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RS v F—D=25 Y VIZhT7:
N— AHkHE B K OREEFHICHT 202 - i
T BEREE /D ME

(ZE]

XTIV TOREEXHIETHRS v —2/RI2EHEHE S 235 L 72 Breakthrough Running
Project7e % 77 —WTlE, RMBER—AZHHIIHEL, TOXR—AEZRAI— LT 4=y
Va2 FTHEFET 2 R=AMIER 7)) 2= v a—F 4 7 ERLE LRSI AR L. R
9/ — i, TR VF =R L 22D X ) HR— AR KRB WRT 720, 1
ZONERT v F — %t 80, ML R 1250 { _— 2 O3 5E, ALY § 5~ —
ATR TV Y RESTZBEOOHE, MAFABREOZILOWE, S5, FVa—rra—74
VBT AREERURNOREB L7 a—=rru—571 Y 72X 2 5RO ZLO &
BATo7z. F72, IV VEHRBOMMES LT F 3 F—BiEHEZNEL, FOBhr5<TTY
& BRGSO & S L 7.

[¥—7—FK]

rva=rru—74rr M AERRE FURMCEERME O BRI A

TR

TRT ¥ F—Lid, BRI, OO Z BN v =y ZICY A, vFV v
REGEDT Y2 TARY VIBMT H—HKDT v F—%$ET. FELIE, MEXITY U TO
SEEEZHBTHRS v F =1L, oD ML —= v 7 %% K — ¥ 5 Breakthrough Running
Project7e £ 77 —¥ %ML 7z (TS 2024a). L ~Nv GEERH) CHDHLLT, TV
VBT mERNR— AR, A= T7 42y Y2 FTEONR—A (GEHE) ZHER
T2 [A=7VR] THHLEINTWE BHES 2019). T/, TRI VY F—Illo>TOREL
N— A%, EEREASFLREEEREICAHYL T 2 ERHETHL LI TwDE (JLH 2004,
2007). FLEEVEVESERMEICAHI Y 3 2 BB REE 1L, — MR KIE RIBEUE DO50~70% (2HH4 L,
FOBOLNEIZBE L #100~140bpm & & 5 (JVH 2004, 2007). F 72, FLEEME/ESERIHEICAHH
W3 2 EETREE, EBINICIE [ALEDW] LELZ—KHT, 7TRLFY V5oL -
T[] LU bEEEETHS (JUH 2004, 2007). % 2T, Breakthrough Running
Project72 ¥ 77 —WTlX, HEDO T v =¥ 7RIl T L7-EREE, OB X 0FES
RIS RO E, TNETNOSKRBICRELRR—AZHEL, TOR—AZLAI— I NHT 4
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HRT v F—D< 5V VTS 72— A B & OSRESFICBIS B 05% - Ay (T9 - K

=y VA FTHRFT IR ABELIRE L. ETCOREPEYLR—A 2T L [1—T
] OR— 2 ZRA LR, @En~T Y ek, ¥/, Breakthrough Running
Project72¥ 77 —HTix, KNIZE W E D7) a—r v e s007)a—-rra—
FA v TRERL, TOAKNLEEERR L. ETOKERTY A= rua—71 v X%
BLCW/AZehrs, ZVa—Frru—74 739V YEkEIHGELZEEZONS.
Breakthrough Running Project72F 75—V D RIS, ZELZHEIIYI VY v 2ELTRT
Y= LT, #MEER—AO®RE, =Ty MOX-XigkNE, r)a-—rra—74 7%
HIRFT L EDRTEXL7259. LaL, Breakthrough Running Project7=% 75 —¥ T, &%
W — A DOFGE & M FLRIRE Cld % < GEMEE, LIl X R IES) R 12 oW TT -
7o 7o, WBELEN—AEMFREL T TV ¥ EE o ZBRO M LERRE R OB DO ZELIZ DWW T
&, MBI X BMRE bRz, ) a=Frrya—74 Y ZICEL T, BRNAhdx i
AL72b00, AmoOERIIXEEHICRR, ERICEEN-ENORELZITb R, o7 £
7o, Z)a=rra—74 I HHE, KRR, BRIEDIRE L Vo 22 S ERMBOZIZD
WThH, MBICE2MREITTb R0l ZITARIIE, — FTlE, TRS Vv F—TdhLHEEE
BHERE L 20, MR FLBIEEE IO R— 2D %E, LBEIEERMEICHY T 5 R— AT
7V YRk BEOLHEE X IR ARREOZLOWE, ) a—rru—74 7B
LRBEIURRORAEB L 7Y a—rra—71 ¥ 728D SARHUEOZLoE %17 - 72,
ZNOSOWEB L CRELLMHON LRI, BEXHEICI IV VARKIBMTH RS ¥
T WY R R—ADERE, =T Y HMOR-A\HLE I I VY VEIOZ) a—7 v
O—74 7O L DEE-2 301035 2 &SN 5.

MepZEEEICE D X— XDHRE

ML=V 7B THEASINMPABRBEEORESL LT, FLBEMEEEM (Lactate
Threshold: LT) & IfitHhFLEEEFEBAA S (Onset of Blood Lactate Accumulation: OBLA) 23%817
L. LT Lid, EEREEZWIENICEDEC, P ARIREO MMz BlIE s 5%
BREDOZ L TH L. LTHOMPFLEREE1220~3.0mmol/LEETH S (JLH 2004, 2007)
s, IMPFLERREED2.0mmol/L & 7 % BB L [ FLERIR B DS & D b DS
AWARMIMIBIREI N VERRE] L LTEAIMICHWSN TS (2] 2020). 20 L9 %
BRI, BREIIX LT BRI ZZASLT Riwi O EE)REE | Th %A%, AWFE/ — F TIEEHE LTLT
s LIPS, —7, OBLA &M FLEER EA%4.0mmol/L & % 2 EEIBEDNZ L TH Y, ~
TV Y OBHRF-OR—=ZIZOBLAIZIHE W E ShTwd (JUH 2004, 2007). — OIS ¥ F—
MHOBLAIZEWR=ATY IV V2R ETAHI L 3REETH Y, LTHREICHYSYT 2 X—A %%
ET 5 EDBHERIN TS NH 2004, 2007). 22T, HRI ¥ F—1% 6BHE 7V
XTIV YOHCNR MY A L 3IRH567727H) W RICHIR A — 7 7 A F &7\, T OFERIC



