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Effects of rapid weight loss on menstrual
disorders, body water and electrolyte control,
and oxidative stress for weight class athletes

20194%7H

BREXERER RR—YREHER
R KRR
NISHIMAKI, Mio

MREEHRE . RE #F &



H-X

BT TSGR D REEL L I revrereererememserineireesessesiesise e sis s 1
1. (KRR DR — 23D 72 & F IR DBEE oo 1
2. TRY — F OB TENC T T ELE oo 3
3. ZEEEIC X AWK MEE MR AREEIC MUT TR e 4
A BHET R Y = b DT covverererrererseetreiresessssisesesessessssssessesssssse e ssessssssssessessssanens 6

5 2 EE STHREE G ovveveereeeeresemsessesese ettt 8
1. ZUETRIR D ZEHE crovreererereireseeiesiseis e 8
2 AR DK B RE I T B s 10

1) ZuEEEIC X 2 KD B DRI ST FREE o, 10
2) ZIHEACEE 5 FRHE R DD ZE{l ewveeveeveemereremieneeseseiaesee s 10
3) ZSEIRE STIEIC X B FEIT DR v vovererererrerereeeseisecsie e 11
4) ZSEIRETEL LCOF P U7 ZABERE DT v 12
5) ZUEIE & 27U I Y D eeeeveeeeeeeeenereniee e 13
6) ZEIED N T F — =V AT T ELEE oo 14
) LT R — F OIREIC & 2 T wveeeeereerreseeersseemssee s 16
FI3F KYHERERHT 2 ) — F OREOREHRHE WIFEHET) 18

1. J S et 18



B B s 21

4| BB oo 27

B SR e 29
Fam LR VIRETFOJEREIC K BHUKSERILZ b L 2 LEMEREIC KIS

oA (70 2 20T EIANNIC X A HER) (WFFCERRETIL) cooeveeeevmmneriiniennn 29

1 S e 29

B | FEB et 41
B . JE SR eeereeee ettt ettt 45
5% HAAIIEE L UL DI weveeveereeeeeieereee et 46
1. B TTETE IR 0 HAT: covvevreerereereeeeeeseessesaessesse et 46
2 OIS L TSR DI evreeeeeeeeee ettt 47
3 FEZE ettt 49



HI1IE OB FE AN

LRY v 7ReZEz i3 U e § 2 REREHRGIB TR, SAROREILEHI L ol

RIEDSBRINCR E (BT 5. RO 2 RERIR VR —F 2720, HIRICIEU

REXISTHEI LOILV—ADBEDLNTWE, HETIHREXDICHEDYE, % DIRE

FERBite 7 2 ) — P EEFRHICHRTEE 2B 2% ). BRICIIFEOEIHVL 1,

R IARNICARE 2o 3 2HilE (37 2 Y — e K o5 EEZ L Tws, =

F v F — B HPOK OB MR, KEOHIT 2T -0 0FEERE & L, EF A

DIz NICHRITGRE R BHZ 2 T 28R S 5. (RERGREIEEIC BT 2 & O

RIS 570, REFEICOR VEm» 72 I NTE 7z, WMED S E~D QP ERE

B 201D 5N T3 b DD, REZFFARTELLD +57 Tl 7 <, B DI I

RO R ED > Tz, RERERGHEKO% i34 ) vy 7EREHTH Y,

BRANOSCHEHEZEES 2 &, [HEICBES 2 EREHES BRI UTTHEICO W T

AEICIRET S 5 2 & IR ICEETH 5.

1. REERHEROFEAL -2 72 56 TRE O RE

2T OFRERHRGERIL, BTy b Y — L 2BEHRIX s 27 L CTw 3 283 3

7Z®IT, B ORI, X DBROEHRH OB R ICHE W TANGFRERS LT D, (REH

EDHEif F coMEIIEmEEHIC X o TR % (Reale, Slater, & Burke, 2017) (Table



D.7RAY) = EIOXGEEZ NIRRT 2 -0 ICEIER S CHEREZ T2 021 H 5 23,

A AR A OREICHET 2 BE IR RV, Z D70t ERD A X TOMICLEDOIK

BET22LICX), BEMOARKDOEKEICE CRTETEIVE., 2V TR —FiZ

NAGHEONV—AZEFL T2 b DD, WHKFORE X Y bEWERiczy FY—L,

NAGEHED2 G CORENRCHREZR L, MEMET XY A CBELLICZO 729

ICREBEZ T 5 2 L% DR OHS i T 5. FHCRERR GBI D

WL, FERX D OMESIES o T2z, BEHRT R Y — b 2355HE AT IC 20EH

Gl

BETLUREMEIEE RS, B BERT RY — FAEEHRT AV — F X0 DAY
CIHEZ EHEICEM L Tw 2 & v ) EIX% < H % (Wroble & Moxley, 1998). A&
BERRA X R DR ELHIE CFHFICH A I L WIHIBRITH- 2 ICd DL T, &
HHE L 2EAEEIC X VRECHRIKECHEZANICE B ) LT 2EB VK

WhRBRAZELTW3,



Table 1. Characteristics of weight-category sports

Sport Weigh-in procedures

Wrestling (2018~)  Morning on the first day of competition and morning of next day.

Wrestling (~2017)  Once, evening before competition.

Once, evening before competition.
Judo Additional random weight checks morning of competition,
disqualifying those >5% over weight division.
Morning on the first day of competition and morning of every contest
Boxing day.

No less than 3 h between weigh-in and contest.

Tae kwon do Once, evening before competition.

Weight lifting Morning on the first day of competition of before 2 h.

HH#E : Reid et al.ic & % X3 % —FEIE
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UKL Twa, HEML SR cORMELHMEREVERELBI RS 2 Lid, BUFEH
DD V) 2 7 & E D 5 T & 23 & LTy % (Saarni, Rissanen, Sarna, Koskenvuo, &
Kaprio, 2006) (Kroke et al., 2002). fREFEHKAIHEE X, FHEEZE» DAL TICWLAIC
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3. ZOEEIC X B BUKAMER MEHERRRE I KT 3R

SEEICE, Z OHRNAEE R E L XL REENED L. BAEBEDOER L
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Olewinski, Shadgan, & Kiningham, 2015). 1997 £, 3% DT AV ANV R Y v /&
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ZITWHT L 722 & 23ts T v 5 (Remick D, Chancellor K, Pederson ], 1998). &
HHE CIEEI, RAKSEZED THIKE oz iR b g, s X EEE
Affic Lo ThUKIZR I N 225, Zho DA, BRILR P L AZHME ¢ 255K/ & 72
% Z &P T\ % (King, Clanton, & Laitano, 2016). &iEEO ML —=v 7% &
75 9 RE SRS EL 7 2 Y — MGEFE R O#E O A CH{L R b L R IREED < e
X LT 3 (Bloomer, Goldfarb, Wideman, McKenzie, & Consitt, 2005). &7 75 14 lig
FBIO7 V) =7V NEHIO A>T LIESZEDOKT (Andrade, Reid, & Westerblad,
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WCEL D> T3 Z ERRBINT W5 (Harman, 2006). % DIRAETX & IR BA

FPIEBET AR EZ2ICE D, ILICHER P L RIREERFHFE X N, T8
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72 X 11 C\» 5 (Morgan, Patterson, & Nimmo, 2004). L R U v 7NEFE#MNR L L7254

IZRICB VTS, JEMOBERICF M) v AEEOMINE XA ) v LABEEOKT
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FHREHECY 24 ba v e — L ZEELFETH 5. AL E+R V£

VIREDH S 2 ARREM A L, £ 08 220 CTHRECHMK A3 5 nTRErE»

»H BT EDERE I N T S (Bunt, Lohman, & Boileau, 1989). BE{E7 2V — F & iR L

TEWET R — F B EE T 5 EE& XD 7 w3 (Malliaropoulos et al., 2017), BAED &

RETHBZEMT 2LET R — FMFET 5. LA LAaS s, KIEKRERRST 2

U— P2 ReE LWMRIIEF DR onBRTH 5. RERSIREIE R 2 R L L7

RIS AR, BHEFEZNRE LEWIERIZLAETHE. ThoDHIREZLK

T 2 = FMCRBITHEIGTE RWWEHE LT, Ko S KR - i aztic s €

VHBRRCEL TWAR I ERHIToND, AHEERED R L AREWIREETIEINGD

WA OFEIBEREDME T L, AR 25 2R SrlRetE 2 m < 2 5. RERSG T H 2 2

W 2T, HREROLMET 2 ) — b ORI TR 5 7280, i 4 125 U 72 & G 23 24 2



L7325, WHFREBERHB T 2 ) — MCERE2 ST, MEFH &G I m T 72 & i

KB FREZLZILET 2 2 L3, SROXMET R Y — F OEEFHSP, HxDa v 74

YazvrZo—t 3 BESERNT - XICBY I LEZLNS.

PEoZ o, AT, ZEARERRET 2V - OMEOKELZILET 2

LEF—oHWE Lz WFERELD). $72, BV R) v 7EFE2NRE L, B b

SRR I 2RI R b L R P EE D EFETEOHER: I MBI O W TR 5

ol L7-(WFgeafEn ),

[(WFFEaReE 1]

AR ERSRS T 2 Y — b DR O REHE

(B SR 11 )
LRY Y 7MEFOZAEBEICK ZHKPIELA b L XL EME OB F HHERERE I &

(B 7 2 2 E IR X 2 i)

ey
N
i



525 SCHRERE

1. SUER

Gie

DHERE

il

TAY — b ANERT D REEE O TRk TH 223, B L TR D RN RIRE T

iX, BRI O Ik B X CEYHEIOHIR T & % (Oppliger, Steen, & Scott,
2003) (Alderman, Landers, Carlson, & Scott, 2004) (Franchini, Brito, & Artioli, 2012).
BEENEFOLEICIE, Ky, B, IRE, SEoHRIEEEh, Kot L ¥ —
BRI, AXEGHFE o 1EBET2 @ X Y 35% 0 238 £ 11T % (Alderman
et al., 2004) (Brito, Roas A, et al., 2012) (S. Fleming & Costarelli, 2007) (Kiningham and
Gorenflo 2001). X 51T, HKEBICOWTICHML THAaWT R Y — ki, FREDBiK
ICHH > TIE ZEK T 2 & O D H 5 (Steen & McKinney, 1986).

