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Changes in the Relationship between Swimming Velocity and Blood Lactate
during the Altitude Training in Elite Competitive Swimmers

Abstract

In this study, we firstly examined the effect of hypobaric hypoxia training on the
results of swimming performance test in highly trained elite competitive swimmers
during low altitude (1350 m) training camp (Exp.1). Next, we compared the results
of swimming performance test during low (1350 m) and moderate altitude (1950 m)
training camp (Exp.2). The number of swimmers participated in Exp.1 and Exp.2
were 7 and 4, respectively. The swimming performance test consists of 4 or 5 sets
of 4 x 100 m intermittent swim at progressively higher intensity per set. We
measured blood lactate concentration (Bla) after each swim set and mean stroke
time (ST) during each swim to determine the relationship between swimming
velocity (V) and Bla, and V and ST. From the V versus Bla curve, we calculated
the velocity at 25 mM and 40 mM of Bla (V,; and V,,), and ST at V,; and V,,. To
examine the physical condition of the swimmers during the training camp, resting
SpO, and HR were recorded in the mornings at wake up. The results of Exp.1
suggested that, after 3 days from the beginning of low altitude training camp,
swimming workouts below OBLA intensity could be performed at a level equivalent
to that at sea level training. Furthermore, the swimmers seemed to adapt to swim
at higher intensity in low altitude after 13 days of training camp. From the results

of Exp.2, the adaptation to hypobaric hypoxia environment seem to became slower
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at moderate altitude than at low altitude, and V,; and V,, became lower at
moderate altitude even after 16 days from the beginning of the training camp. The
change of physical condition also differs between low and moderate altitude training
camp. While the swimmers could keep their physical condition in good and steady
state during low altitude training camp, the change of physical condition differs
among swimmers and the training program seem to be non-optimal for some of the

swimmers in moderate altitude training camp.
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Subjects . . Skeltal Body Fat % Performance
< LATI> Age Height  Weight ~ LBM Muscle Mass Mass Body Fat Level
(v7) (em) (kg) (kg) (kg) (kg) (%) (Ranking in Japan)
A 21 175.0 68.8 58.6 31.8 10.2 14.8% 5 (400m FR)
B 20 180.0 73.7 63.5 35.6 10.2 13.8% 28 (200m FR)
C 19 171.9 65.8 56.3 30.8 9.5 14.4% 29 (200m IM)
D 22 175.0 70.6 60.1 32.3 10.5 14.8% 4 (200m FR)
E 20 174.2 69.3 58.6 32.8 10.7 15.4% 18 (400m IM)
F 19 174.0 74.3 63.5 35.1 10.8 14.5% 15 (1500m FR)
G 19 180.0 69.4 62.1 35.9 7.3 10.5% 20 (400m IM)
MEAN 20.00 175.72  70.27  60.40 33.47 9.87 14.03% 17.00
SD 1.07 2.87 2.73 2.55 1.89 1.12 1.49% 9.20
Subjects . . Skeltal Body Fat % Performance
< LAT2 & MAT > Age Height ~ Weight  LEM Muscle Mass Mass Body Fat Level
(Yr) (em) (kg) (kg) (kg) (kg) (%) (Ranking in Japan)
H 20 168.6 68.4 57.1 30.3 11.4 16.6% 5 (200m FR)
I 19 184.2 85.3 74.9 41.5 10.4 12.1% 2 (1500m FR)
J 19 173.0 62.2 54.0 30.6 8.2 13.2% 8 (400m IM)
K 19 177.8 70.2 61.4 34.2 8.8 12.5% 11 (400m IM)
MEAN 19.25 175.90 71.54  61.84 34.16 9.70 13.62% 6.50
SD 0.50 6.68 9.76 9.20 5.23 1.45 2.05% 3.35

FR = Freestyle, IM = Individual Medley

R AR R E T AT R B B 2 KGR (G4 1132008-2 B X 1°2008-3, AL 2 132011-5 35
£ 02012-5) 2R CEBEINZLDTH 5.

2-3 ALV —Z 2 TRBEHORA N —Z2 77077 4

MNEEE, MNOFEIIBNTY, WOBKY — X U #THIC3IBEMBEOR ML —= v 7]
&t tk, 21~228RIZ D725 TGHIZ ~10MDBEK ML —=> 770 s F A %L 7.
ZDtk, 4~ 5 HEEOMREMGIM 2z T, MREEERRFERREICBH L, 22~2600HOESD 5
WIEEH N L —= v AR R AT o 7.

LATIB X UFLAT2TIZ, #41365m D123 5 Thredbo Leisure Centre PO REPN50m 7
—VEMH L7z, AEHEICBT 230505 L, 863.06+4.09 (P + BEHERZE, LUTH
k&) hPa Tdh 72, —J, MAT THif§ L7-La Loma Altitude Training Center PNIZd 52
7= WAHEK1950m DML B - 727°, SR B 2 PR, 808.59+3.53 hPa TH

-7z,



38 PR AR B eI 2 4535%

2-3-1 WENCHBUBIL—Z>T7O754

LATIO 2 O AETE, APl tEnEo b —=yFHo b —=y 727
T a—=WIZDOWT, 20084F L 20094E DM TIRIZF — & b X HICRE L. Thbh, #Ei
EIEBIEITO 6 H 2 P & U, $ERmbBEacsA %, SHMAS 11, 9HHLS
BHHZHE2M, I6HH»H22HHETEE3IWEL, ThEholHo L —= v FHER
ML —=> 27w (GkEEE) A%20084F & 20004 TRk L 2% L9 Bt E L7z, COR, WHT
B o Tz, LATIRGEASIAHEDA Y V2= VDR TH -7 (F£2).

#3123, LATIO FL—= ZHB L OPIERIICB 2 1HB VD L —=v 7%,
DPUDNIFH LT VD bL—=v 7 h 5 ) =" BICkBMeOR Lz £/, %312, °F
HEEG ] O T £ Tl 7z 3EMIC R S\ (DUT PP | &ig3) 2Bi55 ML
—= v EEPIHHY OFHETR L.