TR Y F—0D< TV VIR — RiRE B L RIS T 5% - i (T4 - /)

HEOWTLTHEICHETEL—AR=R (R TV UV EELBICHE L T EHERE) ZiE L.
BERZIC DLy F IV (TKKI1245, Priptestt®l) LT v =r 7 & ibe, LEHEZBER
PN HE I S & CEBY R 2 WS E O, BEERE ORI ) M A RRRE S X WA O%
ILEMET LA —T T A M2 FEM LT, RODAT— Y OEREZT705 /km (8.6km/h) &
L, ZORIGEREZ05% /km 3T OHIMXE, 405 /km (150km/h) ZHREA T — 3 OEHRE
L7z BODOAT—YOEMHEMZI0, TOHRDOAT—VOEFKEMZ 35 L, AT—Y
W2 2 ORI Z R 72, FAT—VBEOLAE 5 v = 77+ v F (ForeAthlete 235],
GARMIN A8 (2R X N2 e aEHS X o THIE L, 20, i % M FLER N € 2% (Lactate
Pro2, ARKRAY#:#) Z MW CHARIREOWEZITo 7. &b, MHALRREEONE I,
FIROERD S OFME &, FPEISHAL RS (REHEE) HEICX > TEBS L.
ZFOYEIBRIAMA—TTF A Me~T Y M4H (10H29H) © 1+ HAT (9 A22H), 28w (10
H12H), EHi (10H23H) ® 304772 (K1), Ifi-FLEREEEA2.0mmol/L & 7% % LT D
X, TV U1y AR5 008 /km, 2 EBEETAY5 5128 /km, HERiAS5 45188 /km
Thot. Tz, MAIBEEH20mmol/LE%L2EEDOLMKIE, ~5V 1+ ARid
142bpm, 2 HEBBIAS137bpm, BEHIAS123bpm Th - 72, M FLEEEEA4.0mmol/L & 7 5
OBLA®OEMEX, ~FV v 17 A4 5178 /km, 2 BEFTAS4 5158 /km, ERI2S4 5
18 /kmTh -7z, F7, OBLAICBIT 2.0, ~F Y ¥ 1 » HHi»s159bpm, 2 M A
155bpm, HEHFIA151bpm Th o7z, TNHDORENS, TORBREICL > TLTHRE (2w
LT R OE) 1[CHNLT % 65000 /kmE~F ) VDL —AR=Z L LTikE L.

LTEBEDN—ZXTY IV > &E-S BOOCHEES JUCMPIEBEENE

HRI vF—1% W6mHEME, 7V~<5Y Y OHCNRA N A L 3EM565278) A%, LT
BREEICAY 2 R— A THEIE~ TV »2023% & o 72 B0 08 ds X OV R FLER R E A il 2 L 7z
(K2). WHEEs =2+ vF (ForeAthlete 235], GARMIN #E&) (Z##K S hiz e
FOHEI AT L, 1km T8 OFHLMBE RS-, M FLERIRE L, Wy L2
Wil (GEHEE) B A2 B IMP AL E4F (Lactate Pro2, ARKRAY ##) ZHwT
DkmFTHOSkM T EBLV42195kmD 7 4 =y T2 @BRICHE L. &8, 40km ¥ TOR—
ZVXLTHRE (6470080 /km) & L7225, 40km PRI B2 BR ) s R— XA T - 72,

40km F TONR— 21550538 /km =118 /km TH V), 1FIFHE@EY DX—Z (657008 /
km) THho7:. 25km T TOLHEIZ120+ 4bpm TH Y, HAMH — 77 X b A SR M
MBI EA20mmol/L & 7 5 & ED.LH1E (123bpm) EMEEDETH -72. —J5, 26km PLFEIX
DAABDME 2 I 2RSS SN =TV YD & D REMMICH 72 2 E8) T3, Rl —
A% MEFFLCEATL T2 LT, EENHE ) B4 X 2 3ERRO FA-B X OBk RE
T, —EHBE DR & aB o (Cardiovascular drift) 234 U % (EE S 2019). X - T,
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26km LRI B S 7= 08 oMite &, Cardiovascular driftiC & 23 D THo7mbEZ 65N 5.
FERAE B 58 1326 ke DA L 22080 80SaE LTB Y, 30kmMAEDS LTHMETD S &
VTP [RREDV] LIEUB L) Ik

WHEZRRR Y - 7241 km B & U42km DR — 2 1%, FNZFN 45308 /km, 4 53228 /km
Tho7:. 1kmB X P42km OLHEKIZENZEN160bpm, 166bpm TH ), A —7 7 A b
M HRDIZOBLA BI04 (151bpm) & D dEWEEZ R L7, Gellish & (2007) 25HELE
T2 KOO P [=2069— (067 )] 1240 &, 465K DIk KO1%13176 bpm
5. XoT, 41kmPB L U42km OLAEII R K OHAK DO Z I 21194.3%, 954% 1A L,
WEELRR D W= 2 TS 240km DIEIX, COHRS v F =1l o THWREDER TH >
EEZLNS.