REHTOMEEPLHERLZIT ) EFOEIE X, FRLHEFEHM R % 2 (Reale et al.,
2017). ZE:ETF (Artioli et al., 2010) B X WK¥F4EL R Y v 7#T(Steen & Brownell,
1990) C#J 90%, EfcEL R Y v ZEF T 7T0% 23 EMICREZ{To T3 2 &
DL X T Y (Steen & Brownell, 1990) (Kiningham and Gorenflo 2001), H4: & &
Mo CIE % 1T 5 ElA I ED580 b3 (Artioli et al,, 2010). AARTOMERKIX, K
HD 2~13%DHPHTHE TN T2, KEHTOT A Y — MLl > — X v %l
RED 3~6%DIHE%# VKL T\ 3 (Steen & Brownell, 1990)(Artioli et al,,

2010) (Oppliger et al., 2003) (Popowski et al., 2001). 7=, KFAEL RV v 7EFZ X}



ReLizifETE, 41%DT72) — 347 e d 18T 5kg ofEEZ T 5 2 &8

X T 3 (Steen & Brownell, 1990), K27 > v, FE, 7av F—B XL X

VY OBEOT R — FEWNRICE I Ao HHBICEWT, BEICBT AR EVHE

Rliextd pmEFIE, K7 v 7 T83%, ZET69%, 72 F—T793%, LAYV

7T 11.0%TH Y, LAY vV IHEFETERD EWESE 7 5 72 (Reale et al., 2017).

FiTor—nicBnwCEaErEfIn s HiZ, e 7a vy F—CcRAEDHIH, K7

v IZBIXNY A M) 7T 4 v THEMHEREIN TS, A LFETIR, B

2 H BT EIIRE O 5% o E#HIFAN 2B EIC X VERL Twd., LR Y V7Tl

2018 FFICEHEN—ADYE I Nz, V= AWERTE TIERTH DR TH - 7223,

WERIFAEGYHOFE Lk o72. HADOL R ) v 7EFENRIC, ARTHOEFET

Ho7 2016 L, V- AVUGERDYHEHETH 2 2018 FFicH T 23A 7 HATL L D

TRER A I NHRE T Tw 2 (FERORE & IREAE, 2019). 2016 FiCilE 7 HAT

22 DFERZIT> T B FEFOEIG T 62% TH - 723, 2018 FITiE 30% £ THED

LTWwWiz, XHETFICEWTHFRBEOZLAEHZE N, 1 EBETICAED 5%LL E o

BYRLETH > 7B FOHGIE 2016 £ D 37%2>H 2018 4FD 4% F Tll->THY, T

2V —MIYHEEAL VB THERIIELS RS AR INA, LEXY,

BREFEON—NVICEEZRT 5 LRRINSG. L Lado, @FCHEERICIIME

W cE L, FFRRICKREZR T 2 & CHRARHICEME T X 0 REIIcEfic 2oL



Fz, R, BAICoR3 5 EEZ T 5E DS (Marquart & Sobal, 1994). 208K
ERGRIC T TELZELHSL 2 L7290 2T, FHERGEHLZ BAERZSE T 5 2 L »

HETH .

2. ROHE DK AP RE IC SIS S R

Bl JHR

1) RGHIRRIC & B oA k0 B AR IC T IE 5 1

NN
e

7 AU — b O Z2HMREE IR EE A EICHD &2 2 (Kondo et al., 2018) (Kondo et
al,, 2019). 2HMEZ B A5 T7T A Y — b i3ESEHE KL CTEEHRCEFNICS <
(Oppliger et al., 2003), AEHY7% Y OFHiEOE A& ZHRERT 2V — b OFFHE L
(Reale, Cox, Slater, & Burke, 2016). (REFEHA 7 2 ) —  OFRIEMAE MR Y 72 9
0 2EGE, OBEEHO 7 2D — b & IR L T 72 o GEREEI & BIRG
—, 2018), A EMSEREY Y Ik 2EE D ECAHEMESE 2 5 h 5 (Craig A.
Horswill, 1992). J#E% %L 327 AV — M, @HFFR L O BUCHEETEAMR V720
AAANCEHRICH T CEREZHO 3T L IR TH 5. Lz -> T, FFcREROT

A2 — MIFAKGEZES 3T & CRHBERLZERL L5 LT 5,

2) ZGHEEICHE O IR E o 21k
SER e —H Y72 0 o RPEME X 1~2L/H O #ipi < » % 53 (Sawka, Cheuvront, &
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Carter, 2005) (Maughan, Shirreffs, & Leiper, 2007), ZUSREIIBIKZS 2o, 20l
WEFP DL RY v 7EFIFRPEHE KT 3 % (Pross et al., 2013). LAV v 7 #EFD
HRE IRPEHEZ KT &8, RZEES L PRILE*ARIC LA T2 LRiEI N
T % (Armstrong et al., 1998). JREEMHEIMET T2 b oo, HIEL 3 2KHE ClilE
TEFERELC MRAT v F F—v v 7EEOREIEME ICHEE & T 3 MR % (L]
T37 20 —FXAE T EAHEE SN TV 2 (Clare, Conroy, & Spelman,
2009) (Franchini et al., 2012) (Giannini Artioli et al., 2010).
FROFEAZFREREST 2 E5HETH . 207 a2 EBIC X o TR I HilfH
INTHEY, TLFRTFa Y EHHIRFRLE Y BB KDO Na FIIEERE IC/ER L <k
EF M) LRI L, Aok b MET o> Y Y AREERMFFL T3
(Norsk et al., 1993). L2 L7 o 20l EIC X W IREERIFI S s ik b, K

PEARIT X B IR ENBERE 10 8 & 32 T 2 A BEE S o,

3) RUEIEIEIC X B FIT ot

TAY = MIREHEEZE IR IBRIC, BT eREI LDV F A=Y 2E
L CoEE, 7 FARET 52 LML XT3 (Brito, Roas, etal., 2012). =ik
T FHERE, HL VX oM Tr MIFITIC K o TR %RIEL T 5 (Sawkaetal.,
2005). X5, EHENC X o ThH 726 I N B HIE EFIZFTIC X 27Kk 0iEK %2 BN X
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4 % (Franchini et al., 2012) (Brito, Roas, et al., 2012) (Artioli et al., 2010). fe@Ehry GEH)

) LA (BEEREI~ OHEFR) HIRIC X o THITIC X 2 (RHRK D2 v]

HEL 2D, ZNODMIRE T 2 Y — FIFAHZICEIR L T 3 (Sawka et al., 2005).

FETR I, FEARC RN, MEEMREIRIE, MR, X MEakoky kL,

S FIFEARERIIC X o TEA T 5 (Johnson & Park, 1981). =iz B X » 4

SIS BRI ARE MK <, ARG RV R Lo, FrE v i o7k (Keizer,

Janssen, Menheere, & Kranenburg, 1989)1C X - T, FTEMEL 3 2 L 3P 1,

HWEROPBRICFEE T X% T % (Ichinose-Kuwahara et al., 2010).

4) ZuERETEE LCoF U T AEEE O

HRERERHI AR =Y 72D — BT, BEBT M) v 2EBIREZRS 32

EPEMHEL 7o T 5 (S. Fleming & Costarelli, 2007). t b offiZ, BHEft, EWEE

K ORIRORE; 28 U CRIEE Z B ICHET L Tw 5. F 1 Y v LEIE O HINII AR

I oMz b 7oL, 20 U v LEIE O IZHRIRETE 0P % b 72 63

(Shirreffs, Armstrong, & Cheuvront, 2004) (Sawka et al., 2005). FEHAR IC &7k 5 & % &

b7, TRV LBINEZHDIE L ITEMETETH LM, K- ) v LA

MAEREBIAE AT X 2 IERED Y 27 2.
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5) ZERE L 7)) a—5 v o

RERRS T 2 ) — M iE, BEPICRKEOEBIEZRS TRk I T2
(Reale etal., 2017). BRI, BA&H-CHFIEMMIC 7 ) a7 v e LTELLNS.
7Y a—rvolfEit, FREED 8%, BMHERD 1 ~2%ICHFEF5L TV
(Hultman, 1967). 2’V a—4"viE, 1:27 OKk: 27V a—%v) oHTKIHEET 2
Z L 2SN T B (Bergstrom & Hultman, 1972). 2@ 27 A Y — Mz 2z ) a—4
VIFEREZH O T T, Y a—F v A LK RERND DR S ¢, S0EE
RERL LS T3,

FATHIZRIC X 2 &, 7 HEOEEAKCY R I MEREEN 7 — 2 L 2255, #92%
DIREJHA % 1ZEK T & 5 (Sawyeretal., 2013). L2 L7236, 6 HEBOKRKILYIET
i3, RARFRH T — LRHFAT DA 235780 & 7= (]. Fleming et al., 2003). BK{LH D
BIHIRIE 7Y 2 =7 VICHiE T 2 /KO- KEZFAL T, SUHHEEZ AJREICT 277
THZ2DC, HHRITHINITZ N7 + —~ v 2 &K E X THRNITHTHE % ATHEIC X ¢ 528,
R IR 72 RAKAL P BRI SR 2 A ATRE = A L F — AR ICiE o & 2 fefitEd & 5.
Bk ) vy 2EES (I0C) 13, AFE—VIicEF 3N AT FLF—FE (Relative
Energy Deficiency in Sport : RED-S) 2%, BL 3+ _TD7 2 ) — + OFREFKELH,
Faeh, ODIME, B e ~EgE82 G AMENIC 7+ —< Vv A KT 20 26T E
# L T\» % (Mountjoy et al., 2014).
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6) ZHHEN ST+ —= vV ANKIT TR

TRCDOTAY — b FAETHHT 2720, RED N7+ -~V AR RET 27201,
H%ZoD L —=v 7iihd, @Y REMBLREREDa Y T4 v a=y 72080
T, idARDO N7 + =<V R L5 22BNV LD L TREBELEH T H
N5, ZHREDNT 4 —< VY RICEZ B EHAT 5 AN = X 40, BiKERES
5720107 A Y — b+ aNER T 2 I E ST EICHE S ABICE BB L Tw 5,

o277y a—7 VERORE M E - T, KOEBIEOET £ 72 JIMEAEOKT
2, BEREICEET L7+ —< Vv ZETOREICH 5 LIRE X LT & 7z (Burge,
Carey, & Payne, 1993). %7, SHORKICBIES KDY 2 &, BEORE -
AT SRR P I < FTHETE DS & 5 (Greenhaff, Gleeson, & Maughan, 1988). % oftic,
WoKIEIC & 2 BESRTE M2 i/ M AR RE DK T 72 & 238 1 & 41(Fitts, 1994), EAERT 13,
PRI 97 2 3551 L, AR RBERE 2K T €2 2 L dME I LT 5 (Nybo &
Nielsen, 2001). Z#LHDZ & XY, KERHREIT 2 Y — b 23T o T 3ETIEIZAE
PBSREICA DR E R KITT T el S n 3.