PRI BV, ML —= v 7w (kB & T T55.5% £ Tk L L, EN2
EHZAMWEOE ML —= Y S EREFICI R, PSSR CET RS E5 L)%
W7z (#3). LATIOH 1 MIIEEHERE I T 20N H 725720, 1 HdH 72 ) ORIKEEHE
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x£2 HELICBITLFL—= 7B X OMEDERIRN

LATI (2008) Prepa(r:e?; SZULATl Phase 2@LATI (2008) Phase 3@LATI (2008) | Phase IGLATI (2008)
(n=3)
12)3|afs|6|1|2]3]4]5]6|7[8|9]10/10]12|13]14]15[16|17|18]19|20]21]22
SpO, and PR @] OlO0|O0|O O OO OO O|O0]0 O|O0]0
Swim Training (AM) O|O0|O|O OO0 OO O O|O]|0O O O|O|O0|O|0O
Swim Training (PM) | O O OO0 O1010 O O|010O O
ILCT (PM) O (@) O O
LATI (2009) Prepa(rsaet;miefi;f/\ﬂ Phase 1@LAT1 (2009) Phase 2@LAT1 (2009) | Phase 3€LATI (2009)
(n=4)
102345612345 |6|7|8|9|10]11|12]13|14|15[16]17]18]19]20 21]22
SpO, and PR O O|1010|0 (@) o]0 OO O|010 O|010
Swim Training (AM) OO0 |0 o100 OO0 O OlO010|0O O Ol0|0|0|0
Swim Training (PM) | O O OO O|0|0O O O|O0]0O O
ILCT (PM) O O O O

Sp02= percutaneous oxygen saturation, PR = pulse rate, ILCT = Intermittent Lactate Curve Test



39

i)

L, Mg, AT,

A

B B vkd I FLRR R LB OB (R4

Hi N L —= 27

2017

1I0JJ9 [BWIXRW 1M 23S ()7 UIyIm 319[dwod [iam ey Suturen) 1omod-ysiy ayJ, =¢NV
7T/10Wwg Uueyy 210w 3¢ [[Ia 93e30e| PoO[q dY3 Jeyy Suruteny LUSUNUIYSIY YL =gNV B INV

T/I0WWg 01 G 3¢ [[IM 31810 Poo[q Y1 1By} Sulures) AJSUUL-IRISPOW Y[, =N B ENA
/10wy 03 g 9q ([ 93e3oR] poo[q 9y} jeyy Sulured) A}susjul-mol 3L =gNd ¥, INT
7T/[oWg URY) SS9 9q [[IM 9JBIOB[ POO[] 9] JRY) Jururer) ANSUNUN-MO] AI9A 9L, =NH ¥ TV

%6962

ST°8IET + 67 ¥2SL

%196

8978601 + 15°GL06

%0858
287699 ¥ 671018

NEG GG
G0°8LE F 98°2W2S

257686 F 81 Ch#6

%8E 56
06°TT = €5°921T

%69 L8
00°G ¥ €¢°911L

%96 001
GL'8 ¥ €6°¢€€T

%95°¢8
G628 ¥ 25601

TT°0T ¥ 99°2¢1

%6898
12°87 + 91°80¢

%EV LT
GL'26 ¥ 96°L6E

%00 7T
0070 ¥ 00°0¢

%2981
00°0 * L9799

v 0L F ¥1°LS€

%8919
98°L0C ¥ 62 V1¢

%ZI 06
18709 + 81°6SF

%50° 5
GL'8 F LS '8L1

%80°ET
00°0 ¥ L9799

697991 + 257609

%EL CL
60°28S ¥ GV'231¢

%07 101
88766S F 816962

%cE L8
687682 * 13°8%5¢

%Ll 67
8V"L8 F 8€ ¢SV

90°¥9¢ ¥ LE'816¢

%EC 18
67219 * 90°€99%

%6056
¥0°62S * 98°2VIS

%9666
28 10% * L0" 161G

%aee 19
16°62¢ + 29°LvSE

8G° 667 ¥ 67 72SS

aSDYJ Sund [ DADE] JSuIDSD Sanipa 2a1v]ayy

TLVI®E °seyd

SDYJ SUanL ] PADE] JSuIDSD sanipa 2a1v]ay

1LV I®g °seyd

oSDYJ SUNDL] DADE] ISUIDSD Sonpa 2auvjay
ILVI®1 9seyd

SDYJ SUnd ] PADE] JSuIDSD Sanipa 2a1v]ayy

([9A9T B3S) TLV'T 10§ uoneredarg

(19A9T ©9S) oseyd Sururer], pIef]

Tmm—u\av
S9OUB)SI(]
wmg erog,

(&ep/ur)
ENV Jo
S90URISI(] WIMS

(&ep/ur)
NV % INV Jo
S90URISI(] WIMS

(&ep/ur)
VNI % €N Jo
S9OURISI(] WIMS

(&ep/ur)
¢Nd %, INY Jo
SOUBISI(] WIMG

(Kep,/ur)
INI % 1V Jo
S9OURISI(] WIMS

(PN A O O Y LQH T O — (L4 2=—1Y) BMOLA=—A RN Qg T F e

€E



40 PR AR B eI 2 4535%

BIWTIE, FL—= IR PHBBI D80 % MEICIMZ 5 —7 T, ANILLEOREEETO
ML ==Y 7RIS L NOVISHERT 5, wbWwb AY — FigfLiie L7z (£3).

2-3-2 WE21CHUBIL—Z=2T7OT5 4L

LAT2& MAT Tid, TNZENOBEERBRRETED I RG22 8PN O ICR R L7720,
BRERBZRZENMMOA L ST, ZORMOMNL—= ZFHIICBITA ML —o U FHER ML —
—rrmlE, TNETNOBRBEICHEL-b0L 5L Tur T Ak Lz, %9, LAT2
ZBUFA ML —= v ZAr Y a— 22w Tid, LAT2HIER O 6 H 2 FHiEfm & L, #&
EIBREICHEER,S T HM 2SN L - 7 0B 1M, SHEHASI4HEHZE 2, 15
HH2H20HHF T2 3M, 2LHH»S24HHA2H4 W& Lz (3£4). —J, MAT T3,
MAT B%GHT O 6 H 2 P dEfiil & U, SR EE#Z, O SHMAZ S L —= 7
OEIM, IHHA2SIGHAZE 20, 16HH2520H T4 3, 23HH2 5260 H%
BAWE L (F4).

#2513, LAT2B X O"MAT To, “FHusESE], FHEMUB LI XCo#EFH ML —=
YIZMICBIAIHBIYVO ML —= v TRE, L=V TT) —HIIRLELDOTH
%. LAT2IZ BT, “PHuERm Y o Rk M3 PSR L T79.8% L M Th o 72735, Z
L, PG ET OB AL oA FE X D b 2 ML CRRE L 72720, BEU
OUKFBEDG DL o722 L DOWERZ I TVAH. LAT208 1T, BdbzhobL—=

F4 FAE2IIBIL L —= 7B X OWEOFERIKN

LAT2 (012) | asion for \AT2 ) Phase 16LAT2 Phase 2@LAT2 Phase 3GLAT2 |Phase 1GLAT2
=4
(=4 1/213[4(5(6|1(2|3[4|5[6|7|8|9/(10{11{12|13|14|15{16(17|18|19(20(21|22|23|24
SpO, and PR @) Ol|O|O|0]0| [O|Of O] 1O Ool|o] |0 |O
Swim Training (AM) |O|O|O|O|O O|O]O|0]0| O] [O]O]OJ0] |O|O|0] |Of O 0|0
Swim Training (PM) Ol|O0 O] 10 O|0|0| O [@]l@) ][]
ILCT (PM) O O
Preparation for MAT . . -
MAT (20134F) (Sea Level) Phase 1@MAT Phase 2@MAT Phase 3@MAT Phase 4@MAT
=4
(=4 112[3[4|5(6[1[2|3|4[|5[6[7|8|9](10{11|12|13|14|15|16(17|18|19|20|21|22|23|24|25|26
SpO, and PR @) Ol|O|O|0]0| [O]Of O] 1O Oolo] |0} |0 0] 1O
Swim Training (AM) |O|O|O| |O|O] |O] |O|O|O|0O] |O] |O| |O|O |0 O] [O]O] |O|O
Swim Training (PM) | |O|O| O] |O] |O Ol|0]|0] 0|0 Ol|0] |O]O] 0|0
ILCT (PM) O O

