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Abstmct

　　　　　　　It　is　uh㎞own　whether　increased　resting　energy　expenditure（REE）in

athletes　is　due　to　changes　in　organ－tissue　mass　and／or　metabolic　rate．　The

purpose　of　this　study　was　to　investigate　the　ef民ct　of　the　organ－tissue　component

of　fat－f｝ee　mass（FFM）on　absolute　and　relative　REE（the　REE／FFM　ratio）fbr

heavy－weight　athletes．　We　examined　the　relationship　betweell　the　REE

measured　by　illdirect　calorimetry　and　the　REE　calculated　ftom　organ－ti　ssue　mass．

Ten　heavy－weight　athletes（Sumo　wrestlers）and　l　l　moderately　active　male

students（controls）were　recruited　to　participate　in　this　study．　FFM　was

measured　by　two－component　densitoエnetry。　Contiguous　magnetic　resonance

imaging（MRI）images　with　a　l　cm　slice　thic㎞ess　were　obtained丘om　the　parietal

to　the　anlde　j　oints，　and　the　cross－secti皿al　area　and　volulne　were　determined　fbr

each呼pe　of　org㎝一tissue．　The　vol㎜e皿its　were　conve並ed　into　mass　by孤

ass㎜ed　constant　density．　The　me卵皿ed・REE　was　dete面ned　by　ind血ect

calorime仕y．　The　calculated－REE　was　estimated　as　the　s㎜of　individual

organ－tissue　masses　multiplied　by　their　metabolic　rate　constants．　The

measmed－REE品r　S㎜o耽estlers（2286kc創／day）was　higher（P＜0．01）than飴r

controls（1550kcal／day），　but　the　measured－REE／FFM　ratio　was　similar　between

the伽o　goups（S㎜o　westlers　29．1kcal／kg／day　vs．　con仕ols　29．3kca晦／day）．

S㎜o冊estlers　had　a　greater　amo皿t　of　FFM　and　FFM　components（e．g．，　skel鋤l

muscle（SM），　liver　and　kidney）except　fbr　brain，　while　the　proportion　of

organ－tissue　mass　to　FFM　was　not　dif丘rent　between　the　two　groups　except　fbr
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1iver．　The　absolute　and　re1就ive　me怒ured－REE　values鉤r　S㎜o班estlers　were

not　significantly　dif民rent　ftom　the　respective　calculated・REE　values．　The　REE

fbr　heavy－weight　athletes　can　be　attributed　not　to　an　elevation　of　the　organ－tissue

metabolic　rate，　but　to　a　larger　absolute㎜ount　of　low　and　high　metabolically

active　tissue　including　S　M，1iver　and　kidney．

Introduction

　　　　　　Since　whole　body　resting　energy　expenditure（REE）comprises　about

60－75％of　total　daily　energy　expenditure　in　modem　lifb，　REE　is　an　important

component　of　the　energy　balance　equilibrium　（Poehlman，1989a）．　The

variability　of　REE　is　closely　associated　with　that　of　fat－f士ee　mass（FFM）in

healthy，　no㎝al　weight　men　and　women（Wang　et　al．，2000；Muller　et　al．，2002）．

Currently，　it　is　suggested　that　exercise　training　to　increase　FFM　may　be　an

effective　method　of　increasing　REE．　For　instance，　Doleza1＆Potteiger　reported

again　of　2．3kg　FFM　and　a　gain　of　114kca1／day　REE　fb皿owing　10　weeks　of

resistance　trai㎡ng　in　healthy　men（Dolezal＆Potteiger，1998），　and　other　studies

have飴皿d　simi1訂results（Byme＆Wilmore，2001；Le㎜er　et　al．，2001）．

Therefbre，　it　is　likely　that　the　increase　in　FFM　fbllowing　exercise　training　is　a　key

factor　in　increasing　REE．

　　　　　　肥Eis　co㎜only　a嘩usted　per迦t　FFM　in　order　to　comp田e　individ皿ls

of　diffbre血t　body　size．　According　to　the　regression　line　between　FFM　and　the

ratio　of　REE　to　FFM（REE／FFM）fbr　non－athletes　reported　by　Heyms五eld　and
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colleagues，　the　REE／FFM　ratio　fbr　s吻ects　with　a　70kg　FFM　was司）proximately