RUEE & N7 4 —~ v ROBIEE G L D% < 1, FEERORERERE] R R —
Y OFEMGR 2 SR ETCOTRAY — FoEEfTEIE Y IaL—va v LERT Y
AV EMATHS, N7+ —< v AFHEERE L L CERERS, ~vF 7L, #)), B
INTRA=RICEDEV 4T —bT A MR ERKRLRAEDSHV ST % (Pallarés et
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al., 2016) (Barbasetal.,2011). 7RV — b+ D7 3 —~ V ZAFHHE #1795 24 I v 7
(&, EEBWGHT, MEROFER, % L CGHE2 O REORE X ColEEED 3 [
TH 5 LH% v, WERDOFED O DEEHIET, 72V — b i3RI P RRE
Tk Y, Kotk ESPHEZRT. fiz) a—7 vEld, HEcHEICHRY T 25
FHER 17 Kl cRERTOfE £ TlIfE 3 2 2 & 233 & LT % (Tarnopolsky et al.,
1996). WEEZIC TR REBIFS R S N HE iR, BEBRICX 27+ —< v
AEEOMKTIRRED O N e G I LT w5 (Mendes et al., 2013)(Koral &
Dosseville, 2009). L2>L7%&23b, BEMEXY B ho BRI [ XY -2 T X
] [#hErdiv] EoN7 53—~ v KT 2 F L2 5 EHD W 5 (Garthe, Raastad,
Refsnes, Koivisto, & Sundgot-Borgen, 2011). ¥ I 2L —v a VLI NWizExT 4 v
DIEATIIZE CREH X 172 RHMiHEE L, 7R Y — b OEKEORERED X7 5+ — < v R %G}
fliTZ TR WATREE A E .

LAYV IIHRICE T 5 AARO N7 =~ v AREIX, LR VI AFLE X F L
AL D135, AfEFRMES L OEEEFEIERE ST —, LDHRELZ ETEEOERIC X
> THRE X5 (C A Horswill, 1992). FREEHGFI T AV — P D87 4 —< v ZFEA
DS RFEAT 7e E O D TR 2 o Tld 7z <, A FRHCNEHEF L v v 7
+ == VARMICEN TV 2 0B THIRT NETH 5. 20w 2B ADFFOFT 5
fii7e & ORENICERE 2 KITE T, RRRICABRO N7+ —< v 22 FHTE 2 X5
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7o, BELLITWELED-a vy T4 a s VY IIRERTH 3,

7) T A — F OFEIC X A EFERE

FIFATRET A L ¥ — A8, UK TERTEEE AR, BHEED 3 ooiE 2 [RET R

—FDO=FE LEEL, IOCRT AN A RAR—VEXESTIILET XY — Fc i

BEMEE LCEEZES L Twb(DeSouzaetal., 2014). EisfEHICH X528, avTF

4 avoillffi, 7Tuf—vavofifiorvic, BEBORAD L LI Y IKEFBD 2

M2 EZF0% ., BUHRREEa vy fo—ARnE o FE R, FHATED AL F—R

REBVERIEFEZFRIEST 2 2 L5 5. WBRAECHRIER & OEREE L, —LlE

LH T 2T RAY —FTEHL, FRICI0 DT R Y — P REER, RERRGHT 2 Y

— FTH W DTS T B (Torstveit & Sundgot-Borgen, 2005) (Joy, Kussman, &

Nattiv, 2016).

LT 2 ) — + OREFEAD I, EHBEEAROREBRICKRECESG T2 L3 broT

\» % (Fishman, Boyar, & Hellman, 1975). &R0 20EHE IZH T 7 XV — M 2F Tk

AKFTAY—FbBImoTHY (Artioli et al., 2010), (REREHEFIEE cH 5 LML

RY v FEFENRE L2 TUE C, EF R AATICBE R X ) GFEICFEZ D

X3 LRMEINT WS (Nishimaki & Sakamoto, 2018).  ZeHAKERSHLEI 7 =2 Y

— F OREGHTOEY, ARAEPCEARZIIZE T LB TRcELLNS.
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93 HEARERE 7 2V —  DE D LA

p—
2
(]

LNEAREFERA 7 2 Y — b O 2 E 2, v v FPENICERE 2 RIS RENE D B

5. PRERERGI 7 2 ) — bicsnT, ARTICHE O BHEFIR, KofiliR 2 Hhv -ChEl

BICEHREZBS TAEBELSBTTRA) — U THRELTFT7TR) —FOETL B

mbi T % (Artioli et al., 2010). 7 &Y — F 25&R T 2 ETER, KETRY — ¢

CEH T3 AREEOERKE R 2 FIHMELALVF R LAY, BEREELF XK

Z & b ® % (Torstveit & Sundgot-Borgen, 2005). &7 AV — b icE LT - &

AR b LR, (RE - RIET OB, e v EREEOZALHEEIN & 7 b FIES 5 @B

I H A% 2SR & 0T 2 (Otis, 1992). EBIVESE A R8I T 2 ) — + D EFHA

BEICREZ &2 cirnl, BREE, BAR SHREL I XETR) -0

“FEEMHBICBEEL TWw 3 Z L HEE X LT b (Nattiv et al., 2007).

WRFFICIARENAZER Loy T4 vas v I/ BREeEx NG, KT R

—FPOWEITZEET AV —F X0 QEEET, F~DEERIKE N L BLGICTFHETE

255, Lk AREIAC ARRE 2 L7 2 ) — VRrEORER 2 v T4 v a v e

JE L 72 EIEEIIHERECIIZ LA RINTu RV E o THBEE TlE RV, KET

AV —=brDav7avayiiHiid 3 7EO 0L OBEEERROBIE TH Y, Z DHIE

DEZHEME, FHAEI ANV F-FROJKE] 2RSS 22 THL. HREENS
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BEONSHRAI I A S N T W27 2 ) — F 23FHA[RE = AV F— R RiIc e b &, T3 13

IR R 2 -0 @I 2 0, X HICHIIATRE = A v F — A R0k S e 1T

PIZIEHEIN & 72 2 7290, ARIRIID B & 75 2 (BEBA X 02> etal,, 2018). PR EFE R 7

A Y — b oEEY], AEROMEN & EERROREEZBIR TS T, HHcHIT S

Y 2 HEN T A ¥ —ROBEY, AR ZEE L ZEF o s L 7 5.

AW DO HIE, KHEEERRE T 2 Y — P 28R, KEEEREH7 2) — o

BEOREZLEST 5L L L.

2. ik

ARH

WREL, RACHET 2XTFLVAY Y IEFTH, FEEF1LHA, VA )7

T4 VRT3 40 21 4 GEEY :21+1 5%, BE :159.0+5.2 cm, {KE 60.2+6.8

cm, BMI23.8+1.8kg/m?) T&H v, HAIMIC b L —=v72 GHIC 6 H, 3KE/H) %7

2Tz, WNRE R, FBROFCEROBAN, NES XU THEINIERICOWTT

a2, REECEL L) ZCEBRICSML 2. AERBROEMOHTIC X, X7

V—=v 2772 (eBE, KRE, KRR IES X WERZEIC X 2 BHERE LIERD

WD) %0, RBE RS0 & R HEAL 2. ABIE, 2Ry Ry

2= [NENRETMRICHET 2MHMEES] ORE2GUTbh KEHFS



2017-041).

ELREWaRES

FEHARNZ 2018 4EF 4 HAH 10 HD 6 » AR & L, FEFAR A It G 13 5L R4,

fRE, JHEMKBH, 5HEH, ARMGBHSs XOARK THEZBHIRL 2. FEITER

RERE % 72 (X TR D b L —= v ZBHC 50 THT b L 5 BUE AT O 1R B % ek T

AL 7.

AR B X O H #EEE o HE

HREHIaHIH 2> o R0 HREFAMYIH £ T% 1AL L7z, AREEEL, 1 H#s025

HAME7213@39 HU LT 2, Qi 0O HE & ik L 7 HU Lo ZB 25 3,

EERLIDDFMFDIBEY LA L L., 7, WFMEARIE 39 HU E, 515

TEAREIZ 25 HoRi & ER L 72, SR RE DO AREEHLKIUT ORI L 7.

ERNRE O HREREER (%) = {(FHFErH R R SAFEMEH R E R+ 7 HBLL

DB K + BRI o AR FAMES <100

SRR ANE

HSAEHIE B E BT 721, X E2SAFNCHIC R > 72 IREETHIELTH 5 o
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7. BIKIFZNECTE 2 2D REFEZIE L, BAa2581Cd+1R/HE Lk, KRt (MC-

652LC-PK, A4 2w v##) ZEHTIC 10 BEH T2 e TEMREZHEL 2. NRE

FERIRARIC 310 5 “HEOFEOHE X, OMAY2 25—38 H, O & &

DR 0.2CHE, @i 10— 14 HEE 2R T DHEBV X 2 et al., 2018)

L L7~

e AL

MR S 12 4O IE L EEEIR 22 COR L 72, B REEHERIC IEIG D 7w ¢ 1R0E &2 H

WTHRETL 72, ARERERAEEXKD KL, Pearson @ X2RE X W72, et 1

IBM SPSS Statistics 24 software (SPSS Japaninc.) %W TiTVy, #at A EKEEX

fElRE 5% Am & L 7z.

4) FEH

HFRF DR

XTRE DFFH % Table.2 ISR T. AARNICAEZEE L CW2EZ2EED Y FE(n=11),

L Cwihro B 2HER LAEL Lz (n=10). JlEDH YR L HE % LT CHER,

SR, hE, BMI 5 XFHRHBICER 2RO o d o7, 72, BEDY

FED e HE0Z 13.1+6.1 H, “FHMERIZ5.2£2.1%TH - 7.
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Table 2 XIHREDIFE

HEHY HEL
(n=11) (n=10)
Fhr ) 20+1.4 20+1.1
& (cm) 159.0+3.8 159.046.6
KE (ko) 61.3+5.7 58.847.7
BMI (kg/m®) 24.2+1.9 23.2+1.6
THRZR% (B) 5.8+1.0 5.7 +1.1
F1E+LSD

WED B, HEL L0 AREE R L IEH AREE Figure 1 IRT, AREER
2R 7 LEEC 30.0%, WED VHICEWT546%THY, AEAEIIED N2 -
2. WEDVHESIVEERLBICBIZEFARTH > -0 REDES (Figure
2), ARBEEZHLENREOEEZRT (Figure 3). HEREF 13 1 A2 25 H K
DAFEMEARE, 1 F23 39 HU EH 2 EFMARE, HEAROIEH ML, £h
ZNDIERNBUIBEFEEARE 26 %4, WFMHAR 34 Tho7, MARKCHEALT, 1
s AU AR a0 o N REVRED WVEICEWT 24, 247 Al o NREH

WEIVEICBWTI4L4TH- 72,
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o

[ [
=
Joe J:

\
/|

60.0%

Figure 3 &7 LEHICH T 2 AREFEEA L IEF ARE & O i

HLAL]

BRED VHONREFEOH» O ZMEEZR LT =%, REhadolT —X, WER
LEONREOH DL MEEZR LT =%, R o7 —2%2HHL, ThE
NWiRD RN Ch o 7o 7 — 2 i & L <R3 (Figure 4,5, 6, 7).

