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[F]

—ROWBE L ITR LD ANER D, FRLGIETIT OBELGIENH D, TR

il

TR, ALV L—=07%21ToTEY, EEMEMEIC S B bR E 2 miT

TeHEET 2V — FPMTOWESFETH D p. THOHHET AV — MIZOBREFH L 1 A

(T TR & BN & B 5 2 B 217 5 .

Z L DR TIIRBETCHLT AV — F~DAMZBH ST 5720, “IRMEETH D

FERERA = RERRIBIEEEZRAWT, FFMAROELEZREL TBY, BRIEN

& (fat free mass; FFM) O < B35 LG LT 5. Ul EIIIPOKFHIBRNEE S 72

B, K& (total body water; TBW) DRI 72T L0 BiAKEER S & 2 S <

ROVREMENRH Y, RBRENN D DLEITIE L < H MO ZE M Z KL TV D 034

HTHD. LN -T, REEERET7 A Y — FOARBET O TBW OZ{L2EE LTk

FRLDFHI A LB TH 5.

{

T, T —RFOFFMEBT AV — hONRT p—< L A ETH DL —D>OHEEITL,
TRAF—HMORENEEL L OH KOOI ENDEINLTH D, =RV — AT

DOIEANE, =R /X —1HL (energy intake; EI) & = /L ¥ —{H% (energy expenditure; EE) &

DORFRPERESCH FHEEL D B DT RICB VT IR Y Lo T D, Ky DEE )N /e



AU, BRI EI 23 = R L — 4% fE(total energy expenditure; TEE) % b [RIAUIE A E L1

L, WZRIVIEREITED TS, LL, KoOEERH S I2GEITIE I ORY Tl

WO T, TBW Ol x L X —HiEEZ 2 5 FCIHEFICEETH L. RS, dOLN

T =2A bay hu— b &ZITHIZIZEL & EE OFHMIBRAI R ERD.

Z 2T, AW BEE 1) IO SUEEE & SR R AT O BET XY — F oS IRl

OB EZH SN T 5, 2) Mo E - BEEEE2{TOHE T A — o x

NR— RO DT H L & L,

INOOHRMEZEKT D/, A8 1 (5 %) TERR D 2HHOLEFAMEZ W

TR O By ARARRREE AT 0 & 7 /UAERRE K ORET 24TV, #F%E 2 (B = %) TRl & &

WG S B R & =1L — RN 5 2 DO ME 21T > 72,



(7]

M1

FEAEFVE 104 (FEHD; 23.1+1.6 5%, ' F; 171.743.6 cm, /K H; 63.6+4.5 kg, BMI; 21.6+1.3 kg/m?)

gl Ui-. xt%icix 1 BAE 2B H (Baseline'™; BL'™, Baseline®™; BL™) & & A §HAk

WEDRH, WEOEHNPR2NL I L. 1RE & 2 HOZERMAEREGIE 3 A

OMFEZ B\, TBW HED 72O DL EFRMAKIT I EH & 2[EH TR L FEMEZER L

7=.

TEREHIE 13 12 BFRE UL E o oIREE, PERZIZIT->72. HEIX 0.1 cm AL CHIETE %

HEFTHELE., EEIZRED FTEDLTT VX VIKEE (Shinko Denshi Vibra Co. Ltd,

Tokyo, Japan) ZfHH L 0.01 kg £ THIE L7z, KHEKREOHE & FIRFIZ 100%EE 3 O FFFEY

ECHRRAEAHETE L, #iE L KPEEIC LY SREE4 S L=, TBW [ZEAKFEKA CH,0

99.8 atom%; Taiyo Nippon Sanso, Tokyo, Japan) & F#£3£/K (H,'®0 10.0 atom%; Taiyo Nippon

Sanso, Tokyo, Japan) D% & [FINZARZ FHVTHEE L7,

%Fat (% Siri ® 3 K ETNVOXEHNTHI L7z, BH I /m%Fat 10V FM Z#&HH L,

RE XY FM & TBW % 51\ 7 Ml % BRAR N E 47 8 ( free fat dry solid ; FFDS), TBW & FFDS

ZRLU7-MEAFFM & L TR L.



M2

IRE PSR BRBR(R 7 2 7, Zeil) D & % A M 10 44 (4RI 20 + 1.4 7%) & AWFIED

wgE LTz,

ARRFZEIL, 2SR O AR RFGE 1, Baseline; BL), 2RI & % O I8 & RN B (8 &

1, Wegiht loss; WL), GUHHE & O Y &R E MG & 5], Weght regain; WR) T 3 [ D HIE 2 IHIZ

137 RGO BRI OKE L 0 1B CTRED %% H IR Z T,

ZO% 1 B CTHREZREMOKEICELTH L O Ko fnmLiz. ks (FoF, 8ok

HIRR) , Rl R, B RO KIC K DENE X 5N L0, METIETHRE I AELE.

HEHEDOBREIZAZRY v 7 F ¥ o _R—IZ ANET 5 H ORI 12 B E o oIk EE,

PERPEER AT o7z, HRIT 0.lem BALTHIETE 2 Kt CTHIE S /e, (REITELET

7 X VAR E FH(Shinko Denshi Vibra Co. Ltd, Tokyo, Japan)Z{# ] L 0.01kg * CTHIE I v7z.

KPR DOMRIE & [ 100%F23R THEFR 21TV, RRELHEE L, MiEL7oKPEREIC

X0 RBP4 HE L=, TBW (2 E /K ZE(*H,0 99.8 atom%; Taiyo Nippon Sanso, Tokyo, Japan)

& L ( H,'®0 10.0 atom%; Taiyo Nippon Sanso, Tokyo, Japan) D22 i [FIAL 4 Z AWV THEE L

7=.

%Fat |% Siri @ 3 3 ET NVORXEHWTHEE Lz, B & 7=%Fat X0 IRIE &4 5 N



L, AEEX Y FM & TBW %8|\ /-{i% FFDS, TBW & FFDS % /& L7-ffi% FFM & L C&

HL7-.

KIRFITHE OFTA 2 & EBHZRFIBEED TR LT —HEE~DEEL BT 57201

MLUWEB ZITORWE s IR Shiz. v ) —A—=FNTITEMLEFE L, F7oRpH

11

7=
L

(S TUVEBHE, HEXWE L TE I L. dREITE S TRE AR U, MR L

i1

Tl
I

SMTEZR WIS ICER SN HE R DY FTAT:0005RBEZAZRY v 7 F ¥ =T

AE LT, 1740 ITHBREIIEMEICADLYE, FH TR CEXT-HHABLZERLIAED, 18:00

IZE_EDD LT LT, 23:00 IZEEE L 6:00 (SR L=, Z O & BEIRIFCH (sleeping

metabolic rate; SMR) & L72. 6:00 |[Z/EK L TH 5 IXIEHEIEHT (basal metabolic rate; BMR)

ZHETH7-DIMEMIT 6:30 FTWMILTH B o7, ZOMICKHBENE LWL ) ICE

L. Z20%, 640 ICHEZEURD 7:00 TEICHIEEZ & KR, 0% 3 RpfHlEALZ

Fratkb, 103012 AFRY v 7 F ¥ =6 RBH L.



GRS

3 pArE TV CRME S AL SRR, BEBICREWT, AEREEERD R0 (K

H; —02+0.5kg, p=0.17, %Fat; —0.1 £0.5 %, p=0.49, {KAEN&E; —0.1 £ 0.4 kg, p = 0.36,

R7K5y &, —0.1+0.4 kg, p=0.56, BRAGHIETE 77 &; 0.0 £ 0.4 kg, p=0.71) . ZEREIEL, W

NOHERICEBWT 3% Th - 7.

WF2E 2

REIZIEE M2 S ERIC T TEREIZRED L (-6.0 £ 0.9%), £ O% O &I L

7o, LoL72ens, WMEHMOREIZBEFEHOEREE THM L2~ 7-. TBW LEFHN D

BRI T CHBICHED L (5.1 1.8%), % O%OHELIHIMN L. FFDS I3l % 5o

) UTESNCABEICHED Leny (3.9+1.5%), = OH%OBEELIIHIMN L2, FM L@ H0

SIEMNC T THEEICHEAD L ((15.5 £ 12.1%), HEH ML=, @EHHo FM It

N BIEETH - 72(-10.0 £ 6.5%). SHEEDOKREBIZH S L2 FM & FFM OEIA &

LT, FM 28 33.8 + 13.6%, FFM 7% 662 + 13.6% Ch o>7-. AHMEIZHE L TW/=FM &

FFM OEIE1EX FM 2 9.2 +£32.3%, FFM 2% 90.8+32.3% Cdh - 7-.

1 A4720 285 L= BMR (3085 826 U CRE T4 21112 3 - 72 53(P=0.09),



HEW I EE M EAERBMTR N T2, £, {KE L FFM THiiFE L7~ BMR |Z

TRTOHMNICBWTHEREITAR b2 o Tz,

SMR [FiEFH &g L7z & 2 ICWE THE R 2R L2 28 ARE AN V@ w3 E

THII L 7=, fAE L FFM THEIE L 72 SMR (Z0@ W ~_BEM CITaE B 2R LTI

0, ZOROZHIEETHIN L.



AWFFE 1 O HRYTE R D 2 MIHOLZEFNAS (BEARFEKE HERFEK) & 7 mE o

TBW #EIEB LU S ET VOMA ThH o7z, #iRE LT, RELOCHRMEAOAE

BACZRB O IR no T, BHEOEEREIT, 0.5-2.2% % R L, &b KEWEEREIIANEN

‘L %fat ThoTe., FHWMEDOEERELIToTMIZEICL D L, BT X MEIZ K 5L 8%

$2.3+1.9%& WS, KEBRTOEEEREIL, TITHEOMEOHFHEBENTH Y, [FEMED

HOHEE L TEADLND. KERRET 2 Y — F OEREZEBIHERTAED 5 % LED L,

BiKiZ 2% Bl Z 5 Z PSS, 1 EBEOBEBE TRZR - 2L ERMEZ vz

TBW OHIE TR Z FH L7258 bRERD R4 X 512, 3ESy RIENI &, (KT &,

BREGIIEIE &) ZELSFHMid 2 2 LA THL EEZDND.

WFSE 1 ORER A FLITHTZE 2 250 L 7=, BF%E 2 O Em RIS IRERSHRA 07 2 U — F 23T

O BRI 2 ORI & £ D% | B O EEIC X D REOIZIZ I TBW & FM A3 FHS L

TWLHZEThD. AR TIIEERERG T 2V — 23T O SulBE & 208 & o & (K1

il

D2, HFZ FM:FEM O DR e TBW OZALIZEH LES 21T 7. FORE5,

BT & R TEEBER ITRED 6% L, HE%ROHE CTIRED 4.6%H900 L7z, KREW

L@ 33.8%7% FM T 66.2%7° FFM T - 7=. (REHHIND 9.2%75° FM T 90.8%72% FFM T&H >



2.3 A E T TRY L BRI X D RE O LKL 50.6%78 TBW Th D, 33.8%7% FM,

15.6%7° FFDS D/ Th - 7=, JEE O & CIAEMED 67.5%7° TBW THY, 9.2%

23 FM, 23.3%73 FFDS O & Th - 7o, ARHFRIZE VT, TBW IR Z IS KIEICHED L,

BEHICHEINL-Z2 225, TBW OLIZITZZ Y a—4F L OBenEELTEY,

FFDS O 37 ) a—4 o O TiER Wi 2SN 5. AFEO T 2 U — MMIE M

T FM:FFM 288 122 £ X0 %< @ FFM 2380 L TV 523, FFM OV O 9 H O KER N

TBW Tho7oZ &b, KRB TITEITHZE L B2y, BMR 23 20H )k & (P=0.09)<°20H HY

Bl VERBEEZhoT-mRBENEZEZ NS, £72, RHFFETIZ TBW HIED T —/LF

VAR UK — RTHAREFNEFTIRELZ W23, TBW OHEIJIZ BMR O L7

Nol-Z &b, TBW OEIFIT BMR I 4 H 2 720 LivZeu.,
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. 2B E L SEEE

il

—ROWBE L ITR LD ANER D, FRLGIETIT OBELGIENH D, T EEH

TR, ALV L—=07%21ToTEY, EEMEMEIC S B bR E 2 miT

TeBEET AV = FPMTORELETHD. ZNOHEET A — MIZO®RKFMNS 1 A

T THREZEMSE 52088 EL21T ). MAEMITBELZIT O 7 AU — FOBEFEIC

IR E o TIRERSRA], FER, LESROBENH Y, FrIFkE, VAU 7, K7

T EOREERE OBRERIIL—LE L THREORIBELNH S 412, 1THEBSEBIC

T CIEE LUVIBEZIT> TWAERICH D (AR D, 2006). ZIETOREND, Bl

T AV — b2 1AM B A UN TREROKE LY 5% L2 85 2 & 2miiFo

LERDOT, BEBER, BEFHNADL 1 RIIHT TREZENIES Z L2 0H

A

il

Uz

E=8us

HA B & EFe DT 72 (Oppliger et al., 2006; Oppliger, Steen & Scott, 2003; Steen & Brownell, 1990)