SpOz= percutaneous oxygen saturation, PR = pulse rate, ILCT = Intermittent Lactate Curve Test
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VB TOBEBI L AV EFEEEL L2, BREO ML —= v 72 RE&ECHZ, EN2DL
ToOrL—=v Tl L (£5). F2WBIUEIYTIIEN EO ML —= v 7%
itz meo, PL—=r 7o - B IIHRHMoTh o505 28T, EE L —
SUTRBILEHINE Lz (£5). H4MTIE, 1 Hd2) ORIKEEEE 5 ~ 8 %iEEE L
L, ANIDLEOEBRED ML —= Zmeiz, % 3% ToEs; 2 s £ 5 72005
L7 (#5).
MATIZBITS ML ==V FHFIZOVWTEMTFTOEB) TH 5. L3 FH#MmHIcoOWT
AR UK EELE A SRS O BRI 2, BB OET RN T 5 L) RikEE L o7 (R
5). Wb L —=2 7 OBULH, $abLE 1T, BikEEEEREELTLEBI, EN3
DED ML == ZOEBRIKIBICA R 2D L) RikEe Lz (£5). £2HTl, #ik
PR BB L ANV L, 2D, ENSLLEOWEE~IRED b L —= v F OE s &
EWRTILT, Wl ML= IEEIIBITA®B & L7z (K5). H3WTowTiE, b
L—=v7®eWz5—70 T, ANI~AN20OERGEGEMERT 2, wbw2 A Y — Fiffbi&
L7z (#£5). SOIHEAMNIAEE L, ke S 512% L3 ebIc, SmED ML —
U ERiEEHE L, EIMEFTORFTEBMIEL L )LD (K5).

2-4 BEWIEH—T T X

M FLEE S — 77 A b (Intermittent Lactate Curve Test : LN [ILCT] &W&3) (&
nWbhhd s b L —= 0 FHICEZRE L7z, kPR EE BT 72007 X M TH
2", WA T, EHLOECBVTY, THEMN 4 HE (LT [Pre-LAT1) &W3), #
N L=V RG2S 3HE (BUF [LAT1-Day3] &#53), 7HH (BUF [LAT1-Day7]
LWEY) BIOISHHE (BLF [LAT1-Dayl3) &Wsd) ICILCT 2%MiL 7z (#%2). #&k2T
i, LAT2B X O'MAT ZhZho&mEbiicos, ILCT #47-7:. $4&bH, LAT2TIHH
A b L —= 2 RGNS 6 HEB X UI5HHE (MUFZ2hZh [LAT2-Day6] B XU [LAT2
-Dayl5] &W&$) 12, 72, MAT TIIEH ML —= Y 7G2S 7T HEB X OI6HE (MUF
ZhZN [MAT-Day7] B X0 [MAT-Dayl6] LWsd) IZILCT 2 %M L7 (F4).
FTRTHILCT &, ENUMTORED b L—= > 7 ZFEHICTY, ZORTIORETD
5 REHIREMDIBEICBB SN A FHO ML —= Y R ATH) 2 L L Lz FRihO ML —=2 7
BIZOWTHE, ILCT OV 4+ —A7 v 7HHES NS 3RHETE TICBEPET T2 L) 2 A
Fya—nEL7 F7, ICTRELITOY +—LT v 7220 TIE, 7A MTH—&
L7z, $7%&bb, Al~ENIOERED K1) VT —2 % b — )L T2400m 17 - 72#, EN1'~EN2
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DOHEEOIETITDNE A ¥ & — bkt v b 21000m ER S T2 5, ILCT I F 72
ILCT i, JeATii%e” A, 100m o 7 0 — L ik%80RE (it v b CTIR100BE) (2 4 [l
DETHBKKE Y bR, Ly MEOWIBARMEICL DA -V Ty P ETEBSEL TR b aL
EL7 (ML), 1y b5 4ty PETIE, REEZHELARKTOI Y ba— )Lk
TEESIE/. Zoary bu—)ikTiE, HEREREEE TOSHEMIIEE To#E S » A
3BT DN EABEN T — LV TOAMES — 77 A b (400m x 4 v 1) 12k > Tl X
S N7z LR A . OmM (A Y 3 2k HE (BUF [V, &WE9) 2 HIRES 1 225
L7z, $74bb, V, &2100m &7z ) OEEREE IS0 L2 EH 238 28 L, 1ty b
TS L A6 BN L72IE, 52ty T3S £ 212 3BIME LR, 453+
v NTIEHHES £ 4, H4ty FTIIEES L 200 3PESE LRRICHRE L. HREI
i, ENENDO100m % iE LzREH Tk < & D BRx b2 72

ILCT @5ty MIoWTIE, 1008H12100m ik 4 ml#E 0 K5, A% TOREkKE
L7z (K1), 7272L, LKH{hﬁrow (&, BEARRRFE KT B BIMEA5E T LT\l
BEMEDRIE SR TS 720, FREIBEOEIE 52T, AA— AL ER S
LEFEHL, RAZHKEY NEITDT, #4+Ly PTFRMETEL. £72, MAT-Day7
IZoWTIE, WREVNO TRFT 2RHVER TORMBAETE CTH o722 LICHEA, HBED b

l Blood Sampling o ﬂ l
ﬁ HR

V (m/sec)

CCICC HH H H Maximum Effort

Swim
4reps X 100m
@100 sec

.., Submaximal Controlled Swim
X 4repsx100m@80 sec

X1 MBIy —77 A (ILCT) o7a ban
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V== %5 2 B E MWL, LATI-Day3lit, 4ty PTILCT%R T & L7
ILCT Oty FEIOKREIZDWTIE, Fl1ty M58 4ty ETIES545M, $F4Ev b
LSy PEDOHEIZOWTIZIOH AR E L7 (K1), ZoREMIZ, DIFIORT &M
WHEALRIL, WREOEEICLDT 75714 7) I\ ) = AL DZFHFT LIz

HA Y E =NV AL AOFEREME Xy T4 v F(S120-4000, £ A4 a—4) 12X FEF
WL, KEEEOLI00m ZFrER TR 22 LIk, WEE (LLF [V] &) 2501,
4BOFHEE KLy FOREMHEE Lz, 72, 100m kO #HEO0m 2B 351 A ha—2
R, $4abbA =244 (DUF [ST] &W5F) %, 5AMT—2H A 7 VIEIZA
My Ty FEEHLTHE, £y MEOTFHERINL, Zoflizgty MIBFSA O
— 754 NELTHRAL.