Figure.4 ONRHF I KEOFHEHATO 27 HRE T 2.8kg (4.2%) DWEZIT> Tz,
i EAE O 5> bRPlo 18 HE % R#E¢/R3. Figure 5 OXRFIFRADFHREHATD

15 HfE < 5.9kg (10.0%) DIEZIT> Tz,
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5. B

RIFFE IS AR E R 7 2 ) — + ojdEs, AREHCARIHOMERICE 2 5

HEICOWTHHL I 22 L 2HWE L, REEDLKET XV — M 2WRICHHEL &

Txolz. ZOfR, AREERCE W THHFCHEREZIRD oNARp o725, HiE

REZGZEZ LETFORIGS, HED VW TEWHRZRN L2720, KREH]

DREPSHARREICEE Y 5 2 2 0[REERRE I 7.

X

RERERICBWT, WFFCAELRZITED oNE o7, EHREEED 5 b D Ak

J0

REPEC G R2ENREICKRD7ZE 22, HED Y FFTHHE 54.6%, JHExR LEETF

¥ 30.0%TH o 7. £7, HEHRTIC—ZTH AREHZEZ LZABOHETH S

EHED YVEFTIE 91.9%, EEZRLEETIX 60.0%D L WIHFEIRTH -, HED YR

ICHBWT, FAEMRT O T AR EE L HE I NNREN 34, &TIEFE & HE

INTWNREN 1 HTHoFDITH L, WEAR LTI, £TRE LHE S N RE

204, BCEFHLHEINTZNREIZA4LTHo72. TNHDFNE L CTEMIHEIC

KBMMARE AL F— AP HBRFE 25 R LT[R EZE 260 5. 2 C

TWHHAAREZ AN F - TR AL F —EBIE? OEB)IC L 3 AL ¥ —HEE

ZELFIWEE=FFOEED -T2z 420X —8] TH 5 (De Souza et al.,

2014) (REBA X 2> et al, 2018). THIIT A Y ARF—VIEFART 2007 FicFHERI N

e WET A — P D=ZREBE —HT 5. FIHARET AL X — AR RBRERC 2 & T
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o T H#AED b DKL ALVEY (LH) OBz oh, PN e %D

(Loucks & Thuma, 2003), BEUIAA SR b L &b EHAIMICRK TWIZ AR

AEIC72 Y, MARICKR 2 (BB X 22 et al, 2018). EAMICIIFIHATRET 4 L ¥ —

23, REDSEHEBoER % 2 Lilvwi-RIEIHE (Fat Free Mass:FFM) 1kg® 72 b

30kcal/ HKHEDIRAEEIC 72 2 & ERfL A £ Y (LH) ORI 7253 b 23 B & 20 H 32

HALL Fic o723 % L3 X 11w B (Loucks & Thuma, 2003).

IEH 70 AREEIIM 2 R 37356, ERERIROHERS X “MIEZ R T 2, MRED S b, A

RIS “HHTE 2R S B DS 7o, R IRIR D HERS 25 AR D o — MR IC 2 (L 2 R SR

LT, ARG A ¥ —o AR C 2 12X Y, o TEAKD2 5 DA

LRy ORI WS IZ o, PRI R k2720 L MEI N T2 (BEH X

2 etal,2018). L2>L, KRAWTICHEEZ B 7o T T AR M2 R 5

WRENRNDE—, BEEZBIh> T THEBEES MHELZRIRVLHRED

Wiz, 72, ERREOTTCHWEOHMIC D ST, “HEERTEHE R R

JADH o7 2 L b, BERIC X ZHMATRET A L F — ARSI, LHED XL X,

EIERERE, AR 7 v A ORI, SR oK T (IR EET, 2009) 7x & EEREMR IR 23

THEETR T ORI RIS EST 2 E RS D D TE R tEZLONS, L Lk

B, AR cRMERELZ B o CwihnEdRLEVYSMEHETCET, 20

BRI OWT IS B OB BV ETH 3.
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AWFFEIT T D0 DRTE R S ORE D B 5. S [RNINRE DR %2 IE T & 72>
otz ®, BHECHENEOESARRE ICEE 2 METrRET 2 L8 TE R
ofz. o, FERTEOHEZMYMAEPLRFFELEML Tz, BE?H

OB 5 BN ARER, FFICo AV F—NT V ROFELHLNICT S R

FEELE

TP T,

AFFEL, REEREEEE O LT 2 Y — + OjEE 2 H e HiE OfERIC S 2
LRGBICOVT, REEDOKETRAY — F 2N RICHL T2 L2 HWE L7z,
B ARAHAEEORICBEDLH 5 2 L ARRI NI,

ARIFFEDRERIT, LT 2 Y — P REZEMT 5 2 & IFARREN 25 &k 2 3 EHNK
%Y IBTLEBRNRLTCNS. Tz, KETRAY - MEZT 52 & 3BT
2V =P RIGEESTRE L LEZOND. £, BHUUE, FERIMCKDEEIC

L2 BL Vo IERD RS 5N BHEED LIC K WEEH T3k <, Iiaficabe

CRESEA T3 ERA»D L,
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4T LRV IEFOZEFBREIC X 2 HUKSBEIEA b L AP EME R KT

s (873 5 QalEIEIC X 5 HE)

I

SR X EE R BUKIREZ 5 2 2 SalRetEs H 5. Sl E R C Rk B 2

WS THKIC X - TEK X L5 (Kondo etal., 2018) (Kondo et al., 2019). %, BEEY

IKTEREZMRIGICHS T, Y7V F A=Y EEHALTCO ML —=v 7, 37 FOFHIC X

> THITEAZH T4 L OIE %% 38R L T % (Oppliger et al., 2003). 7% <1385

IKOFHHFEIE & L CTRK G BEOEZHIELTEY, LAY VY IEFDB I 45 23

il

ICHEBELRBKSBEDORAD # D L T\ 5 (Kondoetal., 2018) (Kondo et al., 2019). L 2L

ROk o B D P TR U AR T IR E 1 2 MERE 3 2 BRRE 2@ < 7z % (Charm & Kurland,

1998), K5y D B THIAKIREEZ HIWT 32 & L 1ZTE 2\, Bk OHE I 12 M o ERE

BESHG SN TE Y (Popowski et al., 2001), L RV v 7EF 0 20 E RO FiKIREE D

M OEREEEICE > TCIHMETRETH L. L2rLAERS, TRNETLRY VIIEFOZ

R A3 M D BEARE IR IS ST IR E IS 2t e o TR,

FOHME AT L IFBILA P L AR s REE D FE A O NS, —REMEE R

ELRITMIRICBE VBT, ¥ 7 FBRIC X 2FED 3% DKL A P L 22T g7z 2

EEREE L Tk Y (Paiketal, 2009), BiKIZMBILA L 2DFERE D EZLNS. (KNKY

BT I, AN EMEREEZHAHIT 2R VEY THETARFAT B VY RJWE
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N 3 (Féraille & Doucet, 2001), 74 F A7 v v(iZ NADPH # ¥ A —¥ 2 HKH ¢, &

MeRDELEZTUESE 5720, RRL LTRILA LAY 2 2 LRI TH S

(Keaney et al., 2003). L7223-> T, 2uEHEIC X 2K BBLA P L RAZEIME 200D

Lz, FERE, LAY v 7EFICE T 12 HEoREED, RYPOBIER + L 2 {51 %2 1

&7z L T T % (Yanagawa et al,, 2010). L2 L7280 2 EOEFRIT 7 HL

NoOWETH Y, 7 HUNDOEELBL A P LRI T TRER RS L 725k

W, BHARLZY) v ETFHEICHIG L BT 20 RICEBL 2FETIC Xk 3 L, K&

F7EICE L 72 RoIs e AL 7 HUWNTH o7z, AR CIET2EER & LT

EIRS 2 afREED H 2 7 HFE, 3 HRE, 1 HECEHL, KRPERFLRY v /EFOR

75 % 2RI A BACIREE & LA P L RIS RUTTHEZHO T 2L ZHIE L

7=.

2. ik

ISEES

WREL, BPREELRY) V27EFO4 (Filin: 2022 5%, HEK :167.1£4.3cm,

BMI : 24.9£2.0cm) T» Y, #@E 3 EH<EIC 5 BELE, RARNIC 5% FojgE%

BlhoTwi, NRERF, FERONCERD A, WAL OTFHEEI RS ERICO N

THosdtHzZ g, AEFICEA L) ZTEBRICSIL 2. REBROFENMDATIC I,
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27V —=v 7 T7AL GeHE, RE, MIEFE, Tl X OVEMSIC X 2 BHFEE L iE
WoFd, DmEREES X OREMERICBE 3 2 MERE) 217\, R ICRIED 7%
W & RRERL 72, R, B KO AZ R E T AFEICEH T 2 mERES]

DEREGTTb N OKRHE T 2013-272).

EE 7o b an

R 7 1 b+ 2% Figure 8 1R T, F0NRE 1L, FEEROBiH & [FRkic 25 K (1 H),
73 (3 H) F7z0% 169 Wil (7 H) DANICHREZ 5% o 3 & 5 icfim d iz, &
AT, 7 v R felelsGAlEcHEMm T Nz, FEITRIE 4 EBMU E2E T2, =X 54
v (TD), KED 5%HERE (T2), 14 Ko A HRFOKEFEEE (T3) @ 3FA v b
THRALKHIE B X OTEIRER LI X 2 PR ofHiiZ 5 2 ko 72, T1 © 24 KfREIAT
DONRER, Tra—n, A7 A4 vEIVERHRMNZEEZ, MU WESZ L 7Z2n
Yo iR E N, T1 Y HicRF 12, 840kcal (R @ 126g, 72 A 1F < H 31.5g,
fE'8 23.3g) DIEHERZRBEL L 57, T1 OHlER, WREX1H, 3HBXUTH
floWE*ZNZEN 1 HBZD 5%, 1.7% 5 XK 0.7% T 2HREI DT % X 5 ICiER
%%, HETREDHREICE o T »ERS B kb, NREIX, 2alfTemL
T, Tl o—HMRTL Y & I ve I TR EL TS 7Y A v 0BH
35T 2 X SRR E R 7.
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Tl T2 T3

drinng Rapid weight loss Recovery

Non training | 2%, (1day or 3 days or 7 days) (14 hours)

12:00 17:00 18:00 8:00
Standardized
Tunch

Blood sampling t . .
Body composition f f f
measurement

Figure 8. Study design.