26kcaUkg／day，　which　was　lower　than　fbr　s吻ects　with　a　50kg　FFM（about

29kcal1脹g／day）（Heymsfield　et　al．，2002）．　In　other　words，　the　REE／FFM　ratio　in

normal　untrained　populations　i　s　apparently　smaller　fbr　individuals　with　a　greater

FFM．　In　con仕ast，　it　has　also　be斑reported　that　the　ratio　of　sleepi血g　metabolic

rate　to　FFM　fbr　body　builders　with　about　70kg　FFM　was　29kcall僅g／kcal，　a血d　no

differences　in　the　REE／FFM　ratio　were　fbund　between　body　builders　and

non－athletes（60kg　FFM）（Bosselaers　et　a1．，1994）．　Moreover，　the　REEIFFM

ratio　measured　fbr　various　kinds　of　athletes（e．g．，　water　polo，　j　udo　and　karate）also

averaged　28－29kcal／kg／day　fbr　approximately　70kg　FFM（De　Lorenzo　et　a1．，

1999），which　was　higher　compared　to　non－athletes　with　the　same㎜o皿t　of　FFM

（i．e．　about　26kcal皮g／day）．　In　s－y，　the醐FM　ratio　appears　to　decrease

with　increasing　FFM　in皿trained　controls．　In　contrast，　trained　athletes　with　a

larger　FFM　have　a　higher　REE／FFM　ratio　compared　to　untrained　controls　with　a

similar　FFM．

　　　　　　To　explain　why　the　REE／FFM　ra　io　fbr㎜trained　populations　is　smaller

fbr　those　with　a　greater　FFM，　it　was　recently　reported　that　a　reduction　in　the

proportion　of　intemal　organs－tissue　mass　to　FFM　was　coupled　with　an　increase　in

that　of　skeletal　muscle（SM）mass　in㎜trained　individuals（Gallagher　et　a1．，1998；

Heymsfield　et　a1．，2002）．　The　proportion　of　low－metabolic　active　tissue（e．g．

SM）and　high－metabolic　active　tissue（e．g．　liver　and　kidney）relative　to　FFM　could

account　fbr　the　REE／FFM　ratio　fbr　no㎜a1㎜蝋ned　populations．　At　the　present
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time，　since　there　are　no　published　data　fbr　athletes’body　composition　at　the