A FLEEHEEE (LT [La) &B69) &, 1ty M2565 3y b TS T30%, %
4ty FTIEBI T608%, 5ty b TIREBE U180 H#IC, 1R S IH I L 22 i % il
S LBHER (9277 —b7a, 7—=27LA%) 22352 8Tk 72, 0% (DL
T THR] EWE9) &, &t v Mk, BEHICMEZEIC X 2100 B ORI E 2 2% 3 H12
Fehti S, HEEHIC K D S ¥z 155 Md 7z ) o HRAEIZIRSE L CRisk L 7-.

DIRICE D EoNnz7— %1%, V-Lalifibs L O V-ST EMOERICIFH SN T4bb
V-La fi#ICoWTIE V 272, La 2@ E$2 2RIAEICE Y, 72 V-ST EHIC

ST

La

2 Vi, Vy, ST@V, B LU ST@V,, 08
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DWTIRV 2M R, STAEBEERE TS 1 REESTEITH) 2 TRDE (K2). #5
N7z V-Laiit & v, V, & La22.5mM ICHA4 T2 V (LT [V,,] LWEd) 2Z2hThE
L7z (M2). F72, V-STHEHBICENZNV,;BLOV, OEZNIFTLZ LT, V. 850V,
IWHIRED ST (DLFZ2hEh [ST@ V, ), [ST@ V,,] &ig3) 2RD7z (102).

2-5 BIRMERFEEIFIE DAIE

X G B OITARFR BRI 03  BIML O BT 2 Wi 5 7200, SEEIRZEHHRE O B IR 1 e 3 fu
JE (BT [SpO.) &mgs) &R (BUF [PR] &W&T) %, AWMIETHRL L2 XTOML
— = UV ERERICIIE L7z, WEHICOWTIE, LATITIZE 212, F72, LAT2B X U'MAT
TIREAWRLAEBY THo72. Sp0,3 L PR OMER, H5E H ORI %\ AMEAL L
LECIfole. Thbh, MOV AFF I A—=F— OV v 7 R-3i, I=Hh3I VTt
AL CLAMOMEEIT, 1 5RBROZEMH % sk L 7.

2-6 #t Et B

WAEMZ, §NTFME = B FE TR L. KWE - oW EBICBT 29 MHICoOnT,
7 A N ORERFIYZEAL & JE I H B O%E R D720, SO H 5 —ICELE ST 2 1T,
Bonferroni MiaZIZ & 2% HILEK AT -7z, 72721, SpOIIBIF % LAT-2& MATH, 72, %
WEHIZBT S ST@ V,,& ST@ V,, D2V TIE, MIEDd 5 t i 2 Tl 247
oz BB, HEKEIIOWTIE, 5 %REICHEE L.

-1 # &E 1

3-1-1 LATUCH T BEEI—T T X FDFER

FO6BLIOK3IWE, #ELITITONAILCTICLE Y BONEEROMEEZRT. Viiow
Tk, $XNTOMWEHOTXTOMEKIKE Y MHICBWTHE (p<0.01) ZEFBDSI
v PPHELICONTREDIML Tz (£6). 72, WEHMO VIZOWTIE, [Mhol
Wikt v MZBWTHIZIZFABOMEAIR SN, ETORKFHEKICBOTHREIEE L
WK EB IR NIZZ L 23 b7,

LalZoWwTid, Mol iZBnTd, Mkt vy b & ERSIZONTEDE L % 2 6]
WCHo7zhs, ZOEIEELI LY F26E3 Ly PETIINEL, FEd4Ly MhOHEEL -
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F£6 MEEHMNL—=227 (2008438 X U2009%) 2B 5 ILCT OKiH
Pre-LAT1 LATI1-Day 3 LATI1-Day 7 LATI1-Day 13

1st Swim Set 1.42 £0.02 j** 1.42+0.01 jw 1.40+0.03 jn 1.41+0.03 j**

2nd Swim Set 1.46 £0.02 j** 1.46+0.02 jm 1.46=0.02 j** 1.46+0.02 j**
(m/\gec) 3rd Swim Set 1.53 £0.02 j** 1.52+0.03 jn 1.52+0.03 j** 1.52+0.02 jt*

4th Swim Set 1.59 £0.03 j** 1.60+0.04 1.59+0.04 j“ 1.59+0.03 j“

5th Swim Set 1.68 £0.05 1.68+0.05 1.69+0.05

Ist Swim Set 1.20 £0.40 1.03+0.16 1.01+0.32 0.97+0.21

2nd Swim Set 1.27 £0.24 1.31+0.27 1.11+£0.33 1.09+0.23

I It

(m;$VL>§hdSwmlsﬁ 2.36£1.12 7 2642101 . 2073072 7w 1.90%0.53 .

\ Rl ‘ T ) ]
4th Swim Set 4.33 11474ﬁ** 6.06i1.57J 4436+O.94ﬁ“ 3.87+1.08 j**
5th Swim Set 12.49 £0.77 11.93+1.16 13.09+1.43

I It
Ist Swim Set 134.57 £10.88 139.71+10.23 133.71+£9.62 128.57+12.90
2nd Swim Set 144.00 =10.39 147.43111.931*1 139.71+13.29 139.71+17.57
b fnj in) 3rd Swim Set 155.14 i18.14j** 164.29i15.251*‘ 156.71+£19.33 155.14£13.61 —u
eats/min
4th Swim Set 174.00 110.951** 173.14+15.66 169.71121.5511. 173.14114.041**
5th Swim Set 194.57 £4.72 192.86+8.78 180.00+10.39
Ist Swim Set 2.00 =0.05 ik 1.93+0.05 ik 1.99:+0.04 1.98+0.07
2nd Swim Set 1.89 +0.05 T 1.87£0.07 =..  1.91%0.05 . 1.9020.07
( fT o 3rd Swim Set 1.74 £0.06 =) 1.74%0.07 =0 1.77%0.06 = .. 1.80£0.06 —
sec/stroke E ;

I I 1 It ]
4th Swim Set 1.61 i0.0Sﬁ** 1.56i0.06J 1.58i0.05ﬁ” 1.60i0.07j**
5th Swim Set 1.39 £0.05 1.41+0.06 1.40+0.05

I It
v, (m/sec) 1.54 £0.05 j** 1.52+0.04 j*,. 1.54+0.04 j** 1.55+0.03 j**
' (m/sec) 1.58 £0.05 1.56=0.04 1.58+0.04 1.58+0.03
ST@V, . (sec/stroke) 1.70 £0.09 jm« 1.73+0.04 ju 1.70+0.07 j“ 1.70+0.06 jw
ST@V, | (sec/stroke) 1.62 £0.07 1.65+0.05 1.63+0.06 1.64=0.06

Values are means = SD.