PHE RGN E
fk#E (BM), FriEMifkE (LBM), Mk (ICF), #ifashi (ECF) ¥ X UKk
& (TBW) 3EKRESA v ¥ — X v 23k (InBody710, Biospace #:, HA) ic X >

HEE X 7=,

MR AEAL T
MR EREE, ME AT IR X 30 R CEnE L, MU I % 72 72 B 1IciE
LB (KUBOTA w8l b /NRE.O /0 BfERE) 1< € 3500rpm T 10 4yfEhEO 5B L 7=,

wHOGTHER, 2N NORINE A o g, MAEZME L, HEE TmEd L < Idma(-
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80 CORTE L 7z. b N7z s X MG 12047 £ ¢-80°CLA T I THEIRTE L 7. Zo#r
HE I, LA P LRI LCF A ey — K IGHEYE (TBARS) & X ONEE
MR AHEY (d-ROMs) I X CEVENTTEELAE (BAP) OMIE %175 72, B2 b
L 2451 D 53 #7 12, TBARS assay kit(Cayman Chemical), dROMs- BAPtest kit (Diacron)
ZHWTRAI—E & L7228, BE L b 2 E2CRGE I3 HE 21T WEO IEEHEIC
Zo7-. IMiFEREE (Osm), MiEF b Y v 2RE (Na), 52 v — WiRE (CD, I
EAY Y LRE (K), MiEHvey LR (Ca), MEFFIRSVE ViRE (ADH),
MAFEF7 AL FRF 8 Vi (ALD) 3L UR—~—FF 2 FF 4 24X —¥iEM (SOD)
DML, HHEREEES (SRL, Inc. Tokyo, JAPAN) ICKHH L 7=. =5 L v &7 I v PUfERE
(EDTA) WL 72kt o~ 7o v X ~< 27V v MElZ, HEMERGK
#% (pocH-1001, Sysmex, Japan) % i\ CHIE L 72, MRS <2 T i, Dilland Costill

(1974) D Hic X b EkaiE L 7-.

i WU

FRAT G SR 1 & O i TR 22 O L 72, BaITRIC 0 2 HPE fE o bk ic 1,
DIRLDH 35 2 FTIEDHHOHT GMT XK 21707, 61, &IHH O HIE R
LB B EICOWT, LHEHEX (Bonferroni) & VTG 217 o 72, #ialLElix, IBM
SPSS Statistics 24 software (SPSS Japaninc.) #F\CTfr\vy, #EHARA B X ERR
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5% A & L 7-.

w
2
7

SEEIC X 2RI X OEREIRIELD?

B3

1t

HREITT A, 3ABLVCT BRITOT X TORITTHRED 5%MELEK LT (£

nZh, 5.06+£0.52%, 4.95+0.52%, 4.91+0.34%). BM, LBM, ICF, ECF B X

TBW (2T, T1 &tk L T2 THEIWCE A L, T2 Lkl T3 THEISHEM L7

(Table3). HCT, Osm, Na, Cl, K, Ca, ADH B L WOALD 2B\ T, RITRICH

BIRAREASERITEZRD b/ 7=, HCT, Osm, Na, Cl, K, 3L WALD |cxt5 A

MOEDE (p<0.05) 2338 b7z (Table4). Osm, Na 3 L OALD 12\ C, T1

L L T2 THEWICHEM LT (Table4). Naf XLWNALD (2T, T1 &thig L T3

THEIZEWMETH -7 (Table4). HCT, ClEBXLOKIZHBWT, T2 Ltk T3 T

BAEIZEWMEZR LT (Table4).

ST K DERE A b L RFREE DAL

M

dROMs, BAP (Figure9,10) ¥ X UF TBARS (Table5) icBWTHRITRIICHEE AR

HAERIZR D b 752> - 7z. dROMs 105 2 IffHl D FRR AR b0 T1 & Hg L T2

THEICEMEZR L (p<0.05) (Figure 9). SOD ic B W CiliTRIICHEE =L AFH

RO, 1HRITO T1 LHIRL T2 THEICEWEXZD b, T2 &L T3
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THEIUKMERRD bz (p<0.05). 7 HfTiIcs W T Tl LKL T2 THEICHE

EHFED S 7z (Table 5).
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Table 3. Change in body composition measurement, baseline (T1), immediately after weight loss (T2), weight regain (T3).

Trial Tl T2 T3 P Effect size
Mean = SD Mean = SD Mean = SD TlvsT2 TlvsT3 T2vsT3

BM (kg) 1day 68.5£7.9 65.1£7.5 67.5+7.4
3days 69.0%8.2 65.6%7.7 67.5+7.7 p<0.01 p<0.01 p<0.01 °0.969
7days 68.3£8.2 65.0£7.7 67.2£8.0

LBM(kg) 1day 59.9+6.9 57.6+6.4 59.1+6.6
3days 59.8+6.7 57.6%6.6 58.9+6.0 p<0.01 p<0.01 p<0.01 °0.960
7days 59.9+6.8 57.5+6.4 59.0£6.9

TBW(kg) lday 452 +£4.1 43.3£3.8 44.4+4.1
3days 44.9+3.8 43.2+4.1 44.0+3.7 p<0.01 p<0.01 p<0.01 °0.958
7days 45.0+4.1 43.1%338 443%43

ICF (kg) 1day 28.4+2.6 275+2.6 28.0£2.8
3days 28.2+2.4 27.3%2.6 27.8+2.4 p<0.01 p<0.01 p<0.01 °0.933
7days 28.3+2.7 273+2.6 27.9+2.8

ECF(kg) 1day 16.8+15 15.9+1.2 16.4+1.4
3days 16.7+15 159+15 162+1.4 p<0.01 p<0.01 p<0.01 °0.962
7days 16.7+1.4 158+1.2 16.4+15

BM body mass; LBM lean body mass; TBW total body water; ICF intracellular fluids; ECF extracellular fluids. Magnitudes of ES were

classified as *rivial (0—0.19), °small (0.20-0.49), medium (0.50-0.79) and “large (=0.80) effect size between time.
36



Table 4. Change in concentrations of hematological parameters at total of three points with all trials

Trial T1 T2 T3 P . Reference
Effect size
Mean =SD Mean £SD Mean =SD TlvsT2 TlvsT3 T2vsT3 range
HCT (%) lday 45.9+2.6 47.0%2.6 4A46+2.2
3days 46.9+2.4 47.0+2.5 455+1.4 p<0.05 °0.497 39.8-51.8
Tdays 47.1+23 48.3+2.7 45.0+2.6
Na (mEq/L) lday 141.8+1.6 142.7+1.6 141.1+1.7
3days 140.7+1.6 142.4+1.4 141.2%+1.5 p<0.01 p<0.05 °0.605 136 -147
Tdays 140.9+1.8 141.7+1.1 141.3£0.9
Cl (mEq/LI) lday 105.3+1.6 98.7t12.1 113.1+17.0
3days 103.1£1.5 103.5+12.1 107.8+14.1 p<0.05 °0.382 98 -109
Tdays 103.8*+1.6 101.0£17.0 116.2+22.2
K (mEq/L) lday 41%0.2 41+05 46+0.6
3days 4.2+0.3 4305 4.3%0.6 p<0.05 °0.373 3.6 -5.0
Tdays 4.2+0.3 42+0.7 4.7+0.9
Ca (mg/dL) lday 9.3£0.3 9.2%x1.2 10.2+1.3
3days 9.4%+0.4 9.8£1.0 9.8%+1.2 °0.291 8.5 -10.2
Tdays 9.4%£0.3 9.4+1.4 10.2+1.9
Osm (mMOSM/Kg) lday 290.2+8.2 294.0+£9.2 291.4£8.9
3days 287.6£5.3 291.0£7.0 288.0£6.3 p<0.05 °0.706 276 -292
Tdays 286.8+6.6 289.9+6.5 288.2+7.8
ADH (Pg/mL) 1day 3.4%25 35+15 45+3.0
3days 42127 5.9£43 5.5+3.5 °0.207 < 3.8
Tdays 3.6%x2.5 4.0%+2.1 45138
ALD (Pg/mL) lday 152.5+£74.4 219.6+107.0 214.3£89.1
Tdays 155.8+72.5 296.3+119.1 258.9+164.1

HCT hematocrit; Na sodium; CI chloride; K potassium; Ca calcium; Osm osmotic pressure; ADH antidiuretic hormone; ALD aldosterone.
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Magnitudes of ES were classified as *trivial (0-0.19), ®small (0.20—0.49), ‘medium (0.50-0.79) and %large (=0.80) effect size between

time.

Table 5. Change in oxidative stress and antioxidant capacity at total of three points with all trials

Trial T1 T2 T3 P
Reference
Interaction Effect size
Mean = SD Mean =SD MeanSD T1lvsT2 TlvsT3 T2vsT3 range
SOD (%) 1day 12.1£1.6 13.0£1.8 11.9*1.4 p<0.01 p<0.01
3days 12.0£2.2 12.1+1.8 11.8%£1.6 p<0.01 b0_403 6.4-12.8
Tdays 12.9%+0.7 115+1.1 12.1+0.6 p<0.05
TBARS (uM) lday 0.6+0.5 1.3%+1.0 0.9+0.6
3days 0.7x0.4 1.4%0.9 1.3+1.2 N.S °0.255 <25
Tdays 0.7+0.5 1.1+1.0 1.3+1.5

SOD superoxide dismutase; TBARS malondialdehyde. Magnitudes of ES were classified as “rivial (0—0.19), >small (0.20—0.49), “medium

(0.50-0.79) and %large (=0.80) effect size between time.
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Figure 9. Serum d-ROMs (U.CARR) of serum samples taken at T1, T2, T3 during 1day,

3days, 7days. *Significantly different from T1. Points are mean values, with error bars

representing SD.
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Figure 10. Serum BAP-test (uM) of serum samples taken at T1, T2, T3 during 1day,
3days, 7days. *Significantly different from T1. Points are mean values, with error bars

representing SD.
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LEZLN, SHBERICK 2RO ZCIIFRBRE TS o7z L HEFE I NS, Kz
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25, WL DD DETIIE T b BRI ERIC4T LS HCT fHAMEIN L 22\ & & 23 HERE &
T % (Karila et al., 2008).