MR AL 1X30km F T2.0mmol/L ki (1.6+0.2mmol/L) T® - 7243, 35km T2.0mmol/
L&7%D, 40kmTlE22mmol/L &% o7z, ZD L) RAEREHNS, 40km T TOEEFRE X, [0
LIRSS ZERF X D D VDS, A B INIBIE S R VIEERE | T B LT REEICH Y
LCTWwWtE2 005, MPFLEREE L, EHICX > THTES I RIc <L 28 (E
Ad) EIMAME2 S TH TR INLE (FIHE, BRER) OETHRES UNH 2004,
2007). LT & 13EBY i 2 i 1012 8 0 T o 7B I R LRI B2 2SS s B N3 % SE B ©
HHI LS, LT X0 m0lBRE ClaflBom AR oMM s Ens. 20 %9 2R
MER2Z0L, EBHOFERTANF—EDEOMICEDLL7:DTH L. LBIPEIM I
TIANF—Z BB THELLD, B2 0MT 28R TIIAELEZY. 20, LTI EW
BERE T, EBOELT AT —FHMEL ), ABOEAESABOFHEL L2 &
Wb, BRI Va—2 (TR PEF o7 a—r v e LTHRFRIC RS Tws
B, ZOFMEIZZ L v, Z) a—=7 Y OlFEEIXHICE X Z£1500kcal, HFiEICE X2
500kcal Tdh v, WO krEE (B £ Z200000kcal) (2T (JNH 2004, 2007). < 5
V2T [30km OkE | EIFIZNZ30km LEDOR—ZADIETIX, 7V a—47 > okigh—RHE %>
Twa (J\H 2004, 2007). £2°CT, AL THEL D7) a =7 Y 2 HANICERLZRETY 7
VUYMHERZ Z720, =77 VRNCEHEINCEEEEZENL, EHOANVTF—J{TH S
VA= R ERNCERT L) a—rru—F1 Y IrPM Tbhs. T2, IBREO R WHEE
TELREFEDLT, WHEOLWENZELRI AN —RE L TELILENYT Y yORERE
DL, TR v F—IELTHREICHY T2 N— A2 MR L TS Z LRI TS

OkmPST 4=y Y2 FTHRERRY HENR— A TE- R, 42.195km 527EE B O [
FLMRHIEIZ5 1 mmol/L & % 1), 40km LAREOMT R IZOBLAZH R 2 b DTHho72eE 2 b
L. ARIHER DR INTIZANT -2 B8 TELIZMWEATHL I Enn, 7)) a—=7r v
Wiie 3 % & LA I NG %5, A0km M COMPILERREE (22mmol/L) 2XZDHDE
BEDZ =Y 7 X 5 Thlmmol/L FTHIML 7229 S 213, ABIZEDOHERF 1340 km H 3



TR Y F—0D< TV VIR — RiRE B L RIS T 5% - i (T4 - /)

T A= UPHBLTE5Y, )V a—rr i VF - LTEORBRDEBREDT v =
YT RAToTWIEEZONS., AOkmME T ) I—=F UL TCWhro 2 BERE LT,
Y A= ra—74 Y7 E o TERNOZY) a—=7 yollyaz e L Tnw/iz2 b, HTidk
CIEDPERIANT—JHERDLTHREOR—A MR L TEo7/22 L, EHICLV—AHICT
AINF—B) =RZAR=Y FY) U 7I2E s THEZHifR L T2 b (fRd) BBFoN5.

X 313~ 7 v 2023 (10H29H) 2z, ~7 vV %17 HEr (9 H24H) 1475 72—
725V (21.0975km) OFFHEBLI~T Y R 2 MNE (10H14H) 12475 7230km O Hfi
BHECIBIL5kmITEDOR—R, LR, MHARREZRLZDOTHS. MEEICBITS
N—2 B LTEEICHE T 2 6 0008 /km IZFE L72A, EBEOXR—ZAZIN—T3 TV OHH
A5 47538 /km = 5 /km, 30km O#EEDS 551 /km £ 58 /kmTho72. N—7<
7V yBLU30km OFEED L (ZEN127% 6bpm, 119+ 1bpm) E~¥TF7YV Y ®
25km £ CTOLIE (120 4bpm) EHBLAfEZRL, TV Y D26kmURICH SN2 X9
OO (Cardiovascular drift) ZR SN G o7. N—T7< TV L OREED LA FLEE
REE1Z21£03mmol/L T 1, 20km H A TOREM (25mmol/L) DA20mmol/L %8 2 % fif
ThHo7z. —J, 0kmOHEEOMAPFLEREEIZ16+02mmol/L TH Y, 20mmol/LZHEZ 5
HIXARON G o7z, N=73TF7V yBEP0km OB EIX, TV VYORFIZETZL—
MR Thbn . 2, ERHOMERIIAETITONZD, FBERELOBIZIIEIREL
THREZR -7z, 2O L), N—T7<%FY U BIU30km OMFLEIE~ TV VY ARF LI LR L
M T CEMIN/AA, LTEEITH YT 2 R— A 2 #iHE L CREMEZ BT L2 E0 LI
RIMAALIRREEIZY T Y > (L—R) LEMOEZRT 2 & 2RI 7.

Jya—-FrO—-5F 4 7l H 1 BREBEBURROAE

yiya—=rra—54vrkid, BARAR=YOL— A - SERETICETm 9 g A E EER
L, EOZANVF—ETHL 7Y a—7 U2 ENICERL, 7+ —~< A E2H) FHiET
H5H (LA 2023). WMD) a—rra—741 27 TiL, BHCkoTHZYa—-FrrE%
WA X, TOEEE 3 HEIZERGEZEBLTCHZY a—7 U 2khiE LzIREZ L, 2
D% 3 HMEMHEAZENT 2 ETHZY =7 Y288 L 0 b EvKECEE - ¥ (27
Ja—4rEE) S5 (FFH 2017). UL, EBEIEIC3 HEERT 28R EICE > TF
Wie EOFERDH D L B3 % o727, BREORDL D ICEBEBEZENT 2HRED 7Y
A= ru—74 YIPREREIN, Uo7 ) a-rru—74 Y7 ERBEO ) a7y
HAEAIEZ 2 Z LB LNICh>TwD (FH 2017). FEHHIE, SEEZHEIIIT Y VICB
M3 A2HRS v+ =2 <, ROy a—rruo—574 7L LTERTL~I Y Vi 3
HEO&S, vV YAIHOYE, 7V UHOWE, ~F7V Y AY = iBIT~YT Y v
DRBHEEICHT DI_E2ITo72 (THDS 2024a). ZNOZBIEL, TROIHIITT LD
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O~V EI3HMOES

PE T AL F = (BT AL F -4 5D 2 EHED T3V F—DEE) 2570%FE
FEOoEEREZHENT 5. &b, BHAROZ A VX -1, #EP 1gh7) 4kcal DT
AINF—@E2FOLOL LT, HRLAMHEOER (g) 1[C4kecal/g xR U THMT 2 (5F
H 2017).