V = Mean velocity, La = blood lactate concentration, HR = heart rate, ST = Stroke Time
V”: swimming velocity equivalent to blood lactate concentration 2.5mmol/L

= swimming velocity equivalent to blood lactate concentration 4.0mmol/L
P,

indicates significant difference among trials (p <0.01)
T indicates significant difference among the days (p <0.05)

Twiz (M3). Zox, ekt y MNETEELZE (p<0.01) BAbNhz0lF, H3tLy b
EHEAEY FPBIUEAEY FEES Y b (2L, £5t Y FEfToTWARWLATI-Day3
) EOWMOATH-7z (56, K3). T/, WEHMOEIIOWTALE, ILCT OHF
3ty MIBWT, LATI-Day3® A LATI-Dayl3& ) b A (p<0.05) I8, T/, &
4ty MZBWT, LAT1-Day3d i 32D XToOMEH L h A% (p<0.05) 2w
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2.20
2.10
2.00
1.90
1.80
1.70
1.60
1.50
1.40
1.30
1.20

ST (sec/stroke)

Pre-LAT1
LATI1-Day 3
LAT1-Day 7 — % —
LATI1-Day 13 o §§ : ~ 2000
J = 1900
- 1800
- 1700
- 1600
- 1500
- 1400
1300
1200

oaQp

1600 -
15.00
14.00
1300~
12.00
1100 ~
10.00
9.00 A
800 A
700 A
6.00 A
500 A
4.00 A
3.00 A
200 A
100 A
0.00

HR (beats/min)

La (mmol/L)

1.35 1.40 145 1.50 1.55 1.60 1.65 170

V (m/sec)
Values are means = SD. V = Mean velocity, La = blood lactate concentration
HR = heart rate, ST = Stroke Time
** p<0.01 (Pre)
1 $<0.01 (Day3)
i+ p<0.01 (Day7)
§§ »<0.01 (Dayl3)

3 EEFEM L —=7 (200848 & U20094F) I2B1F HikEE (V) 12 2 Mh LRI (Bla),
D (HR) BLXUAMa—=2 %424 (ST) OXH)

-7z (3%6).

Bkt v PO HRIZOWTIE, v M & EAQLHIITIZERYISENT 2 @0 H - 72
(M3). ¥%bbH, Pre-LATITIHEI Ly b4ty PBIUEL Ly FEFES LY b E
O, LATI-Day3TIi3# 2ty b3y FBIUHEI Ly befdty DM, LATI
Day7TldfE 4ty M5y b EDE, LATI-Dayl3TidE3ty MeffEdty B IO
Haty NeHESLy PEDMICHRDAE (p<0.01) HPRBOSNZ (6, K3). —7,
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WEHBTIE, Moty MIBWTHRELRESALNTIZIZFEEOMELR SN LB H
5720, 1ty bOMEDOA, LATI-Day3® 525 LATI-Dayl3& ) b AE (p<0.05) 127
{ otz (£6).

STIZOWTIE, FEAETXTOMEKKE v MTHEZAERSASW: (M3). T4b
5, LAT1-Day7® 41ty F 4241y b, LAT1-Dayl30& 1ty b2y FBX
B2ty PeE3 Ly FHEZRSITRTOMBKIKLy PHTHEEZ (p<0.01) 25RBH LR,
oy PPELIZONTST PR ZoTw7z (6, M3). ZHTHL, WEHHKTIX, K&
LEPHALNT, 4ty MO LATI-Day3®D /i %5 Pre-LATIH L ' LATI-Dayl3 & ) b A%
ZHD o 2T ThH -7 (6)

B 412, AE 1 TbNAZILCT A HEN SNV, BIOV, AR L MhofilEHics
WTH V&)V, W (p<0.01) k& Hho7z (6, M4)., —J, WEHMIZOWT
1, V5128V, LAT1-Day3® 54 LAT1-Dayl3& W A% (p<0.05) 12K -7 (366,
X 4).

51, i1 TITbNZILCT 2 HE I S/ ST@QV, ;B LU ST@V, ;2R L72bDTH
L. AROPWERICBV TS ST@V,. & ) ST@V, hH#E (p<0.01) IZ@h-7z (£6,
5). —F, SNOOEFOMWERMDEIIDWTIE, LATI-Day3THOMEH £ ) 3 EWl
DRENDMEMCHo72b DD, HEEIBOON o7z (£6, K5).

OPre-LATI1
BLATI1-Day 3
BLATI1-Day 7
B LATI1-Day 13

1.64
1.62
1.60
1.58
1.56
154
1.52

V (m/sec)

* p<0.05
1 $<0.01 (vs V,,)

4 HEEH L —= 77 (200843 X UN20094E) 12BIF BV, B OV, DZEH)
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OPre-LAT1
185 n BLATI1-Day 3
180 A ®LATI1-Day 7
' BLATI1-Day 13

1.75

o)

= 1.70

5

£ 165

(&)

Q

2 160

IS

wn
0.00

ST@Vy5
1 p<0.01 (vs ST@V-2.5)

ST@V,,

5 i b L—=22 (200843 £ UT20094E) 12815 B VuhBUHED ST (ST@V,;) LUV,

LBl ST (ST@V,,) DEH)

3-1-2 LAT1ICH T 2 RE#RF DO EIARIMER R RAFNE

712, LATIE X2 0BG 2 HEjcAT b RKZHIEO Sp0,38 L U PR, & 51211,
PR3 729 @ SpO.fii (BT [SpO,/PR] &Wsd) #ixL7z. F72, M61d, Zd9HbH, SpO,
DEMOVWTT T 7L 725D TH A, LATUHRMHICRLER S 7z SpO.IE, (ol H iz
BUTLFEH, T4b5 LATIFGAROMICH L THE (p<0.01) 12K, 2> LATUH
IR E S EFET, ZIZFEROMAIVRENT: (ET, M6). —J), PRBLUSpO,/PRIZD
WTIE, LATUH oA 53, LATHHM A & LAT1RAE & I A EAEIBD Sk

\2B1F % Sp0O,, PR B & U Sp0,/PR DZH)

Day 6 Day 7 Day 9 Day 10

*95.00+1.20™ 95.14+1.73" 95.86+1.25" 95.57+1.76™
60.71+6.63 61.14+8.61 60.57+8.86 60.29+8.84
1.58+0.19 1.59+0.26 1.62+0.26 1.62+0.28