AT BWT, RED 5% D2 JREIC X VLA P L APEMT 5 2 LRk
Nz, RFEBTFLRY) Vv I7IEFENRE LATHRICE T, AT 12 HRE DR
BARRMAR P LRI KIS HEICOWTHE 2{ToTw 5. ZORE, HEH 12 HAl
EHELEIEH CHILA P L A=A —THBRF 8- FuFxoTAHF 7/ vV

(8-OHAG) b v+ 7 4V Vil 0 E RN A 8% X #1172 (Yanagawa et al., 2010).
AW B CTHRATIISE & [FRRICMP DFRIL R F L X< — A — S E RIS L 72, 5%
IS D E OBHZHIRII A E L D EWv 12 HETH 228, EBRIGETMEEZ DS
LIR 7= R A v MZWEC IR v, $72, EEEORRICHIE T 2RI CORETH 5729
EFORMBEMESH I N Ty, KifFEClE, ENREOWELRL 5%ICkHE—L, 1

42



HICEY» X E 3 KELE—IcT 32 LT, B dEEalMC X3t L 20 s &

OWKIRREZ HUER L 72, AWFEORGIRIL, FED 5% D SRR TR A + L 2 2 H0

T A, FEMARIC X 22RO onEd o7, KED 5%DJEIL 7 HUAAOJE

W chnIL, WEMFEICP2D O FTHLZ P L AZENE €5 2 L3RRI NI,

AN, WK, BETER ML 274 EOBREBEER I X b L 2AHEMDFER & 7 % (King
et al., 2016). JHERZICEELA b L AL 22K & LT, WEBBIKIC X > TEK

AN EREZLNS. ARRICHEVT, WRFICWRFEEZIRE L k2 o722, 1%

AL DOWNREVEEGIR, v FAR, YV FR—YEREMNL TOEHIC X o TRE

D 5% DR AIER L Tz, S5 DIREGEIC X Y BKAE X 1, KNk & (TBW)

DERRBY D ole. KPR EOREPICI Y, AAF YV LB 70— ViR

EMET 32 LRITEKRED O TV AT v &5 (SIMPSON & TAIT, 1953).

T F AT 8 3 E I Na ORI % (€ X &, (kN D A Y 7 286 %2 {3 3 (Funder,
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B DY 27 ZEmd 5 2 LR & T % (Saarni et al., 2006) (Kroke et al., 2002).

Z W ZAREFEIREH 7 2 ) — F B ROERE 2R VR L ic X o T X & 2 L %

FL R WHDPITE T BHERA. A, TERGRIE, REE R EORIES LV

Z DT DBAROMEI S RE L L BN 5.

i

p={H1}
o

AL D HIIE, ZHARERSHRE T 2 ) — + OjfE O EEE X O H R ITT 7%

HBERHOLrIT52E (HWID), b CIHKED 5% 0 28l EIC X 2 Bk 2 EH# 1

HERFBSREIC RUT T B A AL I T2 2 L TH o7z, Z ORER, HARERSRE 72 Y

— MIRESHIIC SN U EOWEAZBZI > TnE3ELEBY, WEEZBI RS> TAY —F

THRREZ 3 EMtErm R 2 eI ns, £, KEDOK %L Lo

R IC X AKIE, BREZHE L WA TANRT e vzl L, BEHB D

ENCEDLDL TR P L ZAZEEME T2 2 EARBI N,

49



(&3 3R]

Alderman, B. L., Landers, D. M., Carlson, J., & Scott, J. R. (2004). Factors related to rapid
weight loss practices among International-style Wrestlers. Medicine and Science in Sports
and Exercise, 36(2), 249-252. https://doi.org/10.1249/01.MSS.0000113668.03443.66

Amado, J. A., Lépez-Espadas, F., Vazquez-Barquero, A., Salas, E., Riancho, J. A., Lépez-
Cordovilla, J. J., & Garcfa-Unzueta, M. T. (1995). Blood levels of cytokines in brain-dead
patients: Relationship with circulating hormones and acute-phase reactants. Metabolism,
44(6), 812-816. https://doi.org/10.1016/0026-0495(95)90198-1

Andrade, F. H., Reid, M. B., & Westerblad, H. (2001). Contractile response of skeletal muscle to
low peroxide concentrations: myofibrillar calcium sensitivity as a likely target for redox-
modulation. Federation of American Societies for Experimental Biology, 15(2), 309-311.
https://doi.org/10.1096/1;.00-0507fje

Armstrong, L. E., Soto, J. A., Hacker, F. T., Casa, D. J., Kavouras, S. A., & Maresh, C. M. (1998).
Urinary indices during dehydration, exercise, and rehydration. /nternational Journal of
Sport Nutrition, 8(4), 345-355. https://doi.org/10.1123/ijsn.8.4.345

Artioli, G. G., Gualano, B., Franchini, E., Scagliusi, F. B., Takesian, M., Fuchs, M., & Lancha, A.
H. (2010). Prevalence, magnitude, and methods of rapid weight loss among judo
competitors. Medicine and Science in Sports and Exercise, 42(3), 436-442.
https://doi.org/10.1249/MSS.0b013e3181ba8055

Barbas, 1., Fatouros, 1. G., Douroudos, I. I., Chatzinikolaou, A., Michailidis, Y., Draganidis, D.,
Taxildaris, K. (2011). Physiological and performance adaptations of elite Greco-Roman
wrestlers during a one-day tournament. European Journal of Applied Physiology, 111(7),
1421-1436. https://doi.org/10.1007/s00421-010-1761-7

BARTOK, C., SCHOELLER, D. A., CLARK, R. R, SULLIVAN, J. C., & LANDRY, G. L.

50



(2004). The Effect of Dehydration on Wrestling Minimum Weight Assessment. Medicine
& Science in Sports & Exercise, 36(1), 160-167.
https://doi.org/10.1249/01.MSS.0000106855.47276.CD

Bergstrom, J., & Hultman, E. (1972). Nutrition for maximal sports performance. The Journal of
the American Medical Association, 221(9), 999-1006.
https://doi.org/10.1001/jama.1972.03200220033009

Bloomer, R. J., Goldfarb, A. H., Wideman, L., McKenzie, M. J., & Consitt, L. A. (2005). Effects
of acute aerobic and anaerobic exercise on blood markers of oxidative stress. Journal of
Strength and Conditioning Research, 19(2), 276-285. https://doi.org/10.1519/14823.1

Brito, C. ]., Roas, A. F. C. M., Brito, 1. S. S., Marins, J. C. B., Cérdova, C., & Franchini, E.
(2012). Methods of body-mass reduction by combat sport athletes. International Journal of
Sport Nutrition and Exercise Metabolism, 22(2), 89-97.
https://doi.org/10.1123/ijsnem.22.2.89

Brito, C. J., Roas A, F. C. M., Brito I, S. S., Marins ], C. B., Cérdova, C., & Franchini, E. (2012).
Methods of body mass reduction by combat sport athletes. /nternational Journal of Sport
Nutrition and Exercise Metabolism, 22(2), 89-97.
http://www.ncbi.nlm.nih.gov/pubmed/22349031

Bunt, J. C., Lohman, T. G., & Boileau, R. A. (1989). Impact of total body water fluctuations on
estimation of body fat from body density. Medicine and Science in Sports and Exercise,
21(2), 96-100. https://doi.org/10.1249/00005768-198902000-00017

Burge, C. M., Carey, M. F., & Payne, W. R. (1993). Rowing performance, fluid balance, and
metabolic function following dehydration and rehydration. / Performance d’aviron,
equilibre des fluides et fonction metabolique apres deshydratation et rehydratation.

Medicine & Science in Sports & Exercise, 25(12), 1358-1364.

51



https://www.ncbi.nlm.nih.gov/pubmed/8107542

Charm, S. E., & Kurland, G. S. (1998). Effects of exercise and traingu Blood Rheology. Sports
Medicine, 26(5), 281-292. https://www.ncbi.nlm.nih.gov/pubmed/9858393

Choma, C. W., Sforzo, G. A., & Keller, B. A. (1998). Impact of rapid weight loss on cognitive
function in collegiate wrestlers. Medicine and Science in Sports and Exercise, 30(5), 746—
749. http://www.ncbi.nlm.nih.gov/pubmed/9588618

Clare, B. A., Conroy, R. S., & Spelman, K. (2009). The diuretic effect in human subjects of an
extract of taraxacum officinale folium over a single day. The Journal of Alternative and
Complementary Medicine, 15(8), 929-934. https://doi.org/10.1089/acm.2008.0152

De Souza, M. J., Nattiv, A., Joy, E., Misra, M., Williams, N. 1., Mallinson, R. J., Expert Panel.
(2014). 2014 Female Athlete Triad Coalition Consensus Statement on Treatment and
Return to Play of the Female Athlete Triad: 1st International Conference held in San
Francisco, California, May 2012 and 2nd International Conference held in Indianapolis,
Indiana, May 2013. British Journal of Sports Medicine, 48(4), 289-289.
https://doi.org/10.1136/bjsports-2013-093218

Dill, D B, and D L Costill. (1974). “Calculation of percentage changes in volumes of blood,
plasma, and red cells in dehydration.” JOURNAL OF APPLIED PHYSIOLOGY Printd in
U.S.-137(2).