I @EBEEFEE AT+ —<v X

BT AU — FOATHWE TIEHFHEHFEAIC L > THMIZE RS2 bOD, WThbEE)

M EZH-> TRELZITS. LL, EEREIITFEERESHE N7+ —~v A2 ETIET

WHZ e b v, AREEMEIERERE~O BT o Sl & & RWIM oRE Tl

10



BOFH ST A2l U BRICIIBEZEICHN D . 5-36 R OFIRAIOME 2 TV TIT 5 20l

(KED 1.9-4.9%) ITBWTITABBIEEEROIKR TN L5 b OO (Armstrong,

Costill & Fink, 1985; Webster, Rutt & Weltman, 1990), 12 ¥ [ 0@ AR E & 2347 o & CII AR

FMEAEERE DHERFC L /L 5 41 5D (Kraemer et al., 1999). L L7236, (NEE PSR H Bt 7

AV — NN REHERICEEEEZITO Z LI XY, AEMEIEEES Wingate test 72 £ C

il

IREN D MEEFRMERBE 2 MR S8 5 2 & AT & % (Fogelholm et al., 1993). 2% < DIREMERR

DT 2 Y — MIRWH CTRELIT O O TiEe <, EHFTREOREL Eii L TW\WHE

Wiedh s, ZnbH < OERERERGEIT 2V — FBR AT 4 —< U AR TORBRIERH 512 H

OO TREBMELITI 2 LIFRICa sy Ny FRAR—Y TZORE - #&7ENAFNE

SEEELTEREY, TUEBEIIBKSLYOKHR, @Rzl Lo —RNR2ETHY, 3

l

BRICHFHRPAHNVEMEIC LV EELZ TN TE 20 TREIZITHEHR LY b EVKETHY

L, HEAHFLY bAREIHTAMICRAEZED DL LN TEDLZLEZERLTNDLNHLT

AN AVERE S AV (R

FIIL AERRE 7T 2 ) — FoAFEBE

BRI =2 F—INZ 2 AT 5 2 L TEICEHIEN 2 S TRETiE, FERORER

11



REHEMNZIZRL, ZOFEEZRORWERBHRBEZIT I ERER L 2> TWD. KEO

AR AE 2 R & Lo S Tl o — X IR L 728 T34 50% % &5 9 (Kiningham &

Gorenflo, 2001), Z O K BHEHH 72 B EEZIT> TWD EDORETH -T2, S BT

ARANDOLVAY U@ FEMRIC LT 7 — MAEICKD &, BIHRTO 90%1T Skg LA

FOREZFEHBL TS THY, D95 12%I% 8 ALANOEWIRICE W CRE O &%

Fhi L TWD (AR5, 2006).

I-IV. KBRS 7 A ) — b O F &K

IR OEAIX, BEEIT O L CRERBICCERIENI & (fat free mass; FFM) OZ{L 733

T =R BEREZ LD, TAY — O E AL RIS <

1713 % (Dixon et al., 2006; Dixon et al., 2005; Kordi et al., 2012; Kukidome et al., 2007; Rankin,

Ocel & Craft, 1996). %< OWFFETIEIRRETHLT AV — b ~OAMHERFE ST 5720,

TIRMEHHETH D ERERA =X ZEPRNRREZ N T, F RO Z Lz A

LTHEY, FFM OLL NEDT 5 L#H5E LTW5D . 23S ICITAUKEIEDE S 720, K

K538 (total body water; TBW) DRI XV ACKRIES SIS E Z shod <7 wf

REMERH Y, BRI H D 5EICIEL S FERMRO L Z KR L TWD2EAHTH

12



L. Lo T, RERRET 2 Y — b OGRS O TBW O a2 B8 LS O

A LETH B

LV. BHEBE L = XX —AH

TR F—RPOFEMNT AV — FDONRNT f—~ L AWM ETH DL —2ODHAIE, —x

X IO RER B RE S LOHBMRO LI RN 1D TH D, =T —R{F DIk

HIE, =%V ¥ —HL (energy intake; EI) & = R /L¥—{H% (energy expenditure; EE) & ®E

RMERESCH RH AL S & O T2 RIZB W TEEIZ AL Y 32> TU 5 (Elia, Stratton & Stubbs,

2003). K53 DZEEY D72 1F FUIE, BREIZ EI 238 = R /L % — {52 E(total energy expenditure; TEE)

o BEFVEEEZIEML, FCRNVEEREIRD TS, L, KaOEBRH > T-5E

WX ZDORY TIEZ2WO T, TBW Ol = % A X —HiaEE 25 L CHFICEETHD.

FIERZ, bRy oA hay ha— %179 I21% EI & EE OFEHEN AR AR L 7

I-VI. BFE B B9

AWFFED BE9IE 1) M oREEE L 2B ELZITOBET A Y — F OFIRHEKR O L

b6t 2, 2) AHMOSEBE S BFEREELZITOBRET A — O X)L ¥ —

13



Rt oOEEH LT HZ L L LT
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W0 D 2R DL ERNAKEZ Az
HHAR O AR ECGEM O T UERRE L O T



1I-1. =

SR VTR EI RS E © 72, K7k 73 & (total body water; TBW) D23 721

DIBAKREED G & Z ST < R D TREMED B D (AR &, 2006). BiACKREEIZHED &,

RIS EBIRE D /NT o ADSEAR,  FRULHE ZIL U DI FICHRA REENGI S SN

L0 5, 1984). 1> T, REPORIPIIET D 720121, BET K OBEEE O TBW

BT 27T — A OEBMBLETHD.

TBWHIED T — V7 A S B — NI S A EHEE D 2% D — IRFMIHEEIE T o 2 HAKELHE

B W RERMAFRRETH . ARFRITIE L L EFELRVWEKSE CH0) £7-

ITEEE (H,'°0) CE#S SN AKEKL, 0% 3—4 BEEIZEY (KN TBW T—EIC

RS ND. RS ARERNCERIR & L <UEERIM AT 9 2 &IC K VKR EET TBW OHEE %

192 ERHKS. LoLand, 2nbodEkx®E (H,0) -3 ERE H,°0) n¥—

VA== BI121E 2-3 » AFRE O & A4 5 (Yamada et al., 2009a).

it~ T, B O TBW OEB 25T 2 221X 2 b 2 DD R DL E R Z v

TBW OFlNME L 725 TL 5. FEAFE (CH,0) 1% TBW LISMC 4.1 %ASIFNIC A L, &

2% (H,*0) 1307 %I X T ANIIHHT D E VI EMEZH S DD, Racette H 3R T,

TBW HETE D 2 O IE A48 UL FFREE O TBW OHEENFRETH 5 & % % b5 (Racette

15



etal, 1994). L2>L7223 5, B O TBW #EE D 428725 2 FIEOLZERNAKZ -

WEZEIRIE & A E7R0.

Z ZTCAWIED A & R 5 2 RO L E RALAR Z2 V72 o TBW HEE &2 fRasd

HZEE L MAT, HEUMMOHEHEROLE ZREE LTI 0Hks L&

LN IWMAET VERNTHZ L L

16



II-l. 5

A. XtBRFE

FEAE B ME 1040 (R fih; 23.1+1.6 1%, & & 171.743.6 cm, {KH; 63.6+4.5 kg, BMI; 21.6+1.3 kg/m?)

xtgel Uiz, BFEEMICN D, B TOMNBE~A T r—b Kartvr b &EhL,

WHIEBIMEEE~DOBEL 2FF7. AWIEI3E MR E e m el R B2 o&RE (10-12-02) =15

B. tREET VA1~

SIEHEIZIZ 1EIE & 2[8H  (First, Second) OHIRHAHITEDOR, KEOLEBN WL D

WZIKIE L T2

1[EH & 2B HOZERNMAKES X3 B OMEEZBW=. TBW HIE D 720 DL E RN

T 1EEE 20 CRARLFRNAARZER L.

C. HRHERHRE

TEREMIE I 12 B LL o OREE, PEIREICIT 72, HRIT 0.1 em BAZ THRIETE %

HEFTHELE., AEIZRED FEDLTT VX VIAEE (Shinko Denshi Vibra Co. Ltd,

17



Tokyo, Japan) ZfHH L 0.01 kg £ THIE L7z, KHEKREOHE & RIRFIZ 100%EE 3 O FFFEY

ECHRABEZHEL, MELKPEREICEI ) HEREELZREH Lz, KKy EITEKFEK

(*H,0 99.8 atom%; Taiyo Nippon Sanso, Tokyo, Japan) & HEfE#E/K (H,'®0 10.0 atom%; Taiyo

Nippon Sanso, Tokyo, Japan) DZZ7E [FINAAZ FAWTHEE L7, &5 23KV E (%Fat) %

15%EREL, BRIBIEIC 0732 OEKEFEL, BRASEEZHE L-E%E T2 2H,0 Thh

1£0.12 ghkg, H,"'0 THIIT 2.5 ghkg DG H#1To7-. Hy T A& ZflfE L LT H, # X T,

801X COy H A TEHHEIC LV BILE 24T - 7212, *Hy, 'P0 0% E RN AL %2 8 B /47 o

(SerCon Isotope Ratio Mass Spectrometers CF 20-20; Sercon Ltd, Crewe, UK) (12X 0 734r L7z

(Yamada et al., 2009b). R DL ERNARLE S, UL UL ERNAARE L, [a(ds —

db)] / [WA(da — dt)] TRDOOHND. 7720, WITFENARE M OBRIC 2 ERINLIK %

FRT D DITHOTZCEK D E(g), AlXEE LR ERNMAKDE(L), da lZfAKLIZLER

RLARIZ 1T 2 FNCARLE, dt 3L ERGAR ORI O T2 ZOBK D RIGLIR L, a IZ RISy

Hr DESIZHCEK TAIR S N2 2B RINAR D #(g), ds IFIRFTORNAKEL, db (3% GHTD RO

R CTH S, KD BT EKSEIZH THILUT 1.041 THRL, B0 ThiE 1.007 T

LA 1E %17 - 7= (Racette et al., 1994).

KRE I H MR OME B FFNRME L T SRR ZITV, ZORARE 2L ERA

18



Rk Uiz, LERMARDIAKE D 2,3,4 IR ICERIR 21TV, TR L E RALIA DA

DRI LB 2 oD 34 KR EZMEH L1 > 70 3 B0 21T - 7. (KK

B3 W] & 4 B &2 R LI BiE AR LTz,

%Fat |Z Siri @ 3 ik ET VO E W TR L7=(Siri, 1993). HH L7=%Fat X v {Kfi5

WiEzGEHL, REXVKENE L RS ELZGIWIEZRIEEE &L L TR L.

D. #EHALE

FERLTOEYIME + FEERZE TR L2, 2 TOMEHLER X Microsoft Excel 2010 Z FHVT{T -

7. 2HEMOFEDZDBIEITIIRIED & 5 t E 2 7. 1, AEKEETp<0.05(

HEL.

19



I-l. &R

3 plGrE TV TR S AL SRR, FAHEEICEBWT, AEREZREO ol (K

H; —02+0.5kg, p=0.17, %Fat; —0.1 £0.5 %, p=0.49, {KIENi&; —0.1 £0.4 kg, p=0.36,

KRSy —0.1+0.4 kg, p=0.56, FRIGMIETE Sy &; 0.0 £ 0.4 kg, p=0.71). ZELREIL, VT

VDI EIZF T 3%AH Td o 7= (Table 1).

20



-V, £%

ABFFED B E)IT I 2 2 RO ZERNA (BEARFRAK L ERFK) 2 VI EHF O TBW

WEEB L3RS ET VORFT TH-7=.

RELOHEHAEO B R B ERBO ol FHEOEBHRHIL, 0.5-22%% R L,

b REWEBRBUIMBIEN & & %fat ThHo7o. HEMROIBEREZIT S IFEIZ X D

&, BT A MECEDEIMRE 2.3 +£1.9% & 5 4TV 5 (McCrory et al., 1995). ARFEER T

DEBRENL, FATHZEEOEOHHNTH Y, FHEEOCHLMHEE L TEXALND.

RE PRSI T A Y — N OREEEIEREAED 5 %L B L, BKIE 2% EEZEZ %

TEMTREND (FADS,2007). 1 EMOENIM TR S - ZERNMEEZ V- TBW O

HE TR &2 R) M L7256 bR R 3 & 918, 3y (RIENIE, K&, BRIE

WEE &) ZRELCHET2 2 &N THLLERADND.

21



II-V. #5#

B2 2HEOZERMAEZ NS Z & TEMIFO TBW #EEZ1T) Z &N TEX L0

BEMENRIE ST, AT, B O KR OEEZ 3 JoET /vE WD 2 & TRl

T 52 kD MRS RS L.