Day 18 Day 20 Day 21 Day 22

Motz (KT).
xR7 ML —=27 (200848 & UN20094F)
Pre Day 2 Day 3 Day 4
SpO, (%) 98.71%0.70 95.71+1.39™ 95.43+1.40 95.432.77"
P i 56.71%10.39 60.71+6.63 61.43+7.56 60.86=9.12
SpO/PR 1.80%0.37 1.59+0.18 1.58%0.19 1.600.24
Day 13 Day 14 Day 16 Day 17
SpO, (%)  95.71+1.83" 95.43%1.50" 95.43+1.50" 95.71%0.88
R tminy  60.71%7.34 58.43+9.15 57.578.23 58.43%9.08
SpO/PR  1.60+0.24 1.670.20 1.69+0.27 1.68%0.27

" 95.43%£1.05™ 95.71£1.67" 95.57+1.50"™ 95.71+1.83"
59.86+9.19 60.00+10.28 59.14+11.36 59.57+9.66
1.64+0.30 1.65+0.32 1.68+0.36 1.65+0.31

Values are means + SD. SpOzz percutaneous oxygen saturation, PR = pulse rate
** indicates significant difference from Pre (p <0.01)
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102.00 A

ok

10000 - [ I T T T I T [ [ [ 1

98.00 -

SpO2 (%)

96.00 =

9400 -

9200 =

Pre Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day

2 3 4 6 7 9 10 13 14 16 17 18 20 21 22
indicates significant difference among days (p <0.05)
indicates significant difference among days (p <0.01)

K6 #HEEiihL—=2227 (20084E8 & U20094E) 12351) B % SpO, DZEH)

0.00

*

ETS

32 W & 2

3-2-1 LAT2HELU'MATICH T B3 EH—T 7 X FO#HER

A2 THDNZZILCT IS & > THONZTRTOHEMIE, KEBIUMTIIRTEBD
Tholz. VIZoWuTE, LAT2BXUMAT O ELLIZBWTYH, TXTOMWEHDTRT
ORIkt Y FMIICBWTHE (p<0.01) ZEFROLN, Ly FAELICON TR
MUTWwW (£8, M7). /2, WEHMO VIZoWwTE, Mikikty boFE3I Ly PBLD
H4ty MIBWT, MAT-Dayl6DEAMBOREH I LT OREN, &) biF LAT2-
Day68 X ' MAT-Day7iZxf L THEZE (p<0.01) 2O 67 (£8).

LalzowT, WEkikt vy MEOAEENRD SNzDE, LAT2-Day6n 3ty b4
v b (p<0.0]) BLUHE4Ly FEFESEY FEDH (p<0.01), LAT2-Dayl504 4 &
v FEHESEY FEOM (p<0.01), MAT-Day7o# 2ty E&3+y b (p<0.05) Bk
U3y beEaty POl (p<0.01), MAT-Dayl6D# 44ty bE#ES5Ly hE DT
by, bty MEALZTIBEPr o7 (38, W7). —7J, LaDWEHMDAEIZONWT
AbE, MKty PO 2ty MIBWTMAT-Day7O A & S RS, ZOMHEIZ LAT2-
Day6B & OFLAT2-Dayl5lClt LTHE (p<0.05) o7z (£8). 72, £33ty B
XU 4+Ey bTIE, MAT-Day7lil BT LAT2OMMOWEHN L ) A% (p<0.01) 125
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WEAS, F72, MAT-Dayl6lcxLTHAE (p<0.05) IZEWHATREN TV (K8).

Mkt Y PO HRICAEEA (p<0.01) BSARSN7zDi%, LAT2-Day6DE 3ty b &8
4y FBIXUHEA4 Ly FEES LY FEOR, LAT2-DaylsoE 3ty FeFE4 Ly M ED

%8 i (20124F) BIOEM ML —= 7 (20134F) 128135 ILCT OfER

LAT2-Day 6 LAT2-Day 15 MAT-Day 7 MAT-Day 16
1st Swim Set 1.43+0.02 1.42+0.02 1.43+0.02 1.42+0. O3j
2nd Swim Set 1.48+0.01 Bk 1.48+0.02 e 1.48+0.02 T 1.48+0.02

\ ] T ]
ey Swim Set 1.56+0.02 % 1.550.03 % 1.56+0.02 ..  1.53+0.02
I ’—A'—WT‘TT ]
4th Swim Set 1.64+0.01 ﬂ** 1.63+0.02 ﬁ** 1.64+0.01 1.60+0. Olj
5th Swim Set 1.72+0.03 1.72+0.05 1.69+0.06
1st Swim Set 1.03+0.32 1.40+0.83 1.63+0.33 1.23+0.17
\ i 1T
2nd Swim Set 1.18+0.36 1.30+£0.69 2.48+0.62 1.63+0.17
La I I T T 1 14
(mmol/L) 3rd Swim Set 2255051 —.  2.000.52 4.88+1.28 =,  2.93+0.73
I J I T T 1 J 14
4th Swim Set 4.93+0.56 j“ 3.94+0.36 j** 9.65+2.33 5.51+1.66 j*
5th Swim Set 12.29+1.58 11.29+4.13 10.59+4.38
1st Swim Set 133.50+12.37 126.00£6.93 139.50+15.78 132.00+8.49
2nd Swim Set 141.00+15.87 131.50+10.25 150.00+16.25 142.50+12.37
HR .y drd Swim Set 150.00+14.70 —..  143.50*8.54 —.. 160.50+14.18 150.00+10.95 — 4
(beats/min) j j j
4th Swim Set 169‘50117‘921“ 162.00+9.80 177.00+18.00 166.50118.571**
5th Swim Set 180.00+16.25 183.00+7.75 187.50+13.30
1st Swim Set 2.19+0.16 2.18+0.16 2.09+0.10 2.04+0.05
\ T
2nd Swim Set 2.05+0.13 2.09+0.09 1.94i0.06jy 2.01+0.07
(gec/sstkae) 3rd Swim Set 1.8410.11]” 1.92:0.07]** 1.76+0.06 =, 1.86+0.08
: il
4th Swim Set 1.65i0.051” 1.70+£0.05 1.56+0.09 1.71+0.06
5th Swim Set 1.42+0.03 1.44+0.09 1.49+0.12
[ 0 |t
st (m/sec) 1.58+0.01 —u 1.57£0.01 —u 1.49%0.05 4 1.52+£0.04 —u
T
m — T |
¥ (m/sec) 1.61+0.01 - 1.61+0.02 - 1.54+0.04 - 1.57+0.04
\ [—— A
ST@V25 (sec/stroke) 1.79£0.06 —7 1.83£0.04 —7x 1.95£0.11 —% 1.88+£0.02 %
I [ 1lT ]
ST@V‘ﬂ (sec/stroke) 1.71+£0.04 — 1.72+0.06 — 1.82+0.07— 1.76+0.04

Values are means = SD.V = Mean velocity, La = blood lactate concentration, HR = heart rate

ST = Stroke Time, V, = swimming velocity equivalent to blood lactate concentration 2.5mmol/L
Vm— swimming velocity equivalent to blood lactate concentration 4.0mmol/L
indicates significant difference among trials (p <0.05)

ok

indicates significant difference among trials (p <0.01)