organ－tissue　level，　it　is皿㎞own　why　the　REE／FFM　ratio　fbr　trained　athletes　with

agreater　FFM　does　not　decrease　as　wel1．　Based　on　the　apParent　reason　fbr　the

decline　in　the　REE／FFM　ratio　fbr　untrained　populations，　we　hypothesized　that

b・th　SM’≠獅п@intemal・rg㎝mass　increase　with　FFM　acc㎜ulati・n　in　athletes．

Thus，　the　purpose　of　the　present　study　was　to　investigate　the　effect　of　the

organ－tissue　mass　component　of　FFM　on　the　absolute　and　relative　values　of　the

REE／FFM　ratio　fbr　heavy－weight　athletes．　Tb　test　our　hypotheses，　we　ex㎜ined

the　relationship　between　the　measured－REE　by　indirect　calorimetry　and　the

calcul誠ed－REE丘om　org孤一tissue　mass孤d　the　as　s㎜ed　metabolic　rate　constants

fbr　non－athletes　based　on　a　previously　published　approach（Gallagher　et　al．，

1998）．

Methods

8吻ecぴ

　　　　　　Ten　m凪e　college　S㎜o　Mestlers　and　11捌e　moderately　active　college

s加dents（con仕ols）were　recruited航he　s加dy．　College　S㎜o　wrestlers　had

participated　in　regular　training（termed‘‘Kei－ko”）fbr　an　average　of　g　years．

Kei－ko　no㎜ally　consists　of　wrestling　exercises　and　additional　technical　drills

（Kondo　et　al．，1994）．　Control　su句ects　had　played　in　recreational　sports（e．g．，

s輔㎜㎞9，㎜ing　or　a雄tic廿aining）品r　at　least　tkee　ye劔s（1－2　times　per

week）．　None　of也e　su1蓼ects　had　a　history　of　cardiovascular，　endocrine　or
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orthopedic　disorders，　nor　had　ever　tested　positive　fbr　anabolic　steroids．　All

su句ects　received　a　verbal　and　written　description　of　the　study　and　gave　their

i㎡bmled　consent　to　participate　prior　to　testing．　The　study　was　apProved　by　the

T晦oMetropolitan　U㎡versi呼Et姐cs　Co㎜i廿ee飴r　Hum姐Experimems．

βo吻ω例ρo醐θ〃栩孤批吻ρ砿

　　　　　　Body　mass　and　standing　height　were　measured　using　a　digital　scale　and　a

wall－mo㎜ted　stadiometer，　respectively，　and　body　mass　index（BMI）was

calculated．　Body　densi⑲　was　measured　by　hydrostatic　weighing　with

simultaneous　measurement　of　residual　lung　vo111me　by　oxygen　diluti但（Abe　et　a1．，

1994）．Body　fat　percentage　was　calculated　ffom　body　density　usi血g　Brozekうs

equation（Brozek　et　al．，1963）．　FFM　was　estimated　as　total　body　mass　minus　fat

mass．　We　have　previous］y　dete㎜ined　th就the　test－retest　reli瑚ity　of　the　FFM

measurement　was　O．7％（390g）（K（6　ima　et　al．，2005）．

0瑠伽一伽彫吻孤冨〃2eα∫卿e〃㈱応⑳㎜

　　　　　　The　vo1㎜es　of　whole　body　SM，　intemal　org皿s（liver　and　kidney）and

brain　were　measured　using　a　General　Electric　Signa　1．5　Tesler　sca皿er

（Milwaukee，　WI，　U　SA）．　A　T　1－weighted　spin－echo，　axial－pla血e　sequence　was

per｛b㎜ed　with　a　150ms　repetition廿nle　and　a　4．2ms　echo　time．　Su句ects　rested

quietly　in　the　magnet　bore　in　the　supine　position　with　their　legs　and　a㎜s　extended

in　the　anatomical　reference　position．　Contiguous　transverse　images　with　a　1．Ocm
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slice　thic㎞ess（Ocm　interslice　gap）were　obtained　ffom　the　parietal　to　the　an｝de

joints　fbr　each　su句ect（apProximately　160　slices　per　person）．　Four　sets　of

acquisitions　extended　f士om　the　parietal　to　the　femoral　head　during　breath－holding