22



SRR & SHE BN B AR &

:E.\\D\‘»—-‘iv— >
FE B G  B HEO MR



-1 #&&

FiE, VAU T, WY 2T e EORERRGOBEIT L —V E L TEREOHIRA &

D8I, BLULWEEEZIT> TS, REBEREIO7 2V — MIBE ORE LD bR FER

TRECHTETFAS <, BRI OB TR E 23D S &5 AR AT, Z0%

BRI 5 1 B CHRE A2 BN &8 5 20EH 8 417 9 1712 5 5 (Oppliger et al., 2006; Oppliger

et al., 2003; Steen & Brownell, 1990).

SR TR HI RS E © 72, K7k 77 & (total body water; TBW) D23 721

DIBAKREED G & Z ST < R D TREMEDN B D (AR &, 2006). BiACREEIZHED &,

RO BIFE DT o ADSEAY, IR ZIL U DI RICHRA REENGI S Z SN

5 (T 5,1998). 1> T, REPORINPIJEET D202, BET K OBEEE O TBW

BT 57— OFEBEBIMETHS. TBWHIED T— /LT U AKX X — Rix—R AT

HDHEKFBRLEREZ AW TELERNARGIRIETH 5. 6 21X, IEiEE O &I 5 TBW

DZEALIZE L TIEWL D0 DN 8 %5 & D D (De Luis et al., 2009; Siervo et al., 2010), 5 &

ATOWIENI RPN IEH TH 57 AU — FOREMEE T O TBW OLA{L 2 L ERMRARIET

AARTEFTRIT TR 2 DH DR Y DR, WS ONDIATHIIE T, “IRHEHEETH 5K

THREMEFHANESERESR A B — 4 A (bioelectrical impedance analysis; BIA) £ & o
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7o ik O TR R O B RHL AL D2 L 2 A L TV 5 23 (Rankin et al., 1996), Zi15H

O ZIREHEE TIEZ < OREPLET, DEBER EQMARED’ H 2HEITIEL A

FRDOEAZ KL T DMIARHATH S, LeRn > T, REBHRE T R Y — b oSk &E

F D TBW O ZERNMNEGIREEZFHVWTHLNITAZENNLETHS.

FHAR—YHA TIE TN EEIER R RPFEES D720, REBDICED S FK)E

i (fatmass; FM) & BRAgNG&= (fat free mass; FFM) O#E|4& (FM:FFM th) ZBH &N T3

T8I, REOBEAT AR LRSS AR L T O RERD 2 ER T D ETHE

BCThDH. TR EHEET 5 — kL & LTI, K {REL (under water weight; UWW)

15, ZE RN IR, — 8= R L — X BRI (dual-energy x-ray energy absorptiometry; DXA)

1k, BERIR R E 1L (magnetic resonance imaging, : MRI) 72 ENRNFET D08, TXTOH

ETIRENMIEL, AMBEO X 912 FFM 125D 5 TBW OEIAENELL 9 5548 TiF,

EOH—DOHEETHIEL KR ZFHET 2 Z &N TE R, LR >T, UWW iEL

TERNMNETTIREZ S DD 3O ET LR, THICE HIZDXA EXHASDLED 4

BT Vi ENRIEREE D I — LT AKX XA —REE L THOYLRS., L,

KEEHREIOT 2 ) — s OAFEBER L OF 0% OAFM &2 5 FM:FFEM o021k %

S5y T VTR LRI 2. 2o XD 7 — 2 2d@nd 5 2 LUk, RERSRE] o
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AR =Y BFEA~OHEY) R RRLED) - MEFFEZ1T) L THELZIAOND. 4 K3ET/V

E3RTET I EDERY, DXA TEEEZNTET 20 E 2N THDIN, 2RO

WEROEEIE, 1-100g KiETHO, Z0 X5 272 i FM <° FFM 2 #E3 % T

K& B 5 2 722 & b (Karila et al., 2008; Santos et al., 2010), Ul E T O FM <°

FFEM OZEALZHSLNIT 59 2T, 3 O ET A THL YRS, F 2T, AFET

1L, UWW EEZERNMAEFHRIECL S 3ROoETAMCLY, 2BER X ORZDH% O

EW O FM & FFM O b Z AL NZTH 2 L2 E—0H E L.

1)

MZ 7T, FFM IZ& EN DB & FEuEICHT (basal metabolic rate; BMR), REEHR FBF A3

(sleeping metabolic rate; SMR) 72 & OZFEFD — 3 )L X —{HE &IXE WAABERICH Y

(Ganpule et al., 2007), FFM D7 245 O = 3L X — 4B &2 % M E T RN

L. LAY ITRFEGRE L2 1 BT 2.9 ke DARBE AT - 12 THIZE COHEIT

FFM 1kg %72V @ BMR 3 LT SMR 28 EIZHA 3% & L T % (Kukidome et al., 2007). L

NLURNG, ZOHRITHFSETIZI FFM 2 BIAJETHIE L TR Y, iR X oz 4 MEic kRIS

L720, BREADLETHD. £, ERICITREBERZ ICEEEE L THERICE T2,

PR ER R L7 BR o = oL —{HE & & SRS S W TR L2 JEI3 TR % D %0

HIRY BT 570, F 2 CANE CIRE I T o 20k & & 20 &5 BMR, SMR, (2
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FIFTEHELZPAS)NCTHZEEE _OEME L.
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m-n. 75

A. XFRE

IRE PSR A BRBR(R 7 2 7, Zeil) D & % 4 M 10 44 (4R 20 + 1.4 7%) & AWFIED

R L L, BEKRFHMEEESOER (10-11-1) 23 TTo72. [BE AT HHY

BLOWENE 2 LIk, BXIRED DB~ OK 2 ik & FHEIZ L H.

B. FET VA

ARRFGEIE, 2SR O AR RFGE 1, Baseline; BL), 2R & % O I8 & RN B (5 &

1, Wegiht loss; WL), GUHHE & OB &R E MG & 5], Weght regain; WR) T 3 [ D HIE 2 IHIZ

1T-o7-.

SHRE T AR ERT OBEHOMRE LY | B THRED 5%4% AEICEEZITV, Z0

%1 A CTHREZBEEMOARREICELTH S O L9 IHR Lz, BiKiE (07, BoKHlR),

BEFHR, FHEOMRICIDBMENEZONLD, WEITIETHREICEL. M

DO FEERITIEIT Table 2 IR L 7=,

C. &R E
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R OBIEIZ A ZRY v 7 F ¥ 8= |2 ANET 5 H ORI 12 BRI Eo# i ok

RE, HEIRPEER AT 72, HRIT 0.lem HALTHE TX 2 H KA CHIE Sz, (REITEE

ECF v X VAR EFH(Shinko Denshi Vibra Co. Ltd, Tokyo, Japan) %z L 0.01kg F CTHIE X i

7z K REORIE & FRFIC 100%M85R THFR 21TV, FRRBEEHEE L, MiE L 7zKHPE

HIC & R A2 BIE L. TBW IXE/KFE(CHL0 99.8 atom%; Taiyo Nippon Sanso, Tokyo,

Japan) & £ ( H,'®0 10.0 atom%; Taiyo Nippon Sanso, Tokyo, Japan) 2 i[RIz 4 % FHVN T

HeE Lz, #HBEIIEIENIEEZ 15% & GE L, BRIBNEIZ 0.732 DES A /T TBW % H#

E LM% 1T, H0 THAUT 0.12g/kg, H,'*0 ThiiT 2.5g/kg D E-%#4T-7-. Hy 13 A

LRl L UC Hy H AT, B0 13 COy H A CIEMYEIZ LV BTLELZ 1T - 721%, *H,, ''0 0%

TE RN AR 28 B b 73 ARt (SerCon Isotope Ratio Mass Spectrometers CF 20-20, Sercon Ltd,

Crewe, UK) 2 X Y Z3#T L7=(Yamada et al., 2009b) JRH OZERNAKRLE NG, EEAEL L T-%

EFAAARREX, [a (ds—db)] / [WA (da—dt)] TERDHND. 72720, W IXFENIKL

SN DB ZERNARZ AR 2 DI AWK D& (g), AlF#RE Lo ERNRD

B (), da (3R UL ERMEICE T 2 FEAALL, dt (3L ERNARD AR A 72 #os

KORIRLIALE,  a IZRIGLARLE T OBRICEEK TR S e ZERMAD R (g), ds TR

FORIMELE, db X GRTORORENMIKL TH . KD HILZ TBW IE °H ThiiL 1.041
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T L, "0 ThhiF 1.007 T LAHIEA1T - 7~ (Racette et al., 1994).

KRE I H MR OME B RGN L T SRR ZITV, ZORARE 2L ERA

Rafok Uiz, LERMARDIAKE D 2,3,4 BRI ICERIR 21TV, TR L E RALIA DA

DOERIEH LB 2 oD 3.4 BERZFEH L1 o7 3 Bogir#1T->7-. TBW

X3 HFHE & 4 R 2 P Lo b O 2R L7z,

KRR I R (%Fat) X Siri © 3 %€ 7 VO A& W CTHEH L 7=(Siri, 1993). H H & 3172 %Fat

FOERIEE&ZHFH T L, AE LD FM & TBW % 5\ 7l % BRAG I E T 43 & ( free fat dry solid ;

FFDS), TBW & FFDS % /¢ L72fi% FFM & L CHH L7-.

DAKREEB LNV EREERE

B KI5 E) L~ ( physical activity level ; PAL)DFEAM 1L, 3 #ili ik & & (Panasonic Electric

Works Co., Ltd, Osaka,Japan)% V7= (Yamada et al., 2009b). *}Z:E 1%, @HEFHAOHEED 1 18

FIRT L W EZ B L, EHEHIORERK T F THAE Lz, T3S M oG B & 0¥

fEz vz,

MRETERAT SN A ERARNOBFHFHEFICEFEL (BEEBIH O 1EF) 2 6EE

B EEEHIH O 1EK) SHEEH (REREO 1 H) ORFANREKROHENEZFTERK L.
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FEA EOEEFHICE L IR EICE/IC ot 2170, EEFEHOEN N KL

L., BFOHCRLALRRIHRE TN A TN EOHEFER S LUIT V2T

AZIZRVBEEREZZIT, TRXTOWEN KD ZERIC, RFRAEE L GFELZREIN LE

PUORB LB S I 25806 L7, sk SV NEITREME R Y 7 b (=7 BVREER Ver.

45) ZHNT, ZRXALFXF—ROKRELZEREZHET L.

E. 2ZHRY v 7 F xR —

ALZRY w7 Fx o =Tt FOZR X —RF@ 2 ES 2 MEAREO -FETH Y,

Y ATIER T — NER EOIEBORIRE 2T 5 & 9 72 51k L 13 A, REFFHHEEN T

ELWETHD. HENITEAMEIER SN TV OB EROZER 2@k L THIZE L TW

. BUZERT Pull XA 7D ) —A—XTHV, ErHEY ALK R

HE(25°C, ML 50% % SN 7= ICE NI

oy

SN, MEBEANTHIICEAG S%, P

B b —EREOL / min) 3| S, HEHICEY (5 DA A AR v — L R

(CMS0200 Gas Mass Flow Meter, LI, B, AR THIESND. 0B, EN~DZES

DOMAEELEHHEIZIFRICICRD X9 ICcary ha— L &R TW5. HERE B ITE & &

FETHE S, ENIVIFH SN2 EZK[TOTARETAT T4 D7 vt 2 H &S
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HrEt(VG PRIMA 8B, Thermo Fisher Scientific, Cheshire, UK) CHIE 7.

HEIZ X VG T APRIE % IEIZ, Henning OIS E 7 OFEFBILE & 1k

% HEH & % 515 L (Henning, Lofgren & Sjostrom, 1996), Weir O RUZ TS W THEIT O =3

F[E

X —{HE & (kcal /min) ZHH L7-(Weir, 1949). F72, K A XKV v 7 Fx o _—|3IFE

BB T v = — B BERBR (3 W) 24TV, RIEE PR ERR 99.97%, —M{biRE

100.03%FEECTH D720, BUWKEE CORRKRIZHTZ D =30 —{HE & OEFH E A Al HE

THD.