FEZMPL, FEORMERLHMIERL TREHROZANVF—FZ2HOT I LT,
PmE (B T AV F—50~60%) T ANVF—imaEb bVt as L, Kk
OHM%E; <.

RE 1kg %720 10~12gOFE % 1 HTHEINT 5. KE60kg DB E, 600~720g DFEE
Z1HTENT 21245, KB (150g) OFKOBEII519gTHDH I Ehb,
FHARDOATE00~720g DFEFE 2T 2554, 1 HTHABII2~14MFD K E B2 LEN

5.
PEHEZZANF—IZEZLDBICLELRE Y I VBIFEERAEN (Kb WA L) OEL
EEHELT.

TR ORI K 1X70~80% % 5D 2 KG %R L AEETH S (FH 2017) 2 &
Mo, BRGREEHERET 5720, AE 1kg%72020g072AE EE 1 HTERT % (F—
< A5 2017).
FRE T AN F = (R ANVF—2RCEODFEHRO AT —DHEE) H720% %
THRISRWEHICT S, &b, BEHKROZANVF—1L, BEW1gH72) 9Okcal DT A
V¥—greRoL L, HNLHEOHERE (g) 1IZ9kecal/gZFLTRDO S (SFH 2017).
MAPLARHENZEDLEY I VR IATUNPEELANZERICE 5.
HEWMEDEE R A RS, REERZ Lo BIL, Bo#T (@) 2425,
@ <9V UHHOA &
FENEZL, AL GCEEIDRVIITEICT 5.
L7 IVRIATUPEELEFICTS.
RIVVBHICHTADRERERERI SBVENICT L7720, EWBHEOEBNZER 5.
BEHHEDO) R 7B LHELD (HHhE) 2E R0V
2% I FRBERHEDE L ELLD (ICAKRHET 24 G0, h 724 V%
LT F T =N v oY) ZEIL %W,
B~V ryYHoMA
A% — b 3T E TIHLD BV i & (D7 < & BRI 1 kg %720 15~2.0g D)
ZEIT S (=<5 2017).
T, B3R ORISR RWERZERENLT LV
A% — b 3WMEE TS ORERENE N o 2E, A5 — b 2EEHETE TSI



TR Y F—0D< TV VIR — RiRE B L RIS T 5% - i (T4 - /)

B, BREZERE BERZLOBIZED, b, JLA, NIV —Z2Bo TR WVWAEIY,
O—WRY, HAFEA, 1PAS, WATIRE) #E5.

@ %IV VAY— MBI~ TV Y HOKERG
A& — 1 REHEBNIHEE 2 HI L 7206, TINO B WHEE (N, R92100% ¥ 2 — A
IANF—EY =25 L) #PEL 5.
WEOLEEPUI L > TA VA ) YHSEFNHW S NZIRECEB 2 MG S 5 &, REE
B—BEICTFAR->TLE) (A Y A) ¥ ay 2z, WEFESMEEMRE) (GFH 2017). 2
D& BBREE 720, A% — MERT (30~45511) ORFEEIEI340g F TR 5.
*TVVOHPEIE IR S22030~60g, 5V rOFFEIE 1 Y20 60~90g OREY
(F==Z5 2017) ZTANVF—EY —=RAR=Y FY Uy 7I12L->THHRT 5.

FRo® 5V VHEISHMOESHE, @ IV VATHOAEBLUG IV VY HOHAILZ
HEoWT, TR VF— 1% UeEBEME, 7V<YS VY OHORA M7 A L 3EERI56%5275)
BRIV YIHAMPLRY IV YYHOMEE T a—rru—74 v 7 ELE (F1).
B, rya—rru—74 7EHPOREFEIIEREHIDIEL, HERAAR— U RES
RABAR—=Y RBLDBZOFE RO L, EEIT, TOEICHES W THES B & 05K
Wi BEHEHEZIE L. SEFOWEI AV —HIZBIZ70%THY), EMWEAL %> T
Wiz (E2). Ko ES (BREB X Z60kg) @ 1 H Y70 OB EBGERE R 1X600~720 g
THho72h, TV VRO 3HMICBTS 1 HY7: ) OFFEEIGE X2 0HREOHPANTH -
7o, F72, w9V VHBHOMAETEIA R EOUREIkgH72015~20gOME NI 52 &
AHEIE SN TV 72As, AFFEOWERF 1IAE 1 kg472035g (=209g / 60kg) DO ZEEL
TWiz., ZNODOMRNS, RUIEOWEENERL /2277 a—Frru—74 ¥ 7%, FEER
DHEIRREZMW LTV EER 5.