（23seconds）．　The　other　three　sets　of　acquisitions　were　obtained　ffom　the

食moral　head　to　the　anlde　j　oints　du血g　nomlal　breathing（Abe　et　a1．，2003）．

　　　　　　　The　vol㎜es　of　SM，　liver，　kidney　and　brain　were　calculated　ffom　the

s㎜of血e　cross－sectional　areas（cm2）detemined　by仕acing　the㎞ages　and

multiplying　by　the　slice倣㎞ess（cm）．　The　vo1㎜es（cm3）were　convened　to

masses（kg）by　use　of　the　fbllowing　densities：1．041g／cm3　fbr　SM（Snyder　et　a1．，

1975），1、060g／cm3　fbr　liver，1．050g／cm3　fbr　kidney　and　1．036g／cm3　fbr　brain

（Duck，1990）．　The　percentage　of　measurement　dif民rences　fbr　the　same　scan　on

two　separate　days　by　the　same　observer　in　our　laboratory　was　1．0％fbr　S　M，1．4％

fbr　liver，2．7％fbr　kidney　and　2．5％fbr　brain（n＝3）．

　　　　　　　Since　the　constantly　pulsing　heart　produced　artifacts，　heart　mass　was

estimated血01n　body　mass　using　the　fbllowing　fbmlula：0、006×body　masso’98

（Calder，1996）．　Adipose　tissue　mass　was　calculated　ffom　fat　mass　with　the

品s㎜ption伽85％of　the　adipose　6ssue　was飴t　and　15％of　the　adipose　tissue

consisted　of　the　remaining　calculated　fat一丘ee　co卿onent（fat／adipose　tissue＝0．85）

（Garrov馬1978）．　Total　body　mass　was　defined　as　the　sum　of　the　organ　masses．

Residu砿mass　w鎚c証culated　as　total　body　mass　minus　the　s㎜of　the　SM，

adipose　tissue，　brai11，1iver，　kidney　and　heart　masses．　Therefbre，　residual　mass

was　composed　mainly　of　bone，　blood，　skin，　intes6ne，　co皿ective　tissue　and　lung
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tissue（Snyder　et　a1．，1975）．

漉α顕τ■4r1棚

　　　　　　　REE　was　measured　using　open－circuit　indirect　calorimetry　using　the

Douglas　bag　tec㎞ique（Douglas，1911）．　The　su句ects　did　not　eat　or　cons㎜e

any　liquids，　except　water，　fbr　12h画or　to　testing．　None　of　the　su句ects

perfbrmed　any　exercise　36h　prior　to　testing．　Su回ects　were　asked　to　minimize

any　walking　while　en　route　ffom　the蝕home　to　the　laboratory　befbre　REE

detennin劔ion．　All　REE　measurements　were　perlb㎜ed　between　O730　h　and

lOOO　h．　After　entering　the　laboratory，　su垣ects　rested　in　the　supine　position　fbr

30min，　and　a　face　mask（Vise　Medical，　Japan）was　attached．　Expired　air　was

collected　fbr　10　min×2t㎞es，　and　the　mean　value　was　used　fbr　analysis．

During　the　test，　the　room　was　maintained　at　a　stable　temperature（20－25C°）and

noise　was　kept　to　a　mi血1㎜．　The　s吻ects　were　mstructed　to　remain　aw泳e，

quiet　and　motionless　befbre　and　throughout　the　measu血g　periods．　An　oxygen

and　carbon　dioxide　analyzer（MG－360，　Minato，　Japan）was　used　to　analyze　the

rates　of　oxygen　cons㎜ption　and　c班bon　dioxide　production．　The　vol㎜e　of

expired　air　was　dete㎜ined　using　a　d巧gas　volume　meter（DC－5，　Shinagawa，

Japan）and　converted　to　standard　temperature，　standard　pressure　and　dry　gas

（STPD）．　Gas　exchange　results　were　converted　to　REE（kca1／day）using　Weir’s

equation（Weir，1949）．　The　average　between－measurement　dif飴rence　fbr　REE

on　two　separate　days　within　l　week　was　4．2％（n＝5）．
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απμ血在がr醐