F. AR v Fx o "—Fnm han

SFRFITRE DT A2 O EEVERFBPEAED T RN X —HBRE~ORELZRET D720

W LWEB) 21T DR WL D ICHERS N, Aa ) —A—Z2NTIIENZFRE L, FREF

MiXaedEs, 7 VEBE, FEWa2 L TEI L. IRFITE S REB L2 MER U, MEIRERERH

PIAMTIE 2V D ICER SN BIE B O FHAT00) 0 HRREIIAZRY v 7 Fx 23—

ICANE LT, 17:40 ISR S E IS HIRICA DY, FH CTH-o T -HHABZER LAY, 18:00

WCBE_KDA L HIC L. 23:00 ICHEE L 6:00 IZEE L. 6:00 IZHEKE L TH 5L BMR &

HETD7-OITMEMIT 6:30 FTHILTH o7z, ZOMICHRENERNL D ITER
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Liz. 201, 6:40 ([ZHIRZ &GO 7:00 TEICHEZ BHE L, £ 0% 3 KRB

b, 1030 1A ZARY v 7 F v =0 biRH L7z, (Table 2)

G. #EtLB

T RCOMAHLE RS~ 77— P(SPSS 18.0 for Windows) & VN CTiT->72. +_ToD

BARIT M £ RHERA TR L. SHEEB O, B, &5 T oilE s

SSHT(ANOVA) ATV EZRN RN D 726 DI, Tukey b iEZHAWT, BREBOZEOKRIE

AT o7, WEFRA BRI 5% A0 & L. {KE L FFM O/ 723 BMR & SMR ~® 5-

2 DA R 212, #0VIRLO® 5 LT (ANCOVA)MEE, FFM A LA & &

L, @, WEH, #EN T BMR £7/21X SMR Z k4 5 -0 I2Thihr-.
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-1 &5 5%

A. B R AR

Table3 T/RT &L 912, KEITEFE B SEHITH T THEIZE D L (-6.0+0.9%), %

DHDOHEINTIIN L7z, L LR 6, HEMOKE @ T OKE E THINL 2o

72. TBW [ZEHF AN OIEIC T TEREIZH D L (5.1 £ 1.8%), £ Ok oOHE &I

L7=. FFDS (3% st LEMICHEEICHED Len (-3.9+1.5%), € O#% O &I

MU7z. FM 3@ #0: HIE NI 0 THEICED L ((15.5 £ 12.1%), HEEW T L2

2, EEHOFMICHANEBEICERME TH - 72(-10.0 + 6.5%). 20 EOKERD ICEE L

72 FM & FFM OFIS & LT, FM 23 33.8 £ 13.6%, FFM 7% 66.2 £ 13.6% Cd > 7=. SUHH &

IZ%5- L CUW=FM & FFM OEIE1XFM 28 9.2 + 32.3%, FFM 28 90.8 + 32.3% C & - 7= (Table3).

B. TX VX —HEE

U H 720 S5 L7 BMR L6 L MR TS B 8181 8 - 72.73(P=0.09),

HEY I EE M EAERBLITR O, £, {KE L FFM THiiFE L7~ BMR |Z

TRTOHAMNCB W THERZLIT A 5 iv7e ) - 7=(Table4).

SMR (i8] & Fhig U7z & SIS A i 2R U722 (R E BN A il &
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FTHIINL7-. KE L FFM THIIE L72 SMR (0@ F W ~NBEM CIIaAE R 2R L

7208, Z Dtk OGN E TR L 72 (Table4).

C. FEFEH L NNV L XNV —EFRE

BEN L& TO= R VX —EEE &K O PAL % Table 5 1278 L7z, = R/LF

—ERETE IR TAERICED L, MEHTAERICEMLE. AEHE,

MRE, HEED 3 RERFRITTNTOEE TEFHITHEY THRICHED L, HEHT

AREICHEM L7z, PAL IZBIL T, @HH LEEM THAEREIZA N2 -T2, EE

KL CHIRHIT140+0.17 EBAEICHA LT-.
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Mn-Iv. &%

ARAFGED T 7250 FATRERERHEI O T AV — F M7 5 BRI e 20k E & Z 0% 1| Hokg

WX D IREOHEIZIZ I TBW & FMAES L TWAHZ L THD. AUFSE TITIRERE

il 7 AU — KT ) 2R & A E O H KO E, $FIZ FM:FFM O/ O b

& TBW OELIZAE B LG 21T-o7-. ZOREE, BER & X TEREEER IZKED 6%

B U, WESOHEE THRED 4.6%HMN Lz, (KERD D 33.8%75 FM T 66.2%7% FFM T

HoTo. KEHEMD 9.2%5 FM T 90.8%7 FFM T - 7=(Table 3). 3 /€7 /L TRT &

B RIS L AREDOZELD 50.6%705 TBW TéH Y, 33.8%7A FM, 15.6%7° FFDS O/ T

Hol-. WEEOMETIIAREEED 67.5%7° TBW TH 1D, 9.2%7° FM, 23.3%75 FFDS @

WEThoT. LAY U ITETFOHEMEKOFAMIZ MRI &2 W 2647028 TiE, 1T

DEEBEIZ LY 5.9%0 KEEE OB AT D L2, FHER, HEZzTVHRE

(ZHR A2 ORE T 1T EBEANSRE LB mMEmaE L FEE TEREL TS

(Kukidome et al., 2008). Z DFEATHIFETIE, Fl&E% LRAEGHTE TOMRE & PKDOEEIMIZ

RIS EM L2 LTWDAN, BEETHLEEZXLHND TBW ORHIEEZIT-> TV

RN FDT, AHFFEORE RITEATHIZR TIXHIE STV AW TBW OfE R 252 T 5 b

DTHDLLEEBEADND.
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AAFZE T OIS B ER O FFDS @ 0.7kg 72358/ L CU /=, FFDS O#kiL 27V

a—Fy, SRTI, BRI THERENS. R LEZL)ICAEBETO IR T LDOE

BT ETH Y, 100g K CHIEEZ HIE L7 BATHFE TIXAE2 B 5 1v7e  (Karila et al.,

2008). ZORKGTH D7) 3= 3ROy E OFVEFENK 1:3 TKFIL, #iE EKkE S

< &Te(King et al., 2008). £7=, 7V a—F I BEHERICEEND Z 13 L<HbN

TEY, KKSOENE T Y a—57 2 OECIZERED & 5098 b A71E 9 5 (Fenn & Haege,

1940; Olsson & Saltin, 1970; Puckett & Wiley, 1932). £H® 7' Y 2 —/4 > &I3/KEN 80kg T

RRENR A 15% CTHIE, 1L (20g), FFE(100g), 5 1 75(400g) D& B IZ 520g FLEIFIET S

(Jeukendrup, 2003). ‘H#&fH 7V 2 —5 3K F K 13 TKRMLTWDH DR 5L, TBW 28

) 1.2kg IF S LTV D Z L1272 % . Tarnopolsky D DHFFETIL L A T — DO Z2UHHE & (/)

7Y a—F U N R LD S4%ABICHED L2y Bh B8, BEiES 17 B o8 & CRE

ATOME & Z %2R 72 W2 # A L CU D (Tarnopolsky et al., 1996) Z L5 DML A BB T 5

& 0.648kg DEMHG TV a—7 BRI L TWDZ LI Fx DIKE 7T44kg TH D

FFDS O/ & 0.7kg LTl 3 5. 46> T, AFZEIZIB VT, TBW 2EEZ IZKIRICHED L,

BEHICHEMLI-Z2 225, TBW OLIZITZZ Y a—F L OBenEELTEHEY,

FFDS OEAZ 7Y 2 =7 DD TIEnh RSN D.
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AAFZEIZFINT, FM 2N EEERIC ) 1.5kg 870 L7=. BMR & IGEEE G2 S50 L 72

PAL CRFffl L 72 HE7E == /L % — e B, (R T2 3490 + 560 keal/day T 0, R3]

BZED O L 7 HEE = kL X — B EEE, BE R TC) 1008 + 354 keal/day Tho72. =

NHOFERNS FM OBV ZHET 5L 1.89kg L7220, BEORDEICEL T 5. +4bb

FM OJF/F= R A X —HI AN T U 22 AIC LT ETH Y, 1 EBTOEMEO A

AR LTWD . SR TR EICH IR OERICL 2BENE X SN L0, AHFTE

TlLm e & ER T PAL ICZLIZ R b oz, ZORERNS, KO EITRS

HIFRIZ L2 FM OB R K&E otz Ez b 5.

AWFZET BMR IZS B CHERE(LZ RS 2o, REIMOBE THIIL, RIHIR

B 729 L FFM O TV BMR 2ME T2 2 & A3 STV 5 (Melby, Schmidt &

Corrigan, 1990). AREPEHEH T 2 U — MTBWTH R LA AR ICHEVVET LT

V% (Forbes, 2000; Kukidome et al., 2007). Z AL 5 OHFZETIX, FFM O 03 Z R O K

TICHHE LTS EHEZE L TV DD, SR ORHE2 kML TH S BIA 2T

D4\, IEHERZILZBZ TWRWATEER LR H 5. A O E ThHE, FE:FFM 28 —7F

OFETHAD L, FFM O 23 BMR (288 % 5.2 T 5 Al HEMEDY & 5 (Forbes, 2000). A

ZEDT AV — MIEHARN T FM:FFM 2349 1:2 & X Y %< @ FFM 234 L T2 23, FFM @
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DD 5 HDORES D TBW ThoTl-Z Lnb, AR TIIETHIZE L B 720, BMR VA

R E(P=0.09) X2 RIC L VB L G X o rREENE X bILD. Fio, AWFRET

X TBWHIED T — TV AN o Z— R THDHLEERNAERIREZ =2y, TBW OB

IZ BMR Ol R 3o 7- 2 &6, TBW OHREIL BMR I8 A2 5 2 20 d L/

V. LALLM S, TBW 28 BMR (25 2 5K BRERICHOWTIHHA LTI <, Fex R

HIRY BT 5720, 511X TBW Z fa N & ARSI 0 T 25 st I ETH 5 .

BMR D5 & 13572 0, SMR (3l #] & bhig UiiE A B LT (-235keal /

day). SMR | 48 FEfH DO#a T SMR 2395 &\ 5 AFFEC(Weyer et al., 2001), £ =il [R

SOP NNV EFHFERBIMEAREEAE (diet-induced thermogenesis; DIT) 23K 3 5 (Platte et al.,

1996) W I AFZEN 5. ARHFFRICEBWT, @il ER & ik L, WEHORFEIUX

¥4 984kcal/day ThHh o722 L HH Y, SMR 3l LB/ & LT, B LWRFHIFROREE

NEZOND. B2, DITIZEZ 6 B b L IZZNLU L EWomfsE b @i S Tun b

Z & B (Westerterp, 2004), 114 5 B D OENT TIERKE < SMR OFERIZEEL TV D

23, Btk 12 K225 O BMR OfFEFTHEFRA~DZBIZ DI WA REERE 2 6D, Zhbd

BRI BMR & SMR % 872 D5 RICE W - —DDHERK Th D a[REMENH H. AKIFFED A X

RNY > 7 Fx o N—THIE Lo 3 KEE O DIT 1L ] & g U CRE TR 49 %8
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LTV, 20 DIT OB @I L O &I OMEIRKEHIZ £ TRAF L TV 2 rTREMED

BETE /N (Table 4). 72, BMR & SMR O = R /LX —{HE EDEWEZMRF LI-FEICE

W, 8 KR SMR & BMR O TITH 1% DREZETH Y, SMR O/ 3 B & Fipg

R A L THRAEIT 6%RETH VTl LR %4~ LTV 5 (Ganpule et al., 2007).

Kumahara & ® H AR A % %512 SMR % fRaf L 72 F 22128V THMETO SMR,/BMR O 31X

93% T - 7-(Kumahara et al., 2004). AWF5EIZI517 5 SMR,/BMR O HLA @ F 1 91.2%

Tho, HMEMIZ93.6%ThHDDIZx LT, JEMTIX 86.0%& B L TIRVMEZ R L TV

52 E0E I EY O DIT K T ORENREIND.

AWFZEDOMRA & LT, WERBROBERE, Vot A2 ) 7ERT LT -

BICHET LML B A DNDA, AWFETIE 1 HOREEE & SR E ToL e &

DIEREICHIES 2720, voA b A7) TEORBELZBR Lol ZOMBEICHE

TiE, MERROBEREE, METEDOT v — N TRFATHILERD DL EBEZHND.

F7o, TUEBEROEEHIFIIBEREH I L > THIRH2 O 1 B ETRARD, XLV EM

R KO XX —HEBEOUEZIT O 72OIZ, 1 RICRELE. IREFEOHE

FERRICBE L T, A & 20 &0 TBW OFENR KXW ERHLNIR -

ey, FEERIFTZ Y 2= BREERRT 2 IR T VB I OERHZTEKT D% v
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DRNEZIT > TRV, 1o T, BEHNSRMELITHT TR L, BE 2 &I

T CHYE L7z FFDS 25 2406 DR O T 5 I 6 02 Tl 7Zewo.
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N-V. &

AW TR R & R RS X D R E OB IR OB RRE EBRLT

WD T ENW BN o7z, FEEEEHNI A T O RuERE L BRIV T, KEl<

5 L 72 W AT REPE AV RIZR STz,
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e

REEREI 7T 2 Y — MIBIT 23O ET LV TRENDIAKBEL TOHD 1 DA

HE R D T2 S KRR B AT IR oy L IRIRI T 5 Z L S B L Te o Tz,

FEREAREHT MM CORUERE & BUEHEICR N T, RESEH LRV ATREMED /RIE S 4L

. Fil, WEBEREOT AU — AT 1 EFEBREOEHHOMBE L 1 A TOH LT

BRARIGE T 53 e L O SIRIEN B2 O T/ OFZ R GIETH L LB A LRI,
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ZAVE TONFZE TIRAE I O Sl E & SOl BT O F IR OB (b Bz LT

D, TERPHBEIZRENTHY, TRHOFRRITVTNS —@BEOREBEICED D

RO D. e, BETICTESEOHMNAEZOND D, EETOT R LF—{HE

BOLERICOLEH 2 L O MV MANUEL 72> TL 5.