rya—=sru—74 y7HEPO 1 HY2) oS AV F -7, $4000kcal TH - 7=
(%2). =7V VRTRBRICAMEORFLED 1 HH72) OB AV F—2 Rk L7225,
2020kcal TH V), —HEIBRBEAD 1 HH72 ) OB £V F—TDH %1800~2800kcal (IS
2007) O#HPHNTH 7. L L, KBZEORBRE L, ~F7 v Eio1»HH (9 H22H~10H
21H) 122456 km DT v =¥ F 2 fTo Tz Z &b, —BIBKRATIE R, AR=YEFIC
HEAE XN 5 2500~4500keal (TS 2007) DT ANVF—Z2HBT 2 LEN D72 EZZ N5,
F 7z, BRIBIAIRE x 28520 O AECHE 2 I U, AEMCHE < FA R B o % #E o &1k
WE L~V (=250) 25 1 HOWEZAVF—%2HET 5 HE (HOS 2007) 12k, K
PRI R T AB6.1 kg Tdh o AR REOWRZL DT > =V F 2T 720 1 HOWP{ T AL F—1
3997kcal LHEE E NS, Ko T, RUIEOHEEE O HEHOBENZ AN F—1L, HEWMDOTF > F—
WCRBELREN T ANVF =2z LTz B2 06N5. /2, KRBT E 27 a—7
yu—7 4 v 7RO ARG, PBREOHEHOBNZ ALY —a 42 ZEET, KERIHE
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DWTIRE EN7225, #4000keal &) BEH O ) — 1346 ROISHB IO S v F—1cnBEE X
NLZBMTANVF—RB R LTV EZ 5N, RFEOBERE I FICH KD S RH %
LCW7e2s, BIETESHAITAZ ELRBEHEOBIGRE LTz (£1). HAFATHRICER
TEL OREZR GG, WHOGHBRNE WD, FET RNV X—170% %327 a—ry
=54 Y LERTHE. T2, IS 0nTNrenb TV Y ARV R EDET IS
A, BWENRHAZOHRFT, BRI, HPATIREDMWHIANF-HT0% ZW-L, 7
Va—=rru—74 Y LERMNTHD. —J, V=28 vReFaal—Ny, BhE
(BTE), W=7 =AU EIHEEZ L &80, BELIZ G020, BHEI A LI —Hs
70%% TR, ZY)a—=rra—74 Y ZI3E I 2 VWERTH L. HERBIT SR WHR S v ) —
BTV aA—=rra—74 2 7)) B, BEPD G CEPEE REFSVRMETF, £/
BEAATITOL) BEHETZEHEEIEH T2 LM TE .

TREIIAREZEIMSE, T+ =<V AZKT IS 20 F#ES R TH L7720, £LD
TR v — 2 REENEZEZ 280 H 5 e E2 0605, LarLl, IBREENOHRIZE > TE
HOLEKMEPWH-TLE) &, Rk sy Iy (¥¥ I VA, D, E, K) RLHERNE (B
n-3RMENIIE) 7% &Mk A4 R REZOBINEDBA LEBEIC RS (b—=<A D5 2017). KHFFEOH
B, IBEEZREMNBLONN 7+ —< 2K TE2FI&RI Y [EBH] L LTz, BEOE
PHEIZOWTIZHFRICHR L TWiah oz, 200, Bituna—2rn 2R IRT5%E
TREEINETE L2282 Tz (1), 72, SREERKLZZY) a—-rra—F41 ¥ 7T,
FHOATY) —RRFEEHSOMAELZ LY IEEICT 2720, TEL2F 70 =R KBRS HER
ENTVLMTAEMRZFENT 2 X007z 20720, BKRIEERRHEOLOTERL, MTE
ROT—ZANLZRIRL 72, O—ANLIEHBEETICHEINTE 52720, Koo —2HD X )
ZFHBINZPE D WHIE DA 2 Do 72, E OFER, IEE T 4 )V F — 1A% 20% % Tl % ZFHEHH & % -
TLEW, M=V ZT)BORBYLRKENT VAR I Bolz. 22T, BFITY
FI7L—=2%BML, HICETEN2MERTTICERT 2L L (F2). RE MEH]
DA A —=THERNDS, JREBIORIBRIC X B IREEE 5 I v R LARDIRR & & OEIE ORD %
7z, Z7ya—rra—74 y7HHICRS S, HEHOBFHPSIEH = AL F—HA20% %
THSZ2WE I FEETHLEND L.

BRGRZMFET 720, AE1kgX%72020g072AEK 2B LRI TE
D (b=<25 2017), RIFEOWERE (KEBXZ60kg) X1 HYE20120g072AEL E%
BN 2 VERH o7z, ~TFV O3 HAT, 2HEL AIHO 1 HEZ) O72AE L BEIREIZZ
NZEN123g, 124g, 132gTH Y, IR IR ZMAZL Tz (F2)., 518, AL
Hlgdh/zh O ANV F—8E% 4kecal (FFH 2017) & L THAECHHROZ ANV T —ZHH L,
BRI ANVF—EHRICED B2 A EHEDO T ANV F—DE G (ZAFSETAVE 1) %
Kbzl ZhH, %7V D3 HAEIH2.6%, 2 HATA124%, FIHD13.6% THo72. THARAD
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ARERUERE (2025400 | IR EINZZ2ZAEE AV F—o HEE1313~20% TH 5 Z &
Mo, 7V Vi3 HHOZAXCEZANF - HIFAEEO FRIGEWETH 72, 7)) a—
roa—74 v 7O BEREIEE ANV F LSRN0, KFROBBED L 512, A
CHOBMEIHERE 2L TVTYH, RAEKEI AN - HEEO TRISEL &b 2
ENH L. RWFEOWERE O 72 AL EEBIYRIZ, FICEK, BB, vF7L—2, HAEA,
=NV I Thotz (1), T, ZAFKHEHOENEZHEL T2, MERT—ANLE AR
RTWwiz, 72AECEERGE2S~Y 7Y YO 3 Hil, 2HETE DD IV VHiHIZBW TS o7
BERELT, Y9V VHHOABICHELS DEVDOLOKEEZMA LI EBETONE. Thb
ODEMPLENENI0gB L PI3gD 72 AT A2 L 22858, 1 HY472) 07z AE BB
IO 2 HE LB L T~ IV VRIHICEL oz,

TVI=WIEFTIV I VAR=Y—ORBAZWHL, 773> (€% I YBl) OBI%E
WMAEED, €I VBUIMEZ ZA VT —ICEZ DBICLERRERTH L0, TIVa—
VOB L > TE Y I VBIOWIEME T 4L, ZYVa—-Frru—74 v 7I2E->THz
BN727) A= v E TSI TE R L kD, AREORERE S, HHBEZ17) BE1H D,
FEHRICT IV a—= V2B L Cwz, LaL, ThVa—u37)a—=rru—74 Y 72 RIET
BREEEZEL, r)a—rru—74 YRR TV a—-vERE TV a3 — VEREHTE
ez, TV VOENEYEZLIEELE (F1).