Féraille, E., & Doucet, A. (2001). Sodium-potassium-adenosinetriphosphatase-dependent
sodium transport in the kidney: hormonal control. Physiological Reviews, 81(1), 345-418.
https://doi.org/10.1152/physrev.2001.81.1.345

Fishman, J., Boyar, R. M., & Hellman, L. (1975). Influence of body weight on estradiol
metabolism in young women. Journal of Clinical Endocrinology and Metabolism, 41(5),

989-991. https://doi.org/10.1210/jcem-41-5-989

52



Fitts, R. H. (1994). Cellular mechanisms of muscle fatigue. Physiological Reviews, 74(1), 49-94.
https://doi.org/10.1152/physrev.1994.74.1.49

Fleming, J., Sharman, M. J., Avery, N. G., Love, D. M., Gémez, A. L., Scheett, T. P., Volek, J. S.
(2003). Endurance capacity and high-intensity exercise performance responses to a high fat
diet. International Journal of Sport Nutrition and Exercise Metabolism, 13(4), 466—478.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/14967870

Fleming, S., & Costarelli, V. (2007). Nutrient intake and body composition in relation to making
weight in young male Taekwondo players. Nutrition and Food Science, 37(5), 358-366.
https://doi.org/10.1108/00346650710828389

Fogelholm, M. (1994, October). Effects of bodyweight reduction on sports performance. Sports
Medicine, 18(4), 249-267. https://doi.org/10.2165/00007256-199418040-00004

Franchini, E., Brito, C. J., & Artioli, G. G. (2012). Weight loss in combat sports: physiological,
psychological and performance effects. Journal of the International Society of Sports
Nutrition, A1), 52. https://doi.org/10.1186/1550-2783-9-52

Funder, J. W. (1998). Aldosterone Action: Fact, Failure and the Future. Clinical & Experimental
Pharmacology & Physiology, 25, S47-S50. https://doi.org/10.1111/j.1440-
1681.1998.tb02300.x

Garthe, 1., Raastad, T., Refsnes, P. E., Koivisto, A., & Sundgot-Borgen, J. (2011). Effect of two
different weight-loss rates on body composition and strength and power-related
performance in elite athletes. International Journal of Sport Nutrition and Exercise
Metabolism, 21(2), 97-104. https://doi.org/10.1123/ijsnem.21.2.97

Giannini Artioli, G., Gualano, B., Franchini, E., Scagliusi, F. B., Takesian, M., Fuchs, M., &
Lancha, A. H. (2010). Prevalence, magnitude, and methods of rapid weight loss among

judo competitors. Medicine and Science in Sports and Exercise, 42(3), 436—442.

53



https://doi.org/10.1249/MSS.0b013e3181ba8055

Greenhaff, P. L., Gleeson, M., & Maughan, R. J. (1988). Diet-induced metabolic acidosis and the
performance of high intensity exercise in man. European Journal of Applied Physiology and
Occupational Physiology, 57(5), 583-590. https://doi.org/10.1007/BF00418466

Halliwell, B. (1994). Free radicals, antioxidants, and human disease: Curiosity, cause, or
consequence? Lancet, 344(8924), 721-724. https://doi.org/10.1016/S0140-
6736(94)92211-X

Harman, D. (2006). Free radical theory of aging: An update - Increasing the functional life span.
In Annals of the New York Academy of Sciences, May 1067, 10-21.
https://doi.org/10.1196/annals.1354.003

Horswill, C A. (1992). Applied physiology of amateur wrestling. Sports Medicine (Auckland,
N.Z.), 14(2), 114-143. http://www.ncbi.nlm.nih.gov/pubmed/1509226

Horswill, Craig A. (1992). Applied Physiology of Amateur Wrestling. Sports Medicine: An
International Journal of Applied Medicine and Science in Sport and Exercise (Vol. 14).
https://doi.org/10.2165/00007256-199214020-00004

Hultman, E. (1967). Muscle Glycogen in Man Determined in Needle Biopsy Specimens Method
and normal values. Scandinavian Journal of Clinical and Laboratory Investigation, 19(3),
209-217. https://doi.org/10.3109/00365516709090628

Ichinose-Kuwahara, T., Inoue, Y., Iseki, Y., Hara, S., Ogura, Y., & Kondo, N. (2010). Sex
differences in the effects of physical training on sweat gland responses during a graded
exercise. Experimental Physiology, 95(10), 1026-1032.
https://doi.org/10.1113/expphysiol.2010.053710

Johnson, J. M., & Park, M. K. (1981). Effect of upright exercise on threshold for cutaneous

vasodilation and sweating. Journal of Applied Physiology: Respiratory, Environmental and

54



Exercise Physiology, 50(4), 814-818. https://doi.org/10.1152/jappl.1981.50.4.814

Joy, E., Kussman, A., & Nattiv, A. (2016). 2016 update on eating disorders in athletes: A
comprehensive narrative review with a focus on clinical assessment and management.
British Journal of Sports Medicine, 50(3), 154-162. https://doi.org/10.1136/bjsports-
2015-095735

Karila, T. A. M., Sarkkinen, P., Marttinen, M., Seppili, T., Mero, A., & Tallroth, K. (2008).
Rapid weight loss decreases serum testosterone. International Journal of Sports Medicine,
29(11), 872-877. https://doi.org/10.1055/5-2008-1038604

Keaney, J. F., Larson, M. G., Vasan, R. S., Wilson, P. W. F., Lipinska, 1., Corey, D., Benjamin, E.
J. (2003). Obesity and systemic oxidative stress: clinical correlates of oxidative stress in the
Framingham Study. Arteriosclerosis, Thrombosis, and Vascular Biology, 23(3), 434-439.
https://doi.org/10.1161/01.ATV.0000058402.34138.11

Keizer, H., Janssen, G. M., Menheere, P., & Kranenburg, G. (1989). Changes in basal plasma
testosterone, cortisol, and dehydroepiandrosterone sulfate in previously untrained males
and females preparing for a marathon. /nternational Journal of Sports Medicine, 10 Supp!
3(S 3), S139-45. https://doi.org/10.1055/5-2007-1024962

Khodaee, M., Olewinski, L., Shadgan, B., & Kiningham, R. R. (2015). Rapid weight loss in sports
with weight classes. Current Sports Medicine Reports, 14(6), 435-441.
https://doi.org/10.1249/JSR.0000000000000206

King, M. A., Clanton, T. L., & Laitano, O. (2016). Hyperthermia, dehydration, and osmotic
stress: unconventional sources of exercise-induced reactive oxygen species. Am J Physiol
Regul Integr Comp Physiol American Journal of Physiology -Regulatory, Integrative and
Comparative Physiology, 310, 105-114. https://doi.org/10.1152/ajpregu.00395.2015

Kiningham, R. B., & Gorenflo, D. W. (2001). Weight loss methods of high school wrestlers.

55



Medicine and Science in Sports and Exercise, 33(5), 810-813.
http://www.ncbi.nlm.nih.gov/pubmed/11323553

Kondo, E., Sagayama, H., Yamada, Y., Shiose, K., Osawa, T., Motonaga, K., Okamura, K. (2018).
Energy Deficit Required for Rapid Weight Loss in Elite Collegiate Wrestlers. Nutrients,
10(5), 536. https://doi.org/10.3390/nu10050536

Kondo, E., Shiose, K., Yamada, Y., Osawa, T., Sagayama, H., Motonaga, K., Okamura, K. (2019).
Effect of Thoracic Gas Volume Changes on Body Composition Assessed by Air
Displacement Plethysmography after Rapid Weight Loss and Regain in Elite Collegiate
Wrestlers. Sports, 7(2), 48. https://doi.org/10.3390/sports7020048

Koral, J., Dosseville, F. (2009). Combination of gradual and rapid weight loss: Effects on physical
performance and psychological state of elite judo athletes. Journal of Sports Sciences,
27(2), 115-120. https://doi.org/10.1080/02640410802413214

Kroke, A., Liese, A., Schulz, M., Bergmann, M., Klipstein-Grobusch, K., Hoffmann, K., &
Boeing, H. (2002). PAPER Recent weight changes and weight cycling as predictors of
subsequent two year weight change in a middle-aged cohort. International Journal of
Obesity, 26, 403-409. https://doi.org/10.1038=sj=1jo=0801920

Loucks, A. B., Thuma, J. R. (2003). Luteinizing hormone pulsatility is disrupted at a threshold of
energy availability in regularly menstruating women. Journal of Clinical Endocrinology and
Metabolism, 88(1), 297-311. https://doi.org/10.1210/jc.2002-020369

Malliaropoulos, N., Rachid, S., Korakakis, V., Fraser, S. A., Bikos, G., Maffulli, N., & Angioi, M.
(2017). Prevalence, techniques and knowledge of rapid weight loss amongst adult british
judo athletes: a questionnaire based study. Muscles, Ligaments and Tendons Journal, 7(3),
459-466. https://doi.org/10.11138/mltj/2017.7.3.459

Marquart, L. F., Sobal, J. (1994). Weight loss beliefs, practices and support systems for high

56



school wrestlers. Journal of Adolescent Health, 15(5), 410-415.
https://doi.org/10.1016/1054-139X(94)90266-6

Maughan, R. J., Shirreffs, S. M., & Leiper, J. B. (2007). Errors in the estimation of hydration
status from changes in body mass. Journal of Sports Sciences, 25(7), 797-804.
https://doi.org/10.1080/02640410600875143

McKenna, M. J., Medved, 1., Goodman, C. A., Brown, M. J., Bjorksten, A. R., Murphy, K. T.,
Gong, X. (2006). NV -acetylcysteine attenuates the decline in muscle Na * ,K * -pump
activity and delays fatigue during prolonged exercise in humans. 7The Journal of Physiology,
576(1), 279-288. https://doi.org/10.1113/jphysiol.2006.115352

Mendes, S. H., Tritto, A. C., Guilherme, J. P. L. F., Solis, M. Y., Vieira, D. E., Franchini, E.,
Artioli, G. G. (2013). Effect of rapid weight loss on performance in combat sport male
athletes: does adaptation to chronic weight cycling play a role? British Journal of Sports
Medicine, 47(18), 1155-1160. https://doi.org/10.1136/bjsports-2013-092689

Morgan, R. M., Patterson, M. J., Nimmo, M. A. (2004). Acute effects of dehydration on sweat
composition in men during prolonged exercise in the heat. Acta Physiologica Scandinavica,
182(1), 37-43. https://doi.org/10.1111/j.1365-201X.2004.01305.x

Mountjoy, M., Sundgot-Borgen, J., Burke, L., Carter, S., Constantini, N., Lebrun, C., Ljungqvist,
A. (2014). The IOC consensus statement: beyond the Female Athlete Triad-Relative
Energy Deficiency in Sport (RED-S). British Journal of Sports Medicine, 48(7), 491-497.
https://doi.org/10.1136/bjsports-2014-093502

Nattiv, A., Loucks, A. B., Manore, M. M., Sanborn, C. F., Sundgot-Borgen, J., & Warren, M. P.
(2007). The female athlete triad. Medicine and Science in Sports and Exercise, 39(10),
1867-1882. https://doi.org/10.1249/mss.0b013e318149f111

Nishimaki, M., Sakamoto, S. (2018). Effect of obesity-related gene polymorphisms on weight

57



loss of female wrestlers. Archives of Budo, Vol. 14, 97-103.
http://archbudo.com/view/abstract/id/11935