　　　　　　Calculation　of　REE　was　based　on　the　sum　of　7　body　compartments（SM，

adipose　tissue，　brain，　liver，　kidney，　heart　and　residual　mass）times　the

correspondi血g　tissue－respiration　rate，　on　the　basis　of　specific　tissue－metabolic

rates（Eli叫1991；Elia，1992）．　The　calculated－REE　was　computed　using　the

fbllowing　equation（Gallagher　et　a1．，1998）：

Calculated－REE（kcal／day）＝（13×SM　mass）＋（4．5×adipose　tissue　mass）＋

（240×brain　mass）＋（200×liver　mass）＋（440×kidney　mass）＋（440×heart　mass）＋

（12×residual　mass）

s伽’緬侃1α朋触js

　　　　　　Descriptive　data　are　presented　as　means土standard　deviation（SD）．　The

di騰rences　between　college　S㎜o　wrestlers　and　control　s両ects　were　tested品r

significance　by皿paired　t－test．　The　diffbrence　between　the　measured－REE　and

the　calculated－REE　was　examined　using　a　paired　t－test．　　Pearson’s

product－moment　analysis　was　used　to　detem血1e　all　correlations．　All　statistical

analyses　were　done　usmg　SPSS　10．O　software．　Statistical　significance　was　set　at

the　P＜0．051evel．
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Results

βαかco卿o甑oη伽ゴ〃2eαぶ脚φ皿EE

　　　　　　Mean　body　mass　was伍gher　in　S㎜o　westlers　comp孤ed　with　con仕ols．

S㎜o晒esters　had　a　higher（P＜0．01）body飴t　percen伍ge㎜d　mass　than　con仕ols．

FFM　was　47％greater（P＜0．01）in　S㎜o晒estlers　than　con杜ols（78．6　vs．53．3kg）

（Table　1）．　The　measmed－REE　was　also　47％hi帥er（P＜0，01）in　S㎜剛estlers

compared　with　controls（2286　vs．1550kcal／day）（Table　3）．　The　ratio　of

measwed－REE　to　FFM　was　simil劔between　the　two　groups（S㎜o晒stlers　29．l

vs．　controls　29．3kca1／kg／day）．　A　significant　negative　correlation（r＝－0．80，

P＜0．01）was　observed　between　FFM　and　the　measured－REE／FFM　ratio　in　control

su句ects，　but　not　in　S㎜o冊estlers（r＝－0．18，　n．　s．；Fig田e　1）．

Φ9伽伽彫蹴寓M〃㎡cα化吻‘ω・皿EE

　　　　　　S㎜o冊estlers　had　ge劔er（P＜0．01）SM，　liver　and垣　㎞ey　masses，　but

not　brain，　compared　with　controls（Table　2）．　The　ratios　of　SM　mass　to　FFM

（46．9vs．45．9％）and　kidney　mass　to　FFM（0．6　vs．0．6％）were　similar　between

S㎜owestlers狙d　con仕ols．　However，　the　ratio　of　liver　mass　to　FFM　was

㎞gher（P＜0．05）in　S㎜o　wrestlers　th孤con仕01s（3．1　vs．2．6％）働le　2）．　The

calculated－REE　was　47％higher（P＜0．01）i血Sumo　wrestlers　compared　with

c皿trols　（2324　vs．　1575kcal／day）．　　There　was　no　dif允re血ce　between

measured－REE　and　calculated－REE　in　both　S㎜o　wrestlers　and　controls（丁已ble　3）．

Asignificant　relationship　between　measured－REE　and　calculated－REE　was　also
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observed　i曲e　two　groups（S㎜o冊estlers：rO、93，　P＜0．Ol；controls：r＝0．69，