N

B OWZETIT, BHBEEDOZRIEZ INT L — il LT WRER A2 HET 5720,

JERIE D >y 772U — M EXRICHEE L TR 2 0ERH L. S BT, REMEEST

2V = MBI Y =A YA 27V T aBET 570, BERMELRMBEREROT

— A ERBNME L 75T B LEEZTND.
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Tablel. Changes in body composition and coefficient of variation

First Second C.V (%)
Body weight (kg) 63.6+4.5 63.4+41 05+0.3
Percent of fat (%) 14.5+ 3.0 14.4+ 3.0 2.2+ 1.7
Fat mass (kg) 9.3+2.5 9.2+2.5 2.2+2.1
Fat free dry solid (kg) 15.5+ 0.8 15.5+ 0.7 1.3+ 0.9
Total body water (kg) 38.7+2.1 38.7+2.0 0.6+0.3

There are no significant between First and Second on all of these.

Table 2 . Timetable for the modeling day in the metabolic chamber (MC)

Time Action

0630 Arrive for body composition measurement
0640 Urine sample collection at baseline
0650 Administer stable isotope
0700 Underwater weighing

0730 Arrive at home

0850 Urine sample (2 hour)

0950 Urine sample (3 hour)

1050 Urine sample (4 hour)

1700 Entry into MC

1740 Dinner (self-selected diet)
1800 Sit quietly

2300 Go to sleep — SMR (2300-0600)
0600 Wake up — BMR (0600-0630)
0630 Get up

0640 Breakfast (prescribed diet)
0700 Sit quietly

1030 Exit from HC
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Table 3. Changes in body composition in the 3-component model

Baseline Weight loss Weight regain
Age (yrs) 200+1.4 — —
Height (cm) 174.6 £ 6.8 - -
Body weight (kg) 744+9.0 70.0 + 8.8% 73.1 £ 8.6%"
(-4.4 +0.6) (-1.3£0.8)
% Fat 17.0+ 7.4 15.8 +7.6* 15.9 £ 8.2%
(-1.2+1.0) (-1.1£1.2)
FM (kg) 13.1+£73 11.7+7.5% 12.1 + 7.3*
(-1.5+0.6) (-1.1£0.8)
FFM (kg) 61.2+4.2 58.3 +3.8* 61.1+3.7"
(-2.9£0.8) (-0.2+0.9)
TBW (kg) 438 +3.1 41.5+2.9* 43.6+2.6"
(-2.3+£0.9) (-0.2+1.0)
FFDS (kg) 17.5+1.2 16.8+1.1% 17.5+1.2"
(-0.7 £0.3) (0.0£0.3)

Values are mean =+ standard deviation (n = 10). The case arc is the amount of change vs.
baseline. *p < 0.05 vs. baseline; ’p < 0.05 vs. weight loss. FM, fat mass; TBW, total body
water; FFDS, fat-free dry solids. FFM shows the sum of TBW and FFDS.
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Table 4. Changes in energy expenditure

Baseline Weight loss Weight regain

BMR (kcal/day) 1998 + 242 1846 + 261 T 1852 +£243
BMR adjusted by weight (kcal/day)* 1969 + 220 1885+ 213 1843 + 190
BMR adjusted by FFM (kcal/day)® 1945 + 132 1943 + 209 1809 + 79
SMR (kcal/day) 1822 + 191 1587 + 150 * 1734 + 222"
SMR adjusted by weight (kcal/day)* 1798 £ 169 1620 + 88 * 1725 £ 179
SMR adjusted by FFM (kcal/day)"” 1786 £ 100 1654 =116 17 1704 + 169

DIT (kcal/h) 23+ 8 11+£7% 19 + 5

Values are mean +standard deviation (n = 10).

*p < 0.05 vs. baseline; Tp = 0.09 vs. baseline; T1p = 0.07 vs. baseline; p < 0.05 vs. weight loss. BMR,
basal metabolic rate; SMR, sleeping metabolic rate; FFM, fat-free mass (including total body water); DIT,
diet- induced thermogenesis.

DIT was obtained from the difference in the postprandial resting metabolic rate and BMR for three hours
at one meal.

* Estimated marginal means presented in this row is calculated by ANCOVA with weight as covariates
set at 60.2 kg.

® Estimated marginal means presented in this row is calculated by ANCOVA with FFM as covariates set

at 72.5 kg.
Table 5. Energy intake and physical activity level (PAL)
Baseline Weight loss Weight regain
Energy intake  (kcal/day) 2458 £ 578 1008 + 354* 3066 + 506*"
Protein (g/day) 86 + 22 31+ 10% 101 + 19
(g/kg/day)  1.17+£033  0.45+0.15% 1.39 + 0.24
(%)* 14+ 1 12+3 1342
Fat (g/day) 79 + 24 28 + 13* 113 & 24%"
(%) 29+5 2349 32 +6"
Carbohydrate  (g/day) 334 + 88 148 + 57* 396 + 81*"
(%)° 5545 58+ 15 53+ 8f
PAL 1.88+0.13 1.93+0.14 1.40 + 0.17*"

Values are mean + standard deviation (n = 10) *p < 0.05 vs. baseline, "p < 0.05 vs.
weight loss, 'p = 0.05 vs. weight loss. PAL, physical activity level.
? Percentage of the total energy intake.
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Figure 1 Change in body weight and composition
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Figure 2 Change in Basal metabolic rate
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Effects of rapid weight loss and regain on body composition
and energy expenditure

Hiroyuki Sagayama, Eiichi Yoshimura, Yosuke Yamada, Mamiko Ichikawa, Naoyuki Ebine,
Yasuki Higaki, Akira Kiyonaga, and Hiroaki Tanaka

Abstract: Weight-classified athletes need an energy intake plan to accomplish target weight reduction. They have to consider
body composition and energy metabolism during rapid weight loss followed by rapid weight regain to achieve their energy
intake plan. We investigated the effects of rapid weight loss, followed by weight regain, on body composition and energy
expenditure. Ten weight-classified athletes were instructed to reduce their body weight by 5% in 7 days. Following the weight
loss, they were asked to try to regain all of their lost weight with an ad libitum diet for 12 h. Food intake was recorded during the
baseline, weight loss, and regain periods. Fat mass, total body water, and fat-free dry solids were estimated by underwater
weighing and stable isotope dilution methods. A three-component model was calculated using Siri's equation. Basal and sleeping
metabolic rates were measured by indirect calorimetry. Body composition and energy expenditure were measured before and
after weight loss and after weight regain. Body weight, total body water, and fat-free dry solids were decreased after the weight
loss period but recovered after weight regain (p < 0.05). Basal metabolic rate did not change throughout the study. Sleeping
metabolic rate decreased significantly during weight loss but recovered after weight regain. Changes in total body water greatly
affect body weight during rapid weight loss and regain. In addition, rapid weight loss and regain did not greatly affect the basal
metabolic rate in weight-classified athletes.

Key words: rapid weight loss, rapid weight regain, energy metabolism, body composition, total body water, three-component
model, metabolic chamber.

Résumé : Les athlétes classés selon le poids corporel ont besoin d'un programme d'apport énergétique pour perdre le poids
voulu. Ce programme doit prendre en compte la composition corporelle et le métabolisme énergétique durant la période de
perte accélérée de poids suivie d'une période de gain accéléré de poids. Dans cette étude, nous examinons les effets de la perte
rapide de poids suivie du gain de poids sur la composition corporelle et la dépense énergétique. On demande a dix athletes
classés selon le poids de diminuer de 5 % leur masse corporelle en 7 jours. Aprées cette période, on leur demande de reprendre tout
le poids perdu en suivant un régime ad libitum durant 12 h. On enregistre 'apport alimentaire durant les périodes de référence,
de perte de poids et de reprise du poids. On évalue la masse adipeuse, la quantité totale d'eau corporelle et les solides secs sans
gras par la méthode de la pesée hydrostatique et la méthode de dilution isotopique avec des isotopes stables. On élabore un
modele a trois compartiments en utilisant I'équation de Siri. On évalue le métabolisme de base et le métabolisme du sommeil par
calorimétrie indirecte. On détermine la composition corporelle et le métabolisme énergétique avant et apres la perte de poids et
apres la reprise du poids. La masse corporelle, 1a quantité totale d'eau corporelle et les solides secs sans gras diminuent durant
la période de perte de poids, mais reviennent a la normale aprés la période de reprise (p < 0,05). Le métabolisme de base ne varie
pas tout au long de 1'étude. Le métabolisme du sommeil diminue significativement durant la perte de poids, mais revient a la
normale apres la reprise de poids. Les variations de la quantité totale d'eau corporelle affectent grandement la masse corporelle
durant la perte et la reprise du poids. De plus, la rapidité de la perte et de la reprise du poids n'affecte pas beaucoup le
métabolisme de base chez les athlétes classés selon le poids. [Traduit par la Rédaction]

Mots-clés : perte rapide de poids, reprise rapide du poids, métabolisme énergétique, composition corporelle, eau corporelle totale,
modele a trois compartiments, enceinte métabolique.

within a period of approximately 1 week, followed by rapid weight
gain to regain the weight within a couple hours to a day (Brito et al.
2012; Choma et al. 1998; Kiningham and Gorenflo 2001; Oppliger
et al. 1998, 2003, 2006; Steen and Brownell 1990).

Introduction

Weight-classified sports such as judo, wrestling, and boxing apply
strict weight limits, forcing athletes to go on stringent weight loss

diets. Many athletes in weight-classified sports enter competitions in
a lower weight class than their normal weight. Thus, athletes tend to
have periods of rapid weight loss to achieve their target weight

This kind of rapid weight loss and regain is likely to cause
changes to the athlete's body composition. Several previous
studies have investigated the changes in body composition during
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rapid weight loss using methods such as skinfold thickness mea-
surements and bioelectrical impedance analysis (BIA), which are
secondary indirect methods (Dixon et al. 2005, 2006; Kordi et al.
2012; Rankin et al. 1996). However, these methods rely on several
assumptions, and it is unknown if changes in body composition
are accurately reflected when there are sudden changes such as
rapid weight loss.

Primary indirect methods of estimating body composition in-
clude underwater weighing (UWW) measurement, stable isotope
dilution methods, dual-energy X-ray energy absorptiometry (DXA),
and magnetic resonance imaging (MRI). However, these methods
still rely on several assumptions, and the percentage of body fat
cannot be accurately measured with a single measurement alone
under conditions in which the percentage of fat-free mass (FFM)
may change such as during rapid weight loss. Accordingly, three-
component models that combine UWW measurement and stable
isotope dilution methods and four-component models that have
the addition of DXA are used as the gold standard for estimating
the percentage of body fat. The variance in bone mineral content
using DXA during rapid weight loss is less than 100 g and does not
have a large effect in estimating fat mass (FM) and FFM (Karila
et al. 2008). Therefore, the three-component model, which con-
sists of FM, total body water (TBW), and fat-free dry solids (FFDS),
also has high validity for clarifying changes in FM and FFM during
rapid weight loss. However, there are no reports evaluating
changes in the three-component model during rapid weight loss
and the subsequent rapid weight regain in weight-classified ath-
letes. There is potential for changes in TBW by rapid weight loss
because of liquid restriction, dehydration, and reduction in glyco-
gen (Tarnopolsky et al. 1996). Therefore, we assumed that rapid
weight loss and regain has a short-term influence on the three-
component model, in particular TBW.

Additionally, there is a high correlation between skeletal mus-
cle mass and energy expenditure (EE) at rest, e.g., the basal and
sleeping metabolic rates (BMR and SMR, respectively) (Ganpule
et al. 2007; Santos et al. 2010). A decrease in FFM may affect these
parameters. A previous study in wrestlers who achieved rapid
weight loss of 2.9 kg in 1 week reported that BMR and SMR per
kilogram of FFM decreased significantly (Kukidome et al. 2007).
However, the TBW and FFM in this study were estimated by BIA,
which has low validity, as mentioned above; thus, it is not known
whether the decrease in FFM is the result of a decrease in TBW or
in FEDS. Therefore, we hypothesize that if the decrease of TBW in
FEM is the main component in the decrease of body weight by
rapid weight loss, then TBW and FFM could recover by weight
regain, and BMR and SMR might not change.

Thus, the primary purpose of the present study was to evaluate
the changes in FM and FFM during rapid weight loss and subse-
quent weight regain using the three-component model of UWW
measurement and stable isotope dilution. The second purpose of
our study was to clarify the effects of short-term rapid weight loss
and rapid weight regain on BMR and SMR. The guidelines of the
American College of Sports Medicine and the National College
Athletic Association require assessment of body composition for
the competitive season (Clark et al. 2007). The results of the pres-
ent study should help reinforce the guidelines.