T indicates significant difference among the days (p <0.05)
T indicates significant difference among the days (p <0.01)
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ST (sec/stroke)
2

140 A LAT2-Day6 y
130 O LAT2-Dayl5 ..
1.20 O MAT-Day7 Tt
© MAT-Dayl6 Lo s
200.0
190.0
1800 =
1700 E
1600 £
1500 8
1400
o0 oo
1500 .
1400
1300 -
1200 -
1100 -
1000
I 900
= 800 A
§7m-
= 600 -
— 500 A
400
300 A
200
100 -
0.00

135 140 145 150 155 160 165 170 175

V (m/sec)
Values are means + SD. V = Mean velocity, La = blood lactate concentration,
HR = heart rate, ST = Stroke Time
*p<0.05, ** p<0.01 (Day3@1350m)
T <0.05 T p<0.01 (Dayl3@1350m)
t p<0.05 ff p<0.01 (Day7@1950m)
§ p<0.05 8§ p<0.01 (Dayl3@1950m)

X7 s (20124F) BL O N L —=2 2 (20134E) 2BV BIkGEE (V) 12x3 5 i fLEg
HpEE (Bla), A% (HR) BLUA bu—2 %424 (ST) OEH

M, MAT-Dayl6D4E3 -ty F&fdty FBLUHEA Ly FEHESLy PEDOBTHY, i
Nbty MEARZLEREPro7 (8, W7). %8B, WEHMOHRIZOWTIE, KHET
IHEADVBED LN oT (F8).

ST 2B B MEkIKE v NHOEIZOWTASE, LAT2-Dayb T3 3ty M4ty b
(p<0.01) BXUOE 4ty FeES5ELy bR (p<0.01), LAT2-Dayl5Tid&E 3£ v b
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L4ty PO (p<0.01), MAT-Day7TidsE 2ty &3ty b (p<0.05) BXU
B3ty befEdty bR (p<0.05), MAT-Dayl6TldsE 4ty MEESEY M LD
(p<0.05) WCZENZETNERLESHAON, bty MAMEALZTE»-7 (£, 7).
—J, WEAMODHEIZOWTIE, 621y MIBWT, LAT2-Day6d X N LAT2-Dayl5& 1)
b MAT-Day7THE (p<0.058X U p<0.01) ZHWSTA, 72, H4ty MIBWT,
MAT-Day7& ) & MAT-Dayl6 THE (p<0.05) IZRWST2VREN Tz (£8).

B8 I2ix, # 2 TIThNZILCT 22 0E M E N2V, . BLI OV, AREINTW S, ol
FEHIZBWTH V, &)V WHE (p<0.0) IZKk&do7z (£8, M8). —F, V,,BLU
Vol BT 2MEH B OZEIIOWTIE, MAT THONIMEDS LAT20ZN1 5 X ) b BHZE I
RENBMMICH 7. T74bE, MAT-Day7Tid, V,,BL OV, Offhd, LAT2-Day6d
L O LAT2-Dayl5l2f3 SN lICl L THE (p<0.01) (W AR Sz (K8, M8).
—Ji, MAT-Dayl6 T, V,,la2WTIFLAT2-Day6lihf LTOAR, 72, V, Ic W TIFLAT2
-Day6# & ' LAT2-Dayl5O B IZx L THE (p<0.05) 1T lidvRr&hTwiz (K8,
X8). ¥, LAT2-Dayb& LAT2-Dayl5OTl&, V,; V, DATHIZOWTHIZIZFEBEOMH
ARENTW (%8, [M8). 7/, MAT-Day7: MAT-Dayl6k ORIZDOVTHAL &, fif
NOMBIGHHAT7THH XD EWHEIRSNDMEINIH - 7205, HEETRDLNRro7:
(%8, X3).

91%, #fE2 THHONIZILCT 2 58 S/ ST@V, B LU ST@V, Z/RL72bDTH
5. WEBMOZEIZOWTIE, MhOlEHIZBWTY ST@V, &k ) ST@V, A4 (p<0.01)
o7z (28, M9). —7, IHoOZEHOWUEHBOAEIZOWTIE, MAT-Day7i28

LAT2-Day6
LAT2-Dayl5
165 = MAT-Day7
MAT-Dayl6
1.60 +
o
%
~ o
E 1.55
~ 150 |
145 o
0.00

V2.5 V4.0
* p<0.05 * p<0.0I, t p<0.01 (vs V,.)

8 HEEHL (20124F) BIUOEM ML —= 72 (20134F) B35 VB LUV, OZE)
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250 1 5 * - O LAT2-Day6
,*—‘ [— O LAT2-Dayl5
200 = i ] MAT—Day7
- T T m MAT-Daylé
‘M 1
e
2 150 o
o
&
e 100 1
wv
050 =
0.00

ST@Vzs ST@Vio
*p<0.05 ** p<0.01, ¥ p<0.0I (vs ST@V-2.5)

9 #EEH (20124F) BX UM L —=2 7 (20134F) 128175 V. 1iBlED ST (ST@V,;)
BLUV, MBI ST (ST@V,,) OZEH)

W, MZE#E S, LAT2-Day6B X ' LAT2-Day150M )7 & LR THEIZEWEAVRENT
W7z (%8, K9).

3-2-2 LAT2H KU MAT ICH T 2 REFFOENRMELFRIFIE
9L, A 2ITBVTHEMS NIz Sp0, B LUPR, & 51213 SpO,/PR DHlEHD S5 57z

x9 dEREH (20124) BLOEM L —=72 (20134) 125155 Sp0O,, PR B & U Sp0,/PR DZEH)

Pre Day 2 Day 3 Day 4 Day 5 Day 6 Day 8 Day 9

SpO, LAT2 97.75+0.39 9650‘:1.00“} 952510.39“} 95.50£0.77" 95.75+0.97" 95.75+0.74™ 95.7510,39“J 96.0011,10“J
i i i i
(%) MAT 97.50%0.45 93.00+0.894 93.50+1.00"- 94.50+0.45" 94.25+0.39™ 94.75+0.74™ 94.25+0.39"+ 94.50+0.45™

PR LATZ 56.25+2.71 53.00+6.26 56.75+3.06 53.25%£5.38 52.75%6.24 55.75+7.41 54.50%7.11 55.00+3.90
(beats/min)  MAT 58.00+6.07 55.50+10.78  57.25+7.36 53.25%4.53 50.50%3.71 54.75+5.45 54.50%5.88 54.50£2.57

LAT2 1.74+0.08 1.85%0.22 1.68=0.09 1.81+0.17  1.84+0.19  1.76%0.23  1.79%0.22 1.76+0.12

SpO/PR
P MAT 1.70%£0.17 1.74%0.28 1.66+0.18 1.79+0.13  1.88+0.14  1.75%0.17  1.76%0.19 1.74£0.09

Day 11 Day 13 Day 16 Day 17 Day 19 Day 21 Day 23 Day 25

SpO, LAT2 96.00+0.63" 96.00£0.63"  96.00+0.00™7  96.00+1.26™ 96.00+0.63™ 96.25+0.39"