P＜0．05）（Figure　2）．’ABIand－AItman　plot　showed　no　significant　trend　in　either

group（S㎜剛estlers：rO．60，　P＝0．05；con仕ols：F－0．27，　P＝0．43）．　　　　　1

1）iscussion

　　　　　　It　was　previously　fbund　that　the　REE／FFM　ratio　fbr　those　with　a　large

FFM　was　lower　than　fbr　those　with　a　small　FFM　in　untrained　populations

（Heymsfield　et　aL，2002）．　In　contrasいhe　REE／FFM　ratio　fbr　heavy－weight

athletes　was　not　lower　despite　a　large　FFM（Bosselaers　et　al．，1994；De　Lorenzo　et

al．，1999）．　The　reasons　fbr　this　discrepancy　had　not　been　clari6ed．　Our　data

demons鰍ed血at，　a1血ough　S㎜o　westlers　had　a　geater　FFM　by　25kg　comp孤ed

with　controls，　the　measured・REE／FFM　ratio　was　similar　between　the　two　groups

（S㎜o晒estlers　29．1　vs．　con仕ols　29．3kcaUkg／d町；Table　3，　Fig皿e　1），　in　con仕卵t

to　what　is　seen　with　untrained　populations（Heymsfield　et　al．，2002）．　As

predicted　f旨om　the　regression　line　between　FFM　and　the　REE／FFM　ratio　fbr　the

no㎜al　population　reponed　by　Heyms五eld　and　colleagues（Heyms五eld　et　al．，

2002），the　REE／FFM　ratio　fbr　non・athletes岨th　an　80kg　FFM（which　was

approxim劔ely　the　same　as　the　FFM　of　the　S㎜o　wresters　in　the　present　s加dy）

was　only　about　25kcaレkg／day．　TlUs　value　was　lower　by　4kca1／kg／day　than　the

value品r　S㎜o瑚iestlers　m　the　present　s加dy．　Moreover，　the　present　study

fbmd　that　the　estimated・REE／FFM　ratio［29．5kcaUday＝（2322kcaUday）／

（78．6kg）］飴r　S㎜o冊estlers　usi血g　an　approach　previously　v凪idated　in
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non－athletes（Gallagher　et　a1．，1998；111ner　et　aL，2000）was　very　similar　to　the

measured－REE／FFM　ratio［29．1kcal／day＝（2286kcal／day）／（78．6kg）］（Table　3）．

This　supports　our　hypo也esis　that　the　REE／FFM　ratio　fbr　heavy－weight　athletes

can　be　attributed　to　increases　in　both　SM　and　intemal　organ　mass　with　FFM

acc㎜u1劔ion．　In　addition，　these　results．　also　suggest　that　the　metabolic

coef日cients　per　unit　organ－tissue　mass　remain　almost　constant　between

heavy－weight　athletes　and　non－athletes．

　　　　　　　Several　previous　studies　observed　that　aerobically　trained　athletes　with　a

small　FFM　had　a　higher　REE／FFM　ratio　than　non－athletes．　Poehlman　and

colleagues　fbund　a　10％higher肥E／FFM　ratio　fbr　highly　trained　male　athletes

（VO2m叙about　70m1／kg／min）than　fbr　non－athletes（VO2m蹴about　50ml／kg／min）

（Poe111man　et　al．，1988；Poehlman　et　a1、，1992）．　They　speculated　tllat　an　increase

in　the　rate　of　norepinephエine　production　mediating　the　sympathetic　nervous

system　may　pa就ially　acco皿t飴r　this　phenomenon（Poehlman　et砿．，1988）．　In

addition，　there　may　also　be　an　elevation　of　protein　synthesis　and　energy　costs　of

muscle　cell　damage　and　repair　secondary　to　intense　exercise（Poehlman　et　al．，

1992）．However，　an　increase　in　organ・tissue　metabolic　rate　fbr　highly　trained

aerobic　athletes　is　not　clearly　indicated　l）y　previous　published　data．　In　addition，

Poehlman　and　other　investigators　fbund　that　moderately　trained　aerobic　athletes

（VO2m叙about　60m〃kg丘nin）did血ot　have　a　signi飾antly　higher　REE／FFM　ratio

than　non－athletes（Poehlman　et　a1．，1989b；Smith　et　al．，1997）．　Based　on　the

results　of　the　present　study　and　previous　studies，　the　possibility　that　highly　trained

