kJ/kg per h
(1kcal/kg per h) in 671 subjects, although many were
overweight or obese™®. In particular, body composition
contributed to the variance in RMR. In the present study,
the average RMR value was 4-1kJ/kg per h (0-99kcal/kg
per h), but the standard deviation was relatively large
(0-8KkJ/kg per h (0-19kcal/kg per h)). To our knowledge,
no description exists of whether the RMR value of
3-5ml/kg per min was previously measured in a fasting
state™, although the present study and Byrne et al “®
measured RMR in the fasting state. Therefore, the use of
measured RMR as 1 MET could lead to increased accuracy
of estimating the intensity of PA.

A triaxial accelerometer, capable of measuring both
vertical and horizontal accelerations, is more informative
than a uniaxial accelerometer, possibly permitting more
accurate estimates of PA intensities. However, previous
studies®?>49 have reported that the accuracy of estimat-
ing PA intensities did not differ between triaxial and
uniaxial accelerometers if these values were estimated by
a one-equation model. Although our classification algor-
ithm can calculate the cut-off threshold even using a
uniaxial accelerometer count, we confirmed that the classi-
fication developed with a synthetic accelerometer count is
more accurate than that based only on a vertical (uniaxial)
accelerometer count. Therefore, our estimation by triaxial
accelerometer counts should lead to increased accuracy
compared with a uniaxial accelerometer.

The present study had several limitations. We could not
accurately estimate the intensity of ascending and
descending stairs. Although previous studies®~2'3% have
estimated the intensities of these activities relatively well,
validity was assessed by a condition combining ascension
and descension of stairs, with only Yamazaki et al“”
performing the individual assessments. Under daily living
conditions, ascending and descending stairs are normally
performed separately, and thus these activities should be
assessed separately. In addition, we did not include station-
ary ergometer or cycling in the present study. Furthermore,
the developed model tended to underestimate higher vigor-
ous intensity activity. Therefore, future studies are needed
using the doubly labelled water method or a metabolic
chamber to investigate the validity of our model. In addition,
studies are needed to compare our accelerometer with other
types of accelerometers under free-living conditions.
Furthermore, more investigation is needed to determine
how well the model developed in the present study applies
to other populations such as obese individuals or children.

We have recently reported a simple but accurate classifi-
cation algorithm to differentiate between locomotive and
household activities, with a cut-off determined by the
ACCna1:ACCq ratio®”. Additionally, sedentary activities
could be discriminated from household and locomotive

activities with accelerometer counts. With this classification
algorithm, our new model exhibited improved accuracy
in estimating the intensity of various PA, compared with
non-classification models. Furthermore, this new model
is capable of estimating PA intensity immediately. There-
fore, the method is useful for field investigations by
scientists as well as for self-monitoring of activity by the
general public.
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