Norsk, P., Stadeager, C., Johansen, L. B., Warberg, ]., Bie, P., Foldager, N., & Christensen, N. J.
(1993). Volume-homeostatic mechanisms in humans during a 12-h posture change. Journal
of Applied Physiology, 75(1), 349-356. https://doi.org/10.1152/jappl.1993.75.1.349

Nybo, L., & Nielsen, B. (2001). Hyperthermia and central fatigue during prolonged exercise in
humans. Journal of Applied Physiology, 91(3), 1055-1060.
https://doi.org/10.1152/jappl.2001.91.3.1055

Ohono, H., Yamashita, H., Ookawara, T., Saitho, D., Wakabayashi, K., Taniguchi, N. (1992).
Training effects on concentrations of immunoreactive superoxide dismutase iso - enzymes
in human plasma. Acta Physiologica Scandinavica, 146(2), 291-292.
https://doi.org/10.1111/7.1748-1716.1992.tb09421.x

Oppliger, R. a, Steen, S. a N., & Scott, J. R. (2003). Weight loss practices of college wrestlers.
International Journal of Sport Nutrition and Exercise Metabolism, 13(1), 29-46.
https://doi.org/10.1123/ijsnem.13.1.29

Otis, C. L. (1992). Exercise-associated amenorrhea. Clinics in Sports Medicine, 11(2), 351-362.
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/1591791

Paik, I. Y., Jeong, M. H,, Jin, H. E., Kim, Y. II, Suh, A. R, Cho, S. Y., Suh, S. H. (2009). Fluid
replacement following dehydration reduces oxidative stress during recovery. Biochemical
and Biophysical Research Communications, 383(1), 103-107.
https://doi.org/10.1016/j.bbrc.2009.03.135

Pallarés, J. G., Martinez-Abelldn, A., Lépez-Gullén, J. M., Mordan-Navarro, R., De la Cruz-
Sanchez, E., & Mora-Rodriguez, R. (2016). Muscle contraction velocity, strength and

power output changes following different degrees of hypohydration in competitive olympic

58



combat sports. Journal of the International Society of Sports Nutrition, 13(10).
https://doi.org/10.1186/s12970-016-0121-3

Pettersson, S., & Berg, C. M. (2014). Hydration status in elite wrestlers, judokas, boxers,and
taekwondo athletes on competition day. /nternational Journal of Sport Nutrition and
Exercise Metabolism, 24(3), 267-275. https://doi.org/10.1123/ijsnem.2013-0100

Popowski, L. a., Oppliger, R. a., Lambert, G. P., Johnson, R. F., Johnson, A. K. I. M., & Gisolfj,
C. V. (2001). Blood and urinary measures of hydration status during progressive acute
dehydration. Med Sci Sports Exerc, 33(5), 747-753. https://doi.org/10.1097/00005768-
200105000-00011

Pross, N., Demazieres, A., Girard, N., Barnouin, R., Santoro, F., Chevillotte, E., Le Bellego, L.
(2013). Influence of progressive fluid restriction on mood and physiological markers of
dehydration in women. The British Journal of Nutrition, 1092), 313-321.
https://doi.org/10.1017/S0007114512001080

Reale, R., Cox, G. R,, Slater, G., & Burke, L. M. (2016). Regain in body mass after weigh-in is
linked to success in real life judo competition, International Journal of Sports and exercise
metabolism, 26(6),525-530. https://doi.org/10.1123/ijsnem.2015-0359

Reale, R., Slater, G., & Burke, L. M. (2017). Acute-weight-loss strategies for combat sports and
applications to olympic success. International Journal of Sports Physiology and
Performance, 12(2), 142-151. https://doi.org/10.1123/ijspp.2016-0211

Remick D, Chancellor K, Pederson J, et al. (1998). Hyperthermia and dehydration-related
deaths associated with intentional rapid weight loss in three collegiate wrestlers--North
Carolina, Wisconsin, and Michigan, November-December 1997. MMWR. Morbidity and
Mortality Weekly Report. https://doi.org/10.1001/jama.279.11.824

Saarni, S., Rissanen, A., Sarna, S., Koskenvuo, M., & Kaprio, J. (2006). Weight cycling of athletes

59



and subsequent weight gain in middleage. /nternational Journal of Obesity, 30, 1639-1644.
https://doi.org/10.1038/sj.ij0.0803325

Sawka, M. N., Cheuvront, S. N., & Carter, R. (2005). Human water needs. Nutrition Reviews,
63(6 Pt 2), S30-9. https://doi.org/10.1111/7.1753-4887.2005.tb00152.x

Sawyer, J. C., Wood, R. J., Davidson, P. W., Collins, S. M., Matthews, T. D., Gregory, S. M., &
Paolone, V. J. (2013). Effects of a short-term carbohydrate-restricted diet on strength and
power performance. Journal of Strength and Conditioning Research, 27(8), 2255-2262.
https://doi.org/10.1519/JSC.0b013e31827da314

Sen, C. K. (1995). Oxidants and antioxidants in exercise. J App/ Physiol, 79(3), 675-686.
Retrieved from http://jap.physiology.org.ez.wul.waseda.ac.jp/content/79/3/675.long

Shashoua, V. E., & Hesse, G. W. (1996). N-docosahexaenoyl, 3 hydroxytyramine: A
dopaminergic compound that penetrates the blood-brain barrier and suppresses appetite.
Life Sciences, 58(16), 1347-1357. https://doi.org/10.1016/0024-3205(96)00101-4

Shirreffs, S. M., Armstrong, L. E., & Cheuvront, S. N. (2004). Fluid and electrolyte needs for
preparation and recovery from training and competition. In Journal of Sports Sciences (Vol.
22, pp. 57-63). https://doi.org/10.1080/0264041031000140572

SIMPSON, S. A., & TAIT, J. F. (1953). The nature of the circulating hormones of the adrenal
cortex in man. Archives. Middlesex Hospital, 3(4), 209-218.
http://www.ncbi.nlm.nih.gov/pubmed/13093182

Steen, S. N., & Brownell, K. D. (1990). Patterns of weight loss and regain in wrestlers: has the
tradition changed? Medicine and Science in Sports and Exercise, 22(6), 762-768.
http://europepmc.org/abstract/med/2287253

Steen, S. N., & McKinney, S. (1986). Nutrition assessment of college wrestlers. Physician and

Sportsmedicine, 14(11), 100-116. https://doi.org/10.1080/00913847.1986.11709226

60



Tarnopolsky, M. A., Cipriano, N., Woodcroft, C., Pulkkinen, W. J., Robinson, D. C., Henderson,
J. M., & MacDougall, J. D. (1996). Effects of rapid weight loss and wrestling on muscle
glycogen concentration. Clinical Journal of Sport Medicine, 6(2), 78-84.
https://doi.org/10.1097/00042752-199604000-00003

Torstveit, M. K., & Sundgot-Borgen, J. (2005). The female athlete triad exists in both elite
athletes and controls. Medicine and Science in Sports and Exercise, 37(9), 1449-1459.
http://www.ncbi.nlm.nih.gov/pubmed/16177594

Weber, K. T., Sun, Y., Wodi, L. A., Munir, A., Jahangir, E., Ahokas, R. A., Warrington, K. J.
(2003). Toward a broader understanding of aldosterone in congestive heart failure. Journal
of the Renin-Angiotensin-Aldosterone System. 4(3), 155-163.
https://doi.org/10.3317/jraas.2003.024

Wroble, R. R., & Moxley, D. P. (1998). Acute weight gain and its relationship to success in high
school wrestlers. Medicine and Science in Sports and Exercise, 30(6), 949-951.
https://doi.org/10.1097/00005768-199806000-00026

Yanagawa, Y., Morimura, T., Tsunekawa, K., Seki, K., Ogiwara, T., Kotajima, N., Murakami, M.
(2010, January). Oxidative stress associated with rapid weight reduction decreases
circulating adiponectin concentrations. Endocrine Journal, 57(4), 339-345.
http://www.ncbi.nlm.nih.gov/pubmed/20179358

FHEFEF. (2009). ARBEAEER IS T 2 .08 EAINIG. Japanese Journal of Phychosom
Medicine, 49(11), 1163-1170.

REA X 20, PR ET, INEKET, AHET, ZUKERT, DT, & #IHEE. (2018).
Health Management for Female Athletes Ver.3.
https://www.jpnsport.go.jp/Portals/0/HMFAver3.pdf

PR, SEEAZE. (2019). NA N T 54—V ADHEDDLAY VI ATV AL Z— [

61



&=/ Voll, 1-2.
A IR —. (2018). Py FT R — I BT BATBRERUCHEHKOBEEEEZE. L

— =V 7R, 294), 295-303.

62



A

ARAALERSCIE, PREHARE R R — Y Bl AR BB OEED b LiTbh L

a{.,

AR ZZITS S, IR TE R ZIEE L ST HIC b2 T3E2HY £ L

7. LIV#EERLET

)

BIFE & L ORGSO BER 2P 5l &2 TL 72 & o ZRAH AR R — v B2l
Be MIHEM—80Z, SRREEIR, RENRRT 2L HERIR I E#H R L BT £ 5

ARWFFEIC I\ THIFERTHI D FE R 2> S WTIEZEAT, FCHMEIC R 5 T XTI e TiRE
20 LHERY NI ESEEGEANC S R L BT 5

AKFEEITICHY, HERD NICHITRZ £ LD 570 DREHEL 2 5kamIC BE R %
TR E S o ZHEEB S A IO & T 2IRATIEE O BRICO X D EHEL 3

BERY: MEBFGEEE, BN AR - YR ey 2 —  [IUTF RIS E 7% & ISR REK
EMIERICI, WEMTRICE T 2 EEREMH O Wik, 7 — X DR E cRE R CXiR%E
WhZEE L.

2012 4P, SRRHREHE LERERIGES L 22 REmA SR ITANTL 2T o7,
BRHKRFEL 2 v 78 KHGHFESE 21 Lo & 73 HAYEL R Y v 7 EBEGRE O
BRRICITRER# L TH Y 9.

ARFFICHREL LTIV EE L 22 TCORFOERO NPT CHELRT — X
RO TEFI L. COT—2%D L THERKOBRICITE LI RdDICTRL,
INPHLLBDHTENY T,

Kéra Yulia och Fari. Jag vill tacka er for allt ni har gjort och att ni alltid finns dér! Ni betyder
oerhort mycket for mig!

RRIC, D Z 2w o GiEL, i RSP LA TS NAREIC O, HEH L £
RKBICHYRE S TIE L.

20197 A PEfR Rk

63



	表紙
	目次＿0625
	西牧未央博論　全文_0628