12



aerobic　athletes（VO2蹴＞70mVkg／㎞n）may　have　an　increased　organ－tissue

metabolic　rate　cannot　be　ruied　out．　However，　since　the　large　m司ority　of　aerobic

and　resistance　trained　athletes　do　not　have　a　high　maximal　aerobic　power，　the

metabolic　rate　of　organ・tissue，　especially　SM，　is　not　usually　enhanced　in　these

athletes．　Moreover，　it　may　be　possible　that　the　proportion　of　intemal

organ－tissue　mass（especially　liver　and　lddney）and　a　large　heart　mass（metabolic

rate　of　200－440kcal／kg／day）also　con血元butes　to　this　phenomenon．

　　　　　　　According　　to　　longitudhlal　　training　　exper㎞ents，　　the　　exercise

training－induced　change　in　FFM　elicits　the　change　in　REE（Ryan　et　a1．，1995；

Dolezal　et　al．，1998；Byme＆Willmore，2001）．　However，　it　is　equivocal

whether　the　REE／FFM　ratio，　which　is　an　indicator　of　variation　in　the　organ－tissue

metabolic　rate，　is　sim曲aneously　increased　Ibllowing　exercise　training．　The

dispa臨results　can　be　a仕ributed　to　a　long－te㎜EPOC（excess　post－exercise　O2

cons㎜ption）（Speakm㎝＆Se㎞孤，2003）．　Moreover，　it　has　been　repo就ed　th劔

acute　a血d　sustained　energy　restriction　induces　low　concentrations　of　thyroid

ho㎜ones　and　decreased　protein　synthesis，　which　are　related　to　REE　v訂iability

（Spea㎞an＆Selman，2003）．　Byme＆Willmore　perlb㎜ed　training

expe血nents　designed　to　exclude　these　co㎡bunding　ef民cts（Byme＆Willmore，

2001）．　According　to　this　excellent　study，　on　a　20－week　whole　body　resistance

training　program，　the　su句ects　gained　1．9kg　of　FFM　and　44kcal／day　of　REE，　but

did　not　increase　their　REE／FFM　ratio．　Based　on　the　results　of　that　study　and　the

present　cross－sectional　study，　the　iIlcrease　in　REE　fbllowing　exercise　training　can

13



be　attributed　to　the　change　in　mass　of　organ－tissue，　not　to　a　change　in　the

metabolic　rate　of　organ－ti　ssue．　Additionally，　Byme＆Willmore　observed　that

the　exercise　training　REE　change　per　kg　FFM　was　about　25kca1／kg　FFM／day

［（REE　44kcaVday）／（FFM　1．9kg）］（Byme＆Willmore，2001），｛md　the　REE／FFM

r劔io飴r　S㎜o　wrestlers　i血the　prese加s加dy　was吻ut　30kcal皮g／day（Table　3）．

Therefbre，　it　is　likely　that　REE　increases　by　aro皿d　30kcaUday　fbr　each　increase

of　lkg　FFM　fbllowing　exercise　training．　Future　studies　should　take　into

consideration　the　relationship　between　changes　in　REE　and　organ－tissue　level

body　composition　fbllowing　exercise　training．

　　　　　　Previous　studies　also　fbund　that　a　reduction　in　the　proportion　of　intemal

organs・・tissue　mass　to　FFM　was　c皿pled　with　an　increase　in　that　of　SM　mass　in

耐rained　individuals，　which　w郎ass㎜ed　to　con仕ibute　to　the飴ct　that血e

REE／FFM　ratio　fbr　no㎜al　populations　decreases　with　increasing　FFM（Gallagher

et　al．，1998；Heymsfield　et　al．，2002）．　However，　the　Sumo　wrestlers　i血the

present　study　had　greater　absolute　liver　and　kidney　masses（2．40kg　and　O．49kg），

respectively，　in　compadson　with㎜仕ained　controls（1．40　and　O．33kg）．

Additionally，　the　present　study　fbund　that　the　relative　liver　and　kidney　masses

expressed殿percentage　of　the　FFM品r　S㎜o　wrestlers　w卵not　lower也孤th就

fbr　controls．　These　cross－sectional　data　suggest，　but　do　not　prove，　that　the　liver

and　kid血ey　masses　increase　with　long－teml　high－intensity　training－induced　FFM

aCC㎜ulation．

　　　　　　However，　the　cause　of　the　proportionally　larger　intemal　organs　of

14



athletes　has　not　yet　been　clarified．　It　is　reasonable　to　speculate　that　the　liver　and

lddney　masses　increased　in　order　to　attenuate　the　extra　burden　that　these　tissues

might　experience　fiom　high－intensity　exercise　trai血ing．　For　instance，　the　lactate