JUa—4rO0-—741 > TILf#ED BHRERDEL

yya—rru—74 v IHikOKE, BRRDERE RIERZE4IOR L KRS L O
BRI O PR IIARALEG (f ¥ F—=AF ¥ ¥ F27IVRD-800, ¥ =) Z v, REEK
WCHER - BMEZ TR T LA THIE R 7o 72, BRIBIEEIX, #AEx (1 — 4B 100)
VIO RERPSHEB L. BRGRHEIC Y - ratl g shs k, yya—rrk
226 ~27 g BEOKGHIFEEN D 720, ) a—rra—74 ¥ 7 &479) LAREDH
T2 (GFH 2017). RFEOHEEREDOKREIZ ) a—r v a—F 4 ¥ 7 Z MG L2880 S8
L (60.1kg — 613kg), ZVIa—4 ru—74 7 2HHOBRPNIS HIZWIML 7 (614kg).
L»L, ZVa—rru—74 7 3HHOBEY (w7 v Y HUHOH) 121k, KEH60.6ke £
TR LT, BREREZ ) a—=rva—7 1 Y ZRE»SHA L Thizh, <5
YV M HOFNZIZIRA LTz (56.7kg — 552kg). KRIBIHAE & 3gi DAt o#R% (75, &,
Jis - pkE, MK OEXITHY, TOHS0%DHERICHLT LI L0, HEOHEEL LTHY
5N5 (L)l 2014). ©F ), ARBFIEOHERL I, Hdwd LzRETY I v 4282 C
Wi kichs, —k, KRR a=rrva—7 1 v 7B LB, Y a—
rFou—74 72 AHOBEIRAL, FVa—rru—74 Y 73HEOHEH (w5 4
HoOM) 128l Cwiz, REFEORERE I, EHNE - 230714 2a =V 7OHNT, vV
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VIR E V7R B iE F IR R AT > Tw iz, RkgRIZZ) a—-rra—-574 07
2 HHO®H (39.0kg, KEI635%) 1T~ F YV Y YHOH (369kg, KEL61.0%) D
HEAEE R Lz, Fh, ZYa—=Fra—7 1y ZEBRIIOH BICB I 2 KK 5 81339.0
08kg (RHEH645£09%) TH Y, ¥~ 7V ¥ U HOPOKGEIZEDOFHE - 2 R % T -
Twiz, Zya—=rru—74 v 7 FEREI10H B O MK EAER AN ) EARE L 72%E,
&7 — 5 OF95% 2 ME £ 2 FERFADOHPANICEENS. Lo T, 7Y VY HOHO
ARG I S 2R L TBY, ZOERO—D L L TEEBICHE) ST RIEORKET] &
e LRSS E 2 b, IREGEHE, (KGR ERE L L EOHP M & TIEERD
"R d <, KpREMEZIZLA LT T RVIEIHRTIZRMCOW] d vy FEEZFH LT
M AZHEET A0 THL (WL IR 2020). X o T, RNOKGIER LD LR OE
ACREE RN & 2 IR O E 2179 &, EBEIV IFHEIPRdHABIONTLE Y
(InBody Japan, online). 2% 1), PBAIREE CITbNARIEEH X 5 MK OHEE TIX, #
wOIETDH 5 BRIRVIARELSE/DNGHE S, ERIRRSBREFFMME NS, LT, 71 a—
Fou—74 v Z3HHORY (w5 Y EHOWH) 1, BIEOLEHICE2BITORECHRE
AR L, HHEFHC X 2 IE#E % SRR OHEE DT O T W R o 2 W BEVED D 5.