Materials and methods

Study subjects

Data were obtained from 10 healthy Japanese male weight-
classified athletes (7 boxers and 3 judokas; mean age = 20.0 *
1.4 years). The subjects were invited to attend an information
meeting and those interested in participating provided written
informed consent. The Ethics Committee of Fukuoka University
approved the study protocol.

Appl. Physiol. Nutr. Metab. Vol. 39, 2014

Experimental design

Three time points were evaluated: the day before 1 week of
weight loss (baseline (BL)), the day after 1 week of weight loss
(weight loss (WL)), and the day after the WL measurement, when
body weight had recovered (weight regain (WR)). Subjects were
asked to lose 5% of their BL body weight in 1 week by self-selected
means. The self-selected means were at the discretion of each
individual; however, post hoc investigation revealed energy and
fluid restriction, increasing volume of exercise, and dehydration
methods (i.e., sauna, exercising with heating clothes). However,
the use of laxatives, diuretics, or diet pills was an exclusion crite-
rion for ethical reasons. Subjects re-fed and rehydrated ad libitum
for 12 h after the WL period. Following the WL period, subjects
were asked to try to regain all of their lost weight with an ad
libitum diet for 12 h (Fig. 1).

Body composition measurements

The subjects came to the laboratory early in the morning of the
BL, WL, and WR measurement days after a 12 h fast. They had
refrained from exercise, alcohol, or stimulant beverages for at
least 24 h. All body composition measurements were carried out
at the same time each morning after urination and defecation.
Height was measured to the nearest 0.1 cm with a stadiometer.
Body weight was measured using a calibrated balance beam scale
(Shinko Denshi Vibra Co., Ltd., Tokyo, Japan) to the nearest 0.01kg
with the subjects wearing only light undergarments. Body density
was estimated by UWW with correction for the residual lung vol-
ume measured by simultaneous O, re-breathing.

TBW was measured using the 2H and 130 dilution method. A BL
urine sample was obtained and the participants drank either
~0.12 g of ?H,0 diluted 20-fold (?H,0 99.8 atom%; Taiyo Nippon
Sanso, Tokyo, Japan) or ~2.5 g of H,'#0 diluted 20-fold (H,20 20.0
atom%; Taiyo Nippon Sanso) per kilogram of their predicted TBW.
The body fat percentage (%fat) was assumed to be 15%, and TBW
was predicted as body weight x 0.85 x 0.732. Urine samples were
collected 2, 3, and 4 h after dosing (Yamada et al. 2009a). BL sam-
ples were collected on each study day. The 3 and 4 h urine samples
were averaged for the TBW calculations. TBW was measured on
two consecutive days (the day after WL and the day after the WL
measurement, when body weight had recovered). If the same iso-
tope is used on 2 consecutive days, the concentration of isotope in
the body on the second day can be expected to be very high.
Therefore, we decided to measure TBW using two different stable
isotopes on the 2 days. The subjects drank either 2H,O or H,'#0 at
one time point in the TBW measurements. Subjects were ran-
domly assigned to the following two protocols: 2H,0, H,'#0, and
2H,0 for BL, WL, and WR, respectively, or H,'#0, 2H,0, and H,'0
for BL, WL, and WR, respectively. Before the study, we conducted
a pilot study in which 10 healthy young male adults participated.
Participants drank 2H,O on the first day and H,'#0 on the second
day. The TBWs calculated by 2H,O and H,®0 were compared.
There was no significant difference between the two methods
(38.7 + 2.1 vs. 38.7 + 2.0 kg, p = 0.562), and high correlation was
observed (r = 0.984).

Aliquots of urine were frozen at —-30 °C for later isotope ratio
mass spectrometry analysis (SerCon Isotope Ratio Mass Spectrom-
eters CF 20-20; Sercon Ltd., Crewe, UK). The equilibration gas for
180 was CO, and that for 2H was H,. A Pt catalyst was used to
equilibrate 2H. The enrichment of equilibrated local water stan-
dards was calibrated against the standard mean ocean water stan-
dards. Samples and the corresponding references were analyzed
in triplicate. The 2H and %0 dilution spaces (N4 and N, respec-
tively) were determined by dividing by the dose of administered
tracer (as moles of 2H or 80 water). TBW was calculated as Ng4
divided by 1.041 for the dilution space measured by 2H, and N, was
divided by 1.007 for the dilution space measured by 80 (Racette
et al. 1994).
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Fig. 1. Study protocol for weight loss and regain.
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The %fat was estimated using Siri's three-component model for-
mula (Siri 1993): %fat = (2.118/body density — 0.78 x TBW — 1.354) x
100. FFDS were calculated by subtracting FM and TBW from the
body weight. FFM was the sum of TBW and FFDS.

Physical activity level and energy intake

Daily activity energy expenditure was evaluated using a triaxial
accelerometer (Panasonic Electric Works Co., Ltd., Osaka, Japan)
(Yamada et al. 2009b), which was attached to the participant's
waist for 16 days until the end of the study. Data were averaged for
each period. If the activity time during which the accelerometer
was not worn exceeded 3 h in a day with the exception of practice,
training, taking a bath, and sleeping, that day was excluded from
the analysis. The EE of practice and training was estimated from
the kind of training and a MET values chart (Ainsworth et al.
2011). The physical activity level (PAL) was calculated by adding
daily activity EE and the EE of practice and training. Subjects were
instructed to refrain from any practice and training during the
1-day weight regain period.

A survey of food intake was conducted using both self-reporting
methods and visual records obtained using a digital camera or a
mobile phone with a camera as described previously (Kukidome
etal. 2007). Awell-trained registered dietitian calculated nutrients
from the diet records with photographs. Energy intake was mea-
sured daily from 1 week before the BL measurement until the WR
measurement. Total energy and macronutrient consumption
were determined over a random 3-day period during the BL peri-
ods and from all food records for the WL and WR periods. All diet
records were analyzed using a computerized nutrient analysis
program (Excel Eiyoukun Ver. 4.5; Kenpakusha, Tokyo, Japan).

Metabolic chamber

An open-circuit indirect metabolic chamber (MC) was used to
evaluate the 7 h SMR and 30 min BMR. The respiratory chamber
was an airtight room (19 500 L) equipped with a bed, desk, chair,
TV, telephone, toilet, and sink. The temperature was controlled at
25 °C and the relative humidity was 50%. The room air was suffi-
ciently circulated with fans. The oxygen and carbon dioxide con-
centrations of the air supply and exhaust were measured with
high precision by online process mass spectrometry (VG Prima 8B;
Thermo Fisher Scientific, Cheshire, UK). The gas analyzer was
calibrated for each experiment using four-type gas calibration
bottles.

Oxygen consumption (VO,) and carbon dioxide production
(VCO,) were determined from the rate of exhaust from the cham-
ber and the O, concentration in the inlet air or the CO, concen-
tration in the outlet air of the chamber using Henning's algorithm

Table 1. Timetable for the modeling day in the metabolic
chamber (MC).

Time (hours) Action

0630 Arrive for body composition measurement
0640 Urine sample collection at baseline
0650 Administer stable isotope

0700 Underwater weighing

0850 Urine sample (2 h)

0950 Urine sample (3 h)

1050 Urine sample (4 h)

1700 Entry into MC

1740 Dinner (self-selected diet)

1800 Sit quietly

2300 Go to sleep — SMR (2300-0600)
0600 Wake up — BMR (0600-0630)

0630 Get up

0640 Breakfast (prescribed diet)

0700 Sit quietly

1030 Exit from MC

Note: BMR, basal metabolic rate; SMR, sleeping metabolic rate.

(Henning et al. 1996). EE (kcal-min-') was determined from the
VO, and VCO,, using Weir's equation (Weir 1949).

The accuracy and precision of our MC for measuring VO, and
VCO, as determined by the alcohol combustion test at 3 h were
99.97% and 100.03%, respectively.

Design for timetables in the MC

Table 1shows the timetable for the measurement day in the MC.
All subjects abstained from intense exercise during the 24 h pre-
ceding their assessment day to circumvent the effect of excess
postexercise oxygen consumption. Except for using the toilet, the
subjects were permitted to carry out only light activities such as
reading, writing, and watching TV in a sitting position. Sleeping
was not permitted until going to bed. The same breakfast was
provided during each period.

Statistical analysis

All analyses were performed using PASW Statistics for Win-
dows, Version 18.0 (SPSS Inc., Chicago, Illinois). The results are
presented as means * standard deviations. An alpha of 0.05 was
used to denote statistical significance. Data comparisons were
conducted using a one-way repeated-measures analysis of vari-
ance (ANOVA). To eliminate the effect of decreasing weight and
FFM on BMR or SMR, repeated-measures analysis of covariance
(ANCOVA) was conducted to compare BMR or SMR between BL,
WL, and WR with weight or FFM as a covariate. When a significant
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Table 2. Changes in body composition in the three-component model.

Baseline Weight loss Weight regain

Age (years) 20.0+1.4 — —

Height (cm) 174.616.8 — —

Body weight (kg) 74.4+9.0 70.0+8.8* (—4.4+0.6) 73.1#8.6*# (-1.3+0.8)
% Fat 17.0%7.4 15.8+7.6* (-1.2%1.0) 15.9+8.2* (-1.1+1.2)
FM (kg) 13.147.3 11.747.5* (-1.5+0.6) 12.147.3*# (-1.120.8)
FFM (Kkg) 61.2+4.2 58.3+3.8* (—2.9+0.8) 61.1+3.7% (-0.2+0.9)
TBW (kg) 43.8+3.1 41.5+2.9* (-2.30.9) 43.612.6% (-0.211.0)
FFDS (kg) 17.5+1.2 16.8+1.1* (-0.7+0.3) 17.5+1.2# (0.0£0.3)

Note: Values are means * standard deviations (n = 10). The case arc is the amount of change vs. baseline.
Significance: *, p < 0.05 vs. baseline; #, p < 0.05 vs. weight loss. FM, fat mass; FFM, fat-free mass; TBW, total body
water; FEDS, fat-free dry solids. FFM shows the sum of TBW and FFDS.

difference was detected, a multiple comparison test was performed
using Tukey's post-hoc test for least significant difference.

Results

Body composition

Body weight significantly decreased between BL and WL (-6.0% +
0.9%) (Table 2). Body weight had increased again by WR but re-
mained lower than at BL. TBW significantly decreased between BL
and WL (-5.1% * 1.8%) and was back to BL values at WR. FEDS
significantly decreased between WL and BL (-3.9% + 1.5%) and was
back to BL values at WR. FM significantly decreased between BL
and WL (-15.5% * 12.1%). FM had increased again by WR but re-
mained lower than at BL (-10.0% * 6.5%). The percentage of FFM
contributing to rapid weight loss was 66.2%. The percentage of
FFM contributing to rapid weight regain was 90.8%.

Energy expenditure

The BMR tended to decrease between BL and WL, but this was
not significant (p = 0.09). No significant changes were observed in
BMR adjusted by weight or FFM throughout the study (Table 3).
The SMR significantly decreased between BL and WL but returned
to BL values at WR. The SMR adjusted by body weight decreased
between BL and WL but returned to BL values at WR because of the
subsequent rapid weight regain (Table 3). The SMR adjusted by
FFM tended to decrease between BL and WL, but this was not
significant (p = 0.07).

Physical activity level and energy intake

Energy intakes significantly decreased between BL and WL and
were significantly increased at WR (Table 4). Protein, fat, and car-
bohydrate intakes significantly decreased between BL and WL and
were significantly increased at WR. The percentages of the total
energy intake made up by the different macronutrients are shown
in Table 4. The percentage of energy intake made up by fat was
significantly higher in the WR period than in the WL period, but
there were no significant differences in the energy percentage of
protein and carbohydrate intake. No significant difference in PAL
was observed between BL and WL. However, PAL decreased signif-
icantly from BL and WL values during the WR stage.

Discussion

The major finding of this study is that TBW and FM are the
main components of typical rapid weight loss and subsequent
1-day rapid weight regain in weight-classified athletes. This
study focused on changes in body composition during rapid
weight loss and rapid weight regain in weight-classified ath-
letes, particularly the declining ratio of FM to FFM and changes
in TBW. Body weight decreased by 6.0% after rapid weight loss
and increased by 4.6% in the weight-regaining period. FM re-
mained lower after weight regain compared with before weight
loss, probably because the athletes did not regain all of the lost
weight. The percentage of FFM contributing to rapid weight

loss was 66.2%. The percentage of FFM contributing to rapid
weight regain was 90.8%. The three-component model showed
that 50.6% of the body weight change during weight loss was
from the decline in TBW, 33.8% was from the decline in FM,
and 15.6% was from the decline in FEDS. Of the weight regained
following weight loss, 67.5% was from the increase in TBW,
9.2% was from the increase in FM, and 23.3% was from the
increase in FFDS. In a previous study using MRI to evaluate the
body composition of wrestlers, the cross-sectional area of fem-
oral skeletal muscle decreased by 5.9% after rapid weight loss
over a week. However, it had recovered to BL values in the
measurement taken immediately after the competition (Kukidome
et al. 2008). It was determined that the cross-sectional area of
the skeletal muscle increased because of the increased food and
water intakes between the weigh-in and the competition. The
results of our study may update the TBW data of the previous
study.