品㎜ed　in　SM品110wing　anaerobic　exercise　training　can　be　conveHed　back　to

glucose　via　gluconeoge血esis　in　the　liver，　thus　burdet血g　the　liver．　Also，　when

muscle　protein　is　broken　do㎜by　exercise　trai血g，　the㎜onia　generated廿om

amino　acids　is　converted　into　urea　by　the　liver　and　is　then　excreted　as　urine

through　the　kidneys，　thus　burdening　both　the　liver　and　kidneys（Fouillet　et　a1．，

2002）．In凪ditio叫血e　n㎜ber　of　hepatoc”es皿d　nep㎞ons，　w姐ch　are

impor㎞t　dete㎝in㎝ts　of　me伍bolite　elimi血劔io叫are　related　to血e　vo1㎜e　of

liver　and　renal　tissue，　respectively（Nawaratne　et　al．，1998）．　Zoli　and　colleagues

have　repo並ed　that　in　h㎜ans制owing　hep劔ic　resection，　both　liver　vo1㎜e　and

liver　fbnction　progressively　retum　to　states　compatible　with　the　su句ect，　s　physique

（Zoli　et　a1．，1986）．　Moreover，　a　previous　study　with　rats伽nd　that　the　tissue

oxygen　cons㎜pti皿of　liver　slices　in　60g　rats　did　not　differ丘om　that　of　350g　rats

（Holliday　et　al．，1967）．　Similarly，　the　glomerular　filtration　rate（GFR），　which　is

adirect血nctio血of　oxygen　cons㎜ption，　increased　with　ch皿ges　in　ki（hey　mass，

while　the　GFR　per　unit　kidney　mass　was　stable　ffom　100g　to　400g　rats（Holliday

et　al．，1967）．　Thus，　it　is　expected　that　greater　liver　and　kidney　masses　in

heavy－weight　athletes　would　be　one　of　the　adaptations　in　body　composition　that

allows　an　enhanced　ability　to　eliminate　metabolites丘om　high－intensity　exercise

　　コ　　　　　

tralmng、
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　　　　　　Apossible　limi伍tion　of　t㎞s　s伽dy　is　th就we　ass㎜ed　th劔the　cons㎞ts

Ibr　organ－tissue　energy　expendit皿e　were　st劔ic．　However，　it　is㎞own　th飢some

of　these　constants　may　change，　fbr　instance，　in　the　case　of　obesity（Ravussin　et　al．，

1988）．Since　S㎜oΨestlers　can　be　considered　obese　by　some　meas皿es，　we

cannot　exclude　the　possibility　that　the　organ－ti　ssue　energy　expenditure　constants

were　di飽rent　in　o皿s吻ects．0杣e　other　h皿d，　S㎜o　wrestlers飢e　a趾etes

who　participate　in　vigorous　activity　on　a　daily　basis．　In　any　event，　f㎞her

research　is　needed　to　clarify　whether　organ－tissue　energy　expenditure　constants

are　altered　in　Sm皿o　wrestlers．

Conclusion

　　　　　　In　d㎡s　study，　there　was　a　very　strong　agreement　between　the

meas碇ed－REE　md　the　cal斑lated－REE　in　S㎜o冊estlers．　Thus，　both　the

absolute　and　rela6ve　REE（the　REE／FFM　ratio）丘）r　heavy－weight　athletes　can　be

attributed　not　to　an　elevation　of　the　organ－tissue　metabolic　rate，　but　instead　to　a

larger　absolute　amount　of　low　and　high　metabolically　active　tissue　including　SM，

liver　and　kidney．
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