YIVLICE->TEIERBI Sh5ERMEHANRE, HiEE

ZLDONRY IV VRAZHBACHBE SR Z 00, TR VF—2BaT 501, <5
VyOBHDKEE LSOO EWHRMEZREZ-F4FHZ L 20NERL 20w ETHS.
HEIZRBEEM2O I HSOWVWRBLTOALRIET 2R ITEREAHKWM (Delayed Onset
Muscle Soreness: DOMS) & I, HolePEH 2 £F 9 T X 2% (BRI HNED % v
M) oGICkRRT 20 ThHs (BIK 2017). 7 L7 F v ¥ - =i, mEho
HRGORETH L. 7 LT F v FF—BiHMHEIEHEG 25 &R 2 3SR E R 1 HRIZIZIE
LAY LS, EH4~5 HBICE—2713E L%, 10HEL SV TISER T OMICRE
% (¥ 2002). 22C, TR v F—1%4 @6EHEM, 7V Y OHCRA MY 441 3
BERI565278) X%, 5V VEIBROMEES LT F ¥ F F — i 2 R0 2
B (AKv b A EZ SP-4430, ARKRAY ##) ZHWTHEL, 7V Y IZEoTHlI&#ET
ENDMIEGEFELZ (K5). &k, MiEr L7 F 3 F—BiEtolleix, FiRoigR
PO ORIMEZ &, FHEICEAR L 7HRE (REER) BAVFERLL. ME7 LT 5 FF—
BiEIE, ~9 YV Y6 HEAS~I Y Y UHIZHT TS T 2EIES RSN, FOERE L
T, ¥V Y6 HMPSREHNE - a1 ary7HeE LT, kY —77 A SO
YUY TRITD RN TIEREZLND. TV Y6 HFNLY TV YMHETOMES L
TFYFRF—CiEMEME (277+30 IU/L) 2R#EL32L, vV VEHBIU2HEOMES
L7 F & — BIEHE IR EREHEOFYE + 2B EELZ B Tz, KL LT Y VHO
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M%7 V7T v %+ — BIHHHESIEBD M) e, &7 — 5 ORI5% NI = 2 B 2
OHEHPANICEEIND., XoT, vIVYEABIO2HBEOMEZ LT T ¥ & F — Cihtk i3
WK E RN L AT I EDTE, IV VICEAHEHBE~T Y Y BHICAL, w59V
2HBICE—2IZE LR, TV Y 3HRBIZRER I Y VRIDEILRE-7:F 2615, 20k
IR TV VHROHEESBREELR DL OT, RBMFERL 2228 KE LT, LTHEONR—A
PHRLCY Iy v RESZE, B MICE-S>TY I Y YR == 72 7o T/
CENRBFSND. E L7zmY, BRE1340km F T 6 45008 /km &) LTI ICHINS T 5
NR=2 %ML T2 WHERIR D # o 7241 ~42km DR — ZAH 4 55228 /km TH - 72 2
Lo, 645008 /km & ) LTHREDR— R IIBEZICE > TEFNII LBV ERHE Cld %
Motz EZONL, IERERRIFIIAEN 2 EEC RV IR 2 88 L CTh 5 kO &8 % Ejii
L7224 U 225, [ UEE) 2 @RI HkEE S 5 2 & TR AR T 5 [#: 0 K Lah3 ]
MRRONE (B 2017). HEEZIZ20184EN D~ TV VT b L —= > 7 &2 #1247 - T
BY, Mg~ T Y 2023201 AHICHE27H2019B & b~ TV~ (20194 2 H17HBIfE),
%35 NAHA~Z Y » (20194E12H 1 HEfE), ZB36MINAHA < TV ¥ (20224:121 4 HH{#)
WML TWwWz, XoT, REMIMICHEA~ I Y YT L= 2L 0B LEDB
MFT, TV Y EOBHBEGREBEHARSEEZ S OTHEA, RIIMRRL 2ro72b DL
ZEZohd, EoZlhrn, =7V XX 2 HH R85 W W6 o fiifb % B 729121,
LTEREDO#EY 2 R—A T3 IV vy 2ELZ L, RUMICE-Tx Iy Y2 N —=2 7
RITHZENHETHLEEA L. THS (2024a) BHI~TV v TrEZBETHES v F—
R, 3 AMTHRAICEHREZ LIF TSV voREZHET ML —ov s Tur s
EREALTCWD. T2, TS (2024b) Tk, T0EI R == 7ur 5008 M%2%
J72TRT v F—0FEBRIAT 5 72T v = 0 7O R, KESHEIN w5, Thb i s
ZIWZL, XTIV CMIF ML= Y FERETHEMICHE L TEBTAHI LT, YTV Y E25%EET
EL7203THRL, ¥F7V VX BRSO TR L Z I LR TE L7259,

%k, ERUEGRBEOREEHEHEOEAVIE, LT LIBEELRMERICAVWI LICHEET I
Ehd o (B 2017). MEFHOHBHBIRECTH L 7 LT F v 3 —Bist, &%, Wik
FHIESRITEHOESZSC 1 HRICKIFLEALEL L 2WwDS, E#4~5HBICE—2710EL
ZO®BRIOHBEE CEBMOMICKE S (B 2002). —7, ERMEMHAMIE, 8%, E8Ho1~2
HglcY =2, 5HEECTHHETZ (B 2017). EREHABKE 7 L7 F v 35— €
PEREIZ B2 2R E 220, EBRUGAFOREL 7 LT F ¥ ¥ 5 —BiGMEs e Lz w
En) b L (IR 2017) S EA6, BEIEPEN R ORI & W O A VIZE I3
T2 DTIE%\.

(39)



HRT v F—D< 5V VTS 72— A B & OSRESFICBIS B 05% - Ay (T9 - K

FED

N — 7T A MBI L MPFABRREICEOVWTLT LRVOR=ZAZHEL, TONR—Z
RHERL T IV U 2EFTHIET, LTLUARVICHY T 2 M HLBIEE T I Y v 25%ET
XDLIEHIRBENT, Y a=Frra—F4 Y72 X 57 a7 Y ORFEIE D KEO RN
PHER I NIz, FVa—rru—74 7 3HHOBE (7Y Y YHOH) ITIEMEKEDKD
BHRONZ F72, TV VAR Z ML —= 2 7% 7w, LT LRV OR— R &R
LCETTAHIET, 7V U %oOmil GEEMHAN) 2BELDICT2 I LRI N
7. TNOLORRNS, TV VEEZHERELETLIHRT ¥ F—I121d, AWETEML LI %
WY L R—=ZADFRE, 1 —T v BHOR—AEH, BLORIY ryRior)a-rou—74 07
BRI NG,

(BEx#]

InBody Japan. #l5Zii oA « JE i OFEZ S H. https://www.inbody.co.jp/inbody-test-procedures/, (M
H20244£10 5 14H)

eI (2002) BfAHIR. EEhE AR—» oEME WET 3. HiA AR @ 5, 57-64.

Gellish RL, Goslin BR, Olson RE, McDonald A, Russi GD, Moudgil VK (2007) Longitudinal modeling of the
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HORTRE, REMET, BRBETE (2007) N2> TBELWAR=-YREBEOER, W) GKED
BT A)— hoRYERE FU A% Y, 17-32.

TUF AR, ARAEE, KMIFER, HE—RE AFRHE PHEEZ, EH—M (2024a) =9V v5EEx BiTH
Ry vIF— %R E LBy R- V=T VA2 AN =5 20770V 27 b eE T 5 —FOWY A
—. BERBEREE AR B SE 2R E,  15: 81-97.

TUFHORER, mAMEZ, SRIEEE, MRIT—RR, WH— (2024b) X =2 —ofEEZF 2T ¥ F — 2398
Liex vy bb—=vr. BEERREANMBEEERE 15 99-111.