The FFDS decreased by 0.7 kg during the weight loss period in
this study. FFDS is composed of glycogen, minerals, and protein.
As mentioned above, bone mineral content decreases by less than
100 g during rapid weight loss (Karila et al. 2008). The molecular
fraction of glycogen is hydrated with water molecules by approx-
imately 1:3 and structurally contains abundant water (King et al.
2008). Moreover, glycogen is known to be present in skeletal mus-
cle and the liver, and there are reports on changes in body water
when glycogen fluctuates (Fenn and Haege 1940; Olsson and Saltin
1970; Puckett and Wiley 1932). The estimated glycogen content of
a body weighing 80 kg with 15% body fat is 520 g, 20 g of which are
in the blood cells, 100 g in the liver, and 400 g in skeletal muscle
(Jeukendrup 2003). If skeletal muscle glycogen is hydrated with
water molecules by approximately 1:3, approximately 1.2 kg of
TBW is stored. A study of a group of wrestlers reported that al-
though muscle glycogen decreased by 54% after rapid weight loss,
no changes in muscle glycogen were observed during weight re-
gain in the 17 h following weight loss (Tarnopolsky et al. 1996).
This suggests that there is a 0.648 kg decrease in glycogen in
skeletal muscle, which is similar to the 0.7 kg decline in FFDS at a
body weight of 74.4 kg in our study. Considering that TBW largely
contributed to the weight loss and regain in our study, it may be
surmised that the change in glycogen is involved in the change in
TBW, whereas the decline in FFDS is related to the decline in
glycogen.

FM decreased by an average of 1.5 kg during the WL. The mean
total energy expenditure during the WL evaluated from the PAL
and BMR was 3490 * 560 kcal-day—?, whereas the mean total en-
ergy intake evaluated from the dietary record was 1008 +
354 kcal-day . The calculated decrease in FM from these data is
1.89 kg, which is close to the true decrease found. Thus, the de-
crease in FM is the result of a negative energy balance, which
illustrates the effectiveness of 1 week of rapid weight loss. Weight
loss during the WL may also be caused by increased physical ac-
tivity. However, we found no difference in PAL between the BL and
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Table 3. Changes in energy expenditure.

25

Baseline Weight loss Weight regain

BMR (kcal-day™?) 19981242 18462611 1852+243
BMR adjusted by weight (kcal-day-1) 1969220 18854213 18432190

BMR adjusted by FFM (kcal-day—')® 1945+132 1943+209 180979

SMR (kcal-day™) 1822+191 1587+150* 1734+222#
SMR adjusted by weight (kcal-day-1) 1798+169 1620%88* 1725+179

SMR adjusted by FFM (kcal-day—') 1786+100 1654+116+ 1704+169

DIT (kcal-h-) 2348 11£7* 1915#

Note: Values are means + standard deviations (n = 10). Significance: *, p < 0.05 vs. baseline; T, p = 0.09 vs. baseline;
¥, p = 0.07 vs. baseline; #, p < 0.05 vs. weight loss. BMR, basal metabolic rate; SMR, sleeping metabolic rate; FFM,
fat-free mass (including total body water); DIT, diet-induced thermogenesis. DIT was obtained from the difference
in the postprandial resting metabolic rate and BMR for 3 h at one meal.

2Estimated marginal means presented in this row are calculated by ANCOVA, with weight as covariate set at

72.5 kg.

bEstimated marginal means presented in this row are calculated by ANCOVA, with FFM as covariate set at 60.2 kg.

Table 4. Energy intake and physical activity level (PAL).

Weight Weight
Baseline loss regain

Energy intake (kcal-day~')  2458+578 1008+354* 3066+506**
Protein

g-day™! 86122 31+10* 101+19#

g-kg'-day! 1.17+0.33 0.45+0.15* 1.39+0.24#

%4 14+1 1213 13%2
Fat

g-day™! 79124 28+13* 113+24*#

%4 2915 2319 32167
Carbohydrate

g-day—! 334188 148+57* 396+81*#

%4 5515 58115 53+8f
PAL 1.88+0.13 1.93+0.14 1.40%0.17*#

Note: Values are means * standard deviations (n = 10). Significance: *, p < 0.05
vs. baseline; #, p < 0.05 vs. weight loss; T, p = 0.05 vs. weight loss. PAL, physical
activity level.

aPercentage of the total energy intake.

the WL. This suggests that the weight loss in this study was
mainly the result of a decrease in FM due to dietary restrictions.

The emptying time of a solid meal from the normal stomach
may be as little as 3 h and should never exceed 6 h (Rose 1979).
Because the UWW measurements were conducted after 12 h of
fasting at each point, one can assume that the gastric content was
negligible at all three measurement points. However, total transit
time, from eating to elimination in stool, averaged 53 h (24 to 72 h)
(Metcalf et al. 1987). Thus, the bowel content should be different
between conditions: the amount of bowel content is as usual at
BL, remarkably smaller after rapid weight loss, and larger after
rapid weight regain (Tai et al. 2010). Stool normally contains 75%
water. When measured directly, water content is 82%-83% in the
transverse colon, 84%-85% in the right colon, and 90%-95% in the
ileocecum (Jensen et al. 1976; Goiffon et al. 1961). Thus, most of
the bowel content is water and the hydration factor is greater
than 0.732. The larger amount of bowel contents will slightly
overestimate the %fat measure from UWW. The error is in the
order of 0.2% to 0.4% fat on a whole-body basis. The true %fat may
be slightly lower after rapid weight loss and slightly higher after
12 h of rapid weight regain than the measured values. However,
these effects are relatively small when the three-conponent model
is applied to obtain %fat. It is also hypothesized that the volume of
air trapped in the gastrointestinal tract is 100 mL to calculate body
density from UWW. This may be affected by the condition of the
bowel content, but the effect is negligible.

We found no significant changes in BMR among the study peri-
ods. It is reported that the BMR decreases with the FFM during
long-term weight loss caused by dietary restrictions (Blackburn
et al. 1989). In weight-classified athletes, the resting metabolic
rate decreases with weight loss in the same manner (Kukidome

et al. 2007; Melby et al. 1990). This suggests that the decrease in
FFM contributes to the decrease in the resting metabolic rate in
these studies. However, because BIA was used for the evaluation
of body composition in these studies, it is possible that the
changes were not accurately measured. During weight loss in
obese patients, the ratio of FM to FFM decreases at a constant
ratio, with the decrease in FFM possibly affecting the BMR (Forbes
2000). The decrease in FEM over a short period of time was greater
in the athletes in this study, with the ratio of FM to FFM being
approximately 1:2. However, this study is different from prior
studies because most of the decrease in FFM was caused by
changes in TBW, suggesting that the BMR was not affected by
rapid weight loss and (or) rapid weight regain.

Unlike the BMR, the SMR significantly decreased during WL
(=235 kcal-day™). It has been reported that the SMR decreases after
fasting for 48 h (Weyer et al. 2001) and that diet-induced thermo-
genesis (DIT) decreases with dietary restrictions and (or) weight
loss (Platte et al. 1996). In the present study, food intake during the
weight loss period averaged 1008 * 354 kcal-day—'. Thus the de-
crease in SMR may have been caused by the strict dietary restric-
tions during the WL period. It has been reported that DIT
continues for 6 h or more after meals (Westerterp 2004), and there
may be little effect on the BMR within 12 h after a meal, although
the SMR is heavily affected 5 h after a meal. These may be contrib-
uting factors in the difference between the BMR and SMR results.
In this study, DIT was measured 3 h after a meal in a MC. DIT
decreased by approximately 49% in the WL compared with BL, and
the possibility that the effect of DIT remained in the BL and the
sleeping hours during the WR cannot be ruled out. Moreover, a
study that investigated the difference in energy expenditure of
the BMR and SMR shows that the comparison of the SMR and the
BMR has a margin of error of approximately 1% at 8 h (Ganpule
et al. 2007). The SMR only approximates the BMR. In a study in
Japanese people by Kumahara et al. (2004), the SMR-BMR ratio in
men was 93%. The SMR-BMR ratio in the present study was 91.2%
at BL and 93.6% during the WR, while a much lower value (86.0%)
was found during the WL. This also suggests an effect of a decrease
in DIT during the WL.

It is believed that the weight loss experience, the number of
times of weight loss, and weight cycling may affect EE (Horswill
1993). In this study, the effects of weight cycling were not taken
into consideration. The weight loss experience, the number of
times of weight loss, and the method of weight loss should be
investigated via questionnaires in future studies. Moreover, the
recovery period following rapid weight loss varies from several
hours to a day depending on the type of sport. In this study, this
was set to 1 day for a more accurate measurement of body com-
position and EE. In the current study, TBW had a large impact on
the weight fluctuations observed during rapid weight loss and
regain. However, water consumption, whole-body glycogen con-
tent, bone mineral content, and skeletal muscle protein were not
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measured. Future studies need to address which components of
the FFDS affect the weight fluctuations during rapid weight loss
and regain in athletes. Also, these studies need to collect data
related to water consumption.

In conclusion, TBW and FM are the main components of rapid
weight loss and subsequent 1-day rapid weight regain in weight-
classified athletes. It suggests the possibility that BMR does not
significantly change in short-term rapid weight loss and regain.
Moreover, it may be an effective way for weight-classified athletes
to reduce and regain weight in a short time, allowing them to
maintain fat-free dry solids and reduce fat mass.
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Abstract

Background: Obesity and overweight are increasing in prevalence in developed countries as a result of changing
dietary habits and a lack of physical activity. The purpose of the present study was to evaluate the changes in body
composition during short-term overfeeding using the three-component model, which is composed of fat mass
(FM), total body water (TBW), and fat-free dry solids (FFDS).

Methods: Ten healthy men completed 3 days of overfeeding during which they consumed 1,500 kcal/day more
energy than consumed in their normal diets. Body composition was evaluated at three time points: the day before
and after their normal diets and the day after the 3-day overfeeding diet.

Results: Before and after their normal diets, there were no significant differences in body weight and composition,
but after 3 days of overfeeding, body weight, TBW, and FFDS increased 0.7, 0.7, and 0.2 kg, respectively (P <0.0001).

There was no significant difference in FM between the normal and overfeeding diets.
Conclusion: This study suggests that TBW gain contributes to weight gain following a short-term overfeeding.

Keywords: overfeeding, body composition, total body water

Background
Obesity and overweight are increasing in prevalence in
developed countries as a result of changing dietary
habits and a lack of physical activity (PA) [1-4]. Both
conditions are caused by a chronic imbalance between
energy intake (EI) and expenditure (EE). A positive balance
between EI and EE is a key factor in weight gain caused
by overfeeding or decreasing activity energy expenditure
(AEE). Most of the accumulation of excess energy is
stored as lipid, mainly triglycerides, with overfeeding
[5]. Lipid is ideal for long-term energy store, with little
water accumulation in humans. Therefore, huge quantities
of triglycerides can be stored with increasing adipocyte
size and number during positive energy balance [6,7].
Several previous studies have suggested that EI exceeding
EE for 2 to 8 weeks led to increased fat mass (FM)
[8-10]. Moreover, the concept of non-exercise activity
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thermogenesis (NEAT) seems important in energy balance
regulation as in the study, which overfed 16 non-obese sub-
jects with 4.2 MJ/day for 56 days; changes in NEAT directly
predicted resistance to FM gain from overfeeding [8]. Add-
itionally, there is an association between weight gain and
sedentary time during 3 days of overfeeding [11]. Thus,
AEE is the most important component of energy ex-
penditure to maintain body weight and composition
during overfeeding. However, there is little detailed evi-
dence of changes in body composition when AEE is
maintained during overfeeding. Additionally, there is
poor information regarding body composition during
short-term overfeeding. Therefore, we hypothesized that
fat mass would not be gained during overfeeding if AEE
could be maintained. Thus, the purpose of the present
study was to evaluate changes in body composition dur-
ing short-term overfeeding using the three-component
model, which includes FM, total body water (TBW), and
fat-free dry solids (FFDS).

© 2014 Sagayama et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public

Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated.


mailto:higaki@fukuoka-u.ac.jp
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/

Sagayama et al. Journal of Physiological Anthropology 2014, 33:29
http://www.jphysiolanthropol.com/content/33/1/29

Methods

Ten healthy, non-obese Japanese men participated in this
study (mean + standard deviations; age = 23.1 + 1.6 years;
height =171.7 + 3.6 c¢m; body weight = 63.6 £ 4.5 kg; and
body mass index = 21.6 + 1.3 kg/m?). All subjects lacked
chronic diseases that could affect body composition, me-
tabolism, or daily PA. The subjects were invited to attend
an informational meeting and those interested in partici-
pating in the study provided written informed consent.
The study protocol was approved by the Ethics Commit-
tee of Fukuoka University (10-12-02).

The experimental design of the study is shown in Figure 1.
Body composition was evaluated at three time points: the
day before the 3-day normal diet of the survey period
(Baseline’** [BL'*"]); the day after the 3-day normal diet of
the survey period (this day is the same measurement before
overfeeding) (Baseline®™® (BL?™)); and the day after the
overfeeding diet period (Overfeeding (OF)). Subjects mea-
sured their own body weights twice daily for the 6 days (in
the morning fasting and again before going to bed) from
BL™' to OF. Additionally, subjects measured their own
body weights (in the morning fasting) for 2 days during the
postintervention observation period and for 2 weeks follow-
ing completion of OF.

The normal EI survey was defined over a 3-day period
(between BL'" and BL*! measurement). The overfeeding
EI survey defined a 3-day period following a normal diet
(between BL*™ and OF measurement). We informed all
subjects about their normal EI to maintain that level of EL
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During the 3-day overfeeding period, subjects were over-
fed with a diet supplying 1500 kcal per day more energy
than the 3-day normal EI Diets were self-selected during
normal and overfeeding periods. Excess EI during the
overfeeding period was selected based on the energy infor-
mation shown on food packages.

Body composition measurement

Subjects came to the laboratory early in the morning on
the 3 measurement days after a 12-h fast. All body com-
position measurements were carried out at the same
time each morning after urination and defecation.
Height was measured to the nearest 0.1 cm with a stadi-
ometer. Body weight was measured using a calibrated
balance beam scale (Shinko Denshi Vibra Co., Ltd.,
Tokyo, Japan) to the nearest 0.01 kg, with the subjects
wearing only light undergarments. Hydrostatic weighing
and stable isotope dilution method estimated body dens-
ity and total body water. Subjects were administered
these stable isotopes using the following protocol: *H,O,
Hi%0, and 2H,O for BL'™!, BL?"Y, and OF measure-
ments, respectively. Our previous study provides details
regarding the evaluation of body composition using the
three-component model [12].

Physical activity and energy intake

Daily AEE was evaluated using a triaxial accelerometer
(Panasonic Electric Works Co., Ltd., Osaka, Japan) [13],
which was attached to the waist for about 1 month until
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the end of the study (from 1 week before BL'*" until the
postintervention observation period finished). Subjects
were instructed to refrain from vigorous exercise and to
maintain their lifestyle for about 1 month. The data of
baseline PA were obtained for 7 days with the exception
of the first 3 days since attaching the triaxial accelero-
meter. Subjects strictly maintained baseline PA by
checking levels of PA using the triaxial accelerometer
during the overfeeding period (between BL*™* and OF
measurement). If the non-wear activity time of the acce-
lerometer exceeded 3 h in a day, with the exception of
the time for taking a bath and sleeping, that day was ex-
cluded from the analysis.

All foods and beverages were weighed using a portable
digital scale (KS-232; Dretec Co. Ltd., Saitama, Japan)
during the BL?"! and OF measurement periods (3 days).
Furthermore, a survey of food intake was conducted
using both self-reporting methods and visual records ob-
tained using a digital camera or a mobile phone with a
camera. A well-trained registered dietitian checked cal-
culated nutrients from the diet records with the photo-
graphs. EI was measured daily from a week before the
BL'" until the OF measurement. All diet records were
analyzed using a computerized nutrient analysis program
(Excel Eiyoukun Ver. 4.5; Kenpakusha, Tokyo, Japan).

Statistical analysis

The results are presented as means + standard devia-
tions. Comparisons between two groups (BL™" versus
BL*™ and BL>™ versus OF) were made with the paired
t-test using Microsoft Excel 2010 from Microsoft Office
2010 (Microsoft Corp., Redmond, WA, USA). The intra-
class correlation coefficient (ICC) and the coefficient of
variation (CV) were used to test the reproducibility of
body weight, % fat, FM, FEDS and TBW measured by
the three-component models. Values of ICC above 0.7
were considered as having excellent reproducibility. An
alpha of 0.05 was used to denote statistical significance.

Results

Body compositions

We first evaluated body composition and measurement
reproducibility. All components of body composition did
not change between BL'" and BL* (Table 1; body
weight = -0.2 + 0.5 kg, P =0.17;% fat = -0.1 + 0.5%, P = 0.49;
FM=-0.1+04 kg, P=0.36; TBW =-0.1 + 0.4 kg, P = 0.56;
FEDS =0.0 £ 04 kg, P=0.71). The ICC for all body com-
position values was above 0.9. The CV for all body com-
position values was less than 3%.

Body weight, TBW, and FFDS increased during OF com-
pared with BL?™! measurements (Table 2 and Figures 2, 3,
and 4; body weight=0.7 £ 0.5 kg; TBW =0.7 £ 0.4 kg;
FEDS = 0.0 £ 0.4 kg, P <0.0001). There were no significant
differences in FM and % fat between the BL*™ and OF
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Table 1 Change in body composition, coefficient of
variation and intraclass correlation coefficient during
normal diet

Baseline’*  Baseline®™ CV (%) ICC
Body weight (kg) 63.6+45 634 +4.1 0.5 0.996
Percent of fat (%) 145+30 144+30 22 0.991
Fat mass (kg) 93+25 92+25 22 0.994
Fat-free dry solid (kg) 155+08 155+0.7 13 0.946
Total body water (kg) 387+2.1 387+20 06 0.992

There were no significant differences between BL'*" and BL*>" for each of
these.CV, coefficient of variation; ICC, intraclass correlation coefficient.

measurements (Table 2). Subjects measured their body
weights during the postintervention period. All sub-
jects returned to BL*"® body weights within 2 weeks
(5.0 £ 4.9 days).

Physical activity and energy intake

During the normal and overfeeding periods, there were
no significant differences in levels of PA (1.6 + 0.2 and
1.6+ 0.1, respectively) and AEE (835+261 and 875+
240 kcal/day, respectively) (Table 3). Energy, weights of
diets, and sodium intakes increased during the overfeeding
period (P <0.05). Fat intake significantly increased and
carbohydrate intake decreased during overfeeding, affecting
the protein, fat, and carbohydrate rate (PFC rate). There
was no significant increase in the protein rate.

Discussion
The major finding of this study is that TBW is the main
component of body composition affected during over-
feeding when AEE is maintained at the level during nor-
mal diets. Our results suggested that the increased body
weight for 3 days of overfeeding was mostly TBW. There
were no significant differences in body weight or com-
position at BL'" and BL>™. The ICC values ranged from
0.946 to 0.996 in the body composition measurements
in the current study, which is in agreement with previ-
ous studies [14]. Thus, the results and methods are
thought to be of excellent reproducibility.

The overfeeding of 1,500 kcal per day over 3 consecu-
tive days led to increased body weight, TBW, and FFDS,
though there were no significant increases in FM and %

Table 2 Changes in body composition during overfeeding

Baseline?"? Overfeeding
Body weight (kg) 634+4.1 64.1+43"
Percent of fat (%) 144+30 139+33
Fat mass (kg) 92+25 9.0+27
Fat-free dry solid (kg) 155+07 157+07"
Total body water (kg) 387+20 304+19"

*p <0.01, *P <0.05 versus Baseline?™ measurement.
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fat. Participants were asked to overeat an average of
4,500 kcal for 3 days, and were able to do so success-
fully. Assuming that an FM of 1 kg is equivalent to
7,000 kcal and that 85% of the EI would be accumulated
as fat in this case, FM was expected to increase by
0.5 kg. However, FM did not increase. In a previous
study of overfeeding an excess of 1,000 kcal per day for
8 weeks, increases in body weight, and FM were re-
ported (weight, 1.4 to 7.2 kg; FM, 0.36 to 4.23 kg) [8].
Assuming that an FM of 1 kg is equivalent to 7,000 kcal
and that 85% of the EI would be accumulated as fat in
this case, the FM was expected to increase by 6.8 kg.
Unexpectedly, body weight and FM in the previous
study were not increased as much as expected. More-
over, there were large individual differences in the
increases in FM and body weights, as pointed out by
some researchers. In particular, the study suggested indi-
vidual NEAT and sedentary time were different during
overfeeding [8,11]. We, therefore, instructed subjects in
the present study to maintain PA during overfeeding. As
a result, the AEE during the 3-day overfeeding period is
similar to the AEE during the normal diet period. Thus,
PA is not the only factor involved in the lower-than-
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expected increase in FM during overfeeding. Other fac-
tors could include an increase in diet-induced thermo-
genesis [15] and increased lipid catabolism [16]. The
unexpected large interindividual variation in the effi-
ciency of weight gain with overfeeding shows that adap-
tive thermogenesis and other factors are still an issue.
Further, the accelerometers worn at the waist may not
be able to evaluate arm and leg movement as a compo-
nent of activity.

Body weight (on average 0.7 kg) increased as well as
TBW (on average 0.7 kg) during the 3 days of overfeeding.
Increased TBW could be the result of ingestion of an
excess amount of sodium during overfeeding. After the
ingestion of dietary sodium, there is a subsequent rise in
plasma sodium, and to maintain fluid homeostasis thirst
is stimulated, which promotes fluid consumption [17].
In a previous study that compared a high and low salt
diet over 50 days, the high-salt diet group had a greater
increase in weight compared with the low-salt group
[18]. Moreover, dietary sodium is positively associated

Table 3 Changes in physical activity and energy intake
before and after overfeeding

Baseline®"? Overfeeding
Energy intake (kcal/day) 2452 + 297 3906 + 427"
Protein intake (kcal/day) 296 + 44 450+ 73"
Fat intake (kcal/day) 695 + 96 1379+ 258"
Carbohydrate intake (kcal/day) 1421 + 262 2004 + 288"
Protein rate (%) 122+1.7 1M5+£1.1
Fat rate (%) 281+44 3534517
Carbohydrate rate (%) 580+4.9 514+52"
Weight of diet (g/day) 2557 +615 3353+724"
Sodium intake (mg/day) 413141013 6079+ 1856
Physical activity level 16+02 16+0.1
Active energy expenditure (kcal/day) 835+ 261 875+ 240

*p <0.01 versus Baseline?® measurement.



Sagayama et al. Journal of Physiological Anthropology 2014, 33:29
http://www.jphysiolanthropol.com/content/33/1/29

with fluid consumption and predicted sugar-sweetened
beverage consumption [19]. Following the increase in
EL, sodium intake and TBW increased in our study.
Thus, water and sugar-sweetened beverage intake could
be associated with these increases. The temporary accu-
mulation of sodium may result in increased body weight
as a result of transient overfeeding. Glycogen storage,
which is known to increase body weight during carbo-
hydrate overfeeding [20], may be another factor to con-
sider. The molecular fraction of glycogen is hydrated by
water molecules in a ratio of approximately 1:3, and
structurally contains an abundant amount of water
[21-24]. Therefore, it has the possibility to contribute to
the increase seen in TBW.

The content of the diet was self-selected during the nor-
mal and overfeeding periods of our study. The EI of mac-
ronutrients during that period significantly increased in
terms of PFC. However, the PFC rate was only signifi-
cantly increased in terms of fat intake. These results sug-
gested that it is possible to consume more energy from fat
during self-selected overfeeding. In a previous study com-
paring overfeeding of high carbohydrate and high fat diets
of equal energy, body weight and FM significantly in-
creased in both diet groups. However, that study did not
detect a between-group difference [9]. If self-selected
overfeeding for 3 days involves a high carbohydrate diet,
this may result in the promotion of more weight gain be-
cause of increased storage of glycogen and water.

The increased body weight returned to the baseline
body weight over an average of 5 days, though there
were individual differences (0 to 14 days). When subjects
were free to follow their regular lifestyles during the
postintervention period, their body weights reduced rela-
tively early. These results support the hypothesis that
the component of increased body weight in our study
was a result of increased TBW.

A limitation of our study is that a diet survey and in-
formation regarding bowel movements were not mea-
sured during the postintervention period. The EI during
the postintervention observation period is a matter of
speculation; differences in each subjects’ EIs were con-
sidered a possible effect of the rapid weight loss. Add-
itionally, the presence, absence, and amount of bowel
movements are a reflection of weight cycling during a
short period of overfeeding. Additionally, when the fat
mass increase started is unknown; thus, further studies
are needed to clarify these factors.

Conclusions
TBW is the main component in overfeeding when AEE
is maintained at levels seen during normal feeding.

Abbreviations
AEE: activity energy expenditure; BL: baseline; CV: coefficient of variation;
EE: energy expenditure; El: energy intake; FFDS: fat-free dry solid; FM: fat
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thermogenesis; OF: overfeeding; PA: physical activity; PFC rate: protein, fat
and carbohydrate rate; TBW: total body water; % fat: percent of fat.
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