SFHF (2017) BEE—/S7 + =< Y A LD IO O ZRFEFED: (20 1), AR— v RK#EY Fro ki
Mo [E? 127225, WERFHRES © 3L, 73-108.
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Fig. 1. Relationships between running velocity and blood lactate concentration, and between
running velocity and heart rate during lactate curve test (N = 1). For a male recreational
runner, the lactate curve test was conducted one month before, half a month before, and
immediately before the marathon. The running velocity corresponding to a blood lactate
concentration of 2.0 mmol/L was 500 /km one month before, 5:12 /km half a month before,
and 5:18 /km immediately before the marathon. The heart rate at a blood lactate concentration
of 2.0 mmol/L was 142 bpm one month before, 137 bpm half a month before, and 123 bpm
immediately before the marathon. The running velocity at a blood lactate concentration of 4.0
mmol/L (ie. the onset of blood lactate accumulation: OBLA) was 4:17 /km one month before,
4:15 /km half a month before, and 4:18 /km immediately before the marathon. Additionally,
the heart rate at the OBLA was 159 bpm one month before, 155 bpm half a month before, and

151 bpm immediately before the marathon.
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Fig. 2. Change in running pace, heart rate and blood lactate concentration during the
marathon (N = 1). A 46-year-old male recreational runner ran a marathon with a target pace
of 6:00 /km, corresponding to the intensity of the lactate threshold, until 40km. The actual
pace was 553 = 0:11 /km. After 40 km, the runnner ran at the fastest possible pace, with
actual paces of 4:30 /km and 4:22 /km at 41 km and 42 km, respectively. Heart rate until 25
km was 120 = 4 bpm, and gradually increased after 25km. Heart rate at 41 km and 42 km
were 160 bpm and 166 bpm, respectively. Blood lactate concentration until 30 km (1.6 = 0.2

mmol/L) was less than 2.0 mmol/L and that immediately after the finish was 5.1 mmol/L.
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Fig. 3. Changes in running pace, heart rate, and blood lactate concentration during the half
marathon practice run, 30 km practice run, and marathon race (N = 1). The half marathon
practice run was conducted approximately one month before the marathon, and the 30 km
practice run was conducted approximately two weeks before the marathon, both on public
roads. The target pace for both practice runs was set at 6:00 /km, with actual paces of 5:53 =
0:05 /km during the half marathon practice run and 5:51 = 0:05 /km during the 30 km
practice run. The average heart rate for every 5 km during the half marathon practice run
was 127 = 6 bpm, while the 30 km practice run recorded an average heart rate of 119 * 1
bpm. Blood lactate concentrations for every 5 km during the half marathon and 30 km
practice runs were 2.1 = 0.3 mmol/L and 1.6 = 0.2 mmol/L, respectively. Changes in heart
rate and blood lactate concentration were similar among the half marathon practice run, 30

km practice run, and marathon race.
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Fig. 4. Changes in body mass, lean body mass, and percent body fat before and after
glycogen loading (N = 1). The percent body fat of a male recreational runner was estimated
using bioelectrical impedance analysis, and lean body mass was calculated based on body mass
and percent body fat. Glycogen loading was performed for 3 days before the marathon. The
mean * standard deviations (SD) for the ten days prior to glycogen loading are shown as solid

and dotted lines.
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Fig. 5. Change in plasma creatine kinase activity before and after the marathon race (N = 1).
Plasma creatine kinase activity of a male recreational runner was measured from six days
before the marathon race to five days after it. During the six days before the marathon, which
was a recovery and conditioning period, plasma creatine kinase activity gradually decreased.
Plasma creatine kinase activity at 1 and 2 days after the marathon exceeded the mean plus 2

standard deviations (SD) of the six days before the marathon.
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Table 2. Total caloric intake, carbohydrate, fat, and protein intake during glycogen loading
period (N = 1)

Calorie Carbohydrate Fat Protein
3 Days Intake
Before [keal] Weight Energy Ratio  Weight Energy Ratic  Weight  Body Weight
[a] [%] [a] [%] [a] Ratio [9/ka]
Breakfast 770 154 B80.0 8 9.6 31 0.5
Lunch 1183 158 67.1 21 16.2 33 0.5
Dinner 1937 336 69.4 20 9.2 59 1.0
Total 3889 689 70.8 49 11.4 123 2.0
Calorie Carbohydrate Fat Protein
2 Days Intake
Before [keal] Weight  Energy Ratio  Weight  Energy Ratic  Weight  Body Weight
[g] [%] (9] [%] [g] Ratio [g9/kg]
Breakfast 882 157 71.3 7 68 32 0.5
Lunch 1183 198 67.1 21 16.2 33 0.5
Dinner 1937 336 69.4 20 9.2 59 1.0
Total 4001 692 69.2 48 10.7 124 20
Calorie Carbohydrate Fat Protein
1 Day Intak
ntake
Before keal] Weight  Energy Ratio  Weight  Energy Ratio  Weight  Body Weight
[a] [%)] [a] [%] [g] Ratio [g/ka]
Breakfast 882 157 71.3 7 6.8 32 0.5
Lunch 1183 158 67.1 21 16.2 33 0.5
Dinner 1812 310 68.4 25 12.2 67 1.1
Total 3876 666 68.7 53 12.2 132 2.1
on Calorie Carbohydrate Fat Protein
Marathon Intake - - - - - :
Day [keal] Weight Energy Ratio  Weight Energy Ratic  Weight  Body Weight
[a] [%)] [a] [%] [a] Ratio [g/kg]
Breakfast 1162 209 71.9 14 10.8 36 0.6

A male recreational runner performed glycogen loading for 3 days prior to the marathon.
Caloric intake from carbohydrate and fat was calculated by multiplying the weight by 4 kcal/
g and 9 kcal/g, respectively, and the energy ratio of caloric intake from carbohydrates and fat

to total caloric intake was calculated. The ratio of protein intake to body mass was calculated.
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