2 i i
(%) MAT 94.75+0.39" 94.75£0.97"  95.00%0.00 95.25%0.39" 95.00+0.63" 94.50+1.00" 95.00+0.89" 95.00+1.10
PR LAT2 54.25+5.15 53.50£4.587  56.75+4.44 57.50+10.84 56.75+8.52 54.75%6.55

. i
(beats/min) ~ MAT 61.50%3.13 56.75+4.7 52.00£5.18 56.00£6.23 58.50+2.05 53.00+2.61 54.50+4.22 58.50+4.49

LATZ2 1.79+0.18 1.81‘:0.13] 1.70+0.14 1.74+0.30  1.74%0.26  1.79%0.22
ot

Sp0, /PR
: MAT  1.55%0.08 1.68=0.1 1.85%0.21 1.73£0.21  1.63+0.05  1.79+0.11  1.76=0.12 1.64+0.14

Values are means = SD. SpOf percutaneous oxygen LATuration, PR = pulse rate
** indicates significant difference from Pre (p <0.01)

* indicates significant difference from Day2 (p <0.05)

T indicates significant difference between LATZ2 and MAT (p <0.05)

T indicates significant difference between LATZ2 and MAT (p <0.0I)
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99.00 A ik

98.00 A

97.00 A

96.00 -

(%)

95.00 A

Sp02

9400 A

93.00 A

000 —

Pre Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day
2 3 4 5 6 8 9 11 13 16 17 19 21 23 25

* indicates significant difference among days (p <0.05)

** indicates significant difference among days (p <0.01I)

T indicates significant difference between altitude (p <0.05)

10 d#EmH (20124F) BLUOEHL N L —=2 7 (20134F) 1281 % %R SpO, DA H)

WRE L DTHE. 72, 09 H SpO,OEFIOWTORA, HMIOZHRL 7.
LAT2H B A FLk S 72 SpOIZ DT, g H B TEALAVI S CIZIZFBOE VR S,
NS ofEiE, LAT254G 2 HENCHE S L T, M b AR (p<0.01) (2o 72
(%9, X10). MATME L, MAORERICBWTD, 202 0w EWEERE Tl
EENBEICHLTHE (2 ~130B X UH21H ;p<0.01, 416, 17, 19, 2338 X U241 ;
p<0.01) 1MW SpO, 2 /RSN TWw7z (F£9, X10). MAT HIHH o SpO,DZE B I ILHRIYK
&L, BB ITRWEAVRENTZE 2 HOORAICE T o TIT K IIR SN, Zoi, 5§17
Ho SpO,i&, MAT MDA TH -7 2 H B L THEICHE -7 (9, KI10).
5, SpOIZ B BIRFEIEHEBREM D22V TIE, £/ MAT 2B W TREAR &
NBBEMICH 7. 2o h, SMEME252H, 3H, 8H, 9H, 11HB X U16H Rk
i, AEE (p<0.05) REHSN (9, KI10).

PR £ U°SpO,/PR 2 BIF BRI HE A b O Z B> W Tk, W TR
AREN. Thbb, PRBLUSpO,/PRIZOVTIE, AEMEThDAL ST, ArEbaGh
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DEIZOWTHEEM T & FEEDOMHEATRE N T W2 (£9). T2, INHOEHKICBIT A
JEARER ZBRE M ORI OV Tid, AmEE» 5 13HGERREOA, LAT2E MAT B CTHEE L
ERAR LN (F£9).

4. # =S

AEFFED HE, S3HBEPEL, o, BHL NV EBw—{BEkET 2R E L TEES
NS - S b L —= 0 VBB VT, FIHICER SN — 7T A P2 56HE5
NI2TF =8 % $562 LT, BKETFOWREREE ML —=7IZBF5 L —=7 70
TIAVFRIIET M RMTHI L THo72. Thbb, &9, MK E1365m OHE i
MU=V IEIERC, B =TT A ML TRONZT =555, UHAEA S A
BHICTTED LI ITEBT 52, Matxir) 2& T, #EEH L —= > 7RO 0k
SEMIH R BB R D E W b L — = v T ORGRIICE T 2 E 8217 o720 WIS, WS X
DEV, WHhWLEH N —= 2 7B ML OB EM IO T, i EE1950m O
WhL—= Y VEERICER LAY — 7T A MOTF =5 2SN L —= v FREOZN S
LIRS AHZ LT, MEEMNA 7.

41 EEZHMANL—ZCJICBUBIBI—TTARNDRERPSHEL—Z2TRE
AR TRM LA ¥ 5=\ L —= 2 ZPRROIER S — 77 A F TR, s OmMHE
RRBIECATA 720, TOWRELREETIKS I EREHEE VL b, £, ILCT Ko
Ty MEOFEEKEEE (V) &, mATEHTHLE 1Ly brogE4Ly T, WEHM

BIEFA—DlTH-7 (6, M3). TOLIHILCT »5E XM ENTV, 13, OBLA X
4§ 2GRS, $72, V,d LT ISHINT 2icREZRT b0 TH Y, ki), &bt
FEAIKBE I OFEEL LTHUD ) S EDSWRETH S, 2F D, V,, BIUV,iE, bhvbha)s
MHLTW2 ML=y 7T =" OZNZNEN2B L O ENT ICHINS T 28 & W2 5.
BN L= 7O OBLIC BV TR, -y S ORPEEMI ZLESH LY
2, Voo BIOV2RLTEBLZEIE, M —ory ZRmERRETAZOOHEE LTH
WTHMTHDEELS.

M N L — = v VS ETEBIAD S 3 HRIAT 5 2 ILCT OV, B XUV, 43, FHHERY o
IR TIREZ RIS H > 72 b 00, HEAEZRO O Lho72 (£6, M4). ok
EDOST@V,,BLUST@V, ;&4 5 &, FHIZIEKL TENIEY v F THRWTWAHITIZ
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57275, Pre-LATIHf & LAT1-Day3if & ORMICHE A& IZADN -7 (F6, M5). %
7o, WEH ML —= 2 7RG S 7T HIEDRETIX, o oM d FihiEmi & 1212
BROKHEICHIE L T/ (%6, M4, M5). LLEORIE, SHERA L ERBERETHh
3, BB S 3 HEEEKIZIE, OBLAME T TO ML —= ¥ 7 & i & FKAETIHEET %
ZEDNTEDWMELZRIET25DTHS.

LaL, 1ty MEOATPHEROERZMPAL 2B L, LallonTid, F4ty bofi
7%, LAT1-Day3li BB TOAAEICH S RENT W (£6). ILCTDOHE 4Ly TR, F
TSRz & H S N7 P HIZ BT 5 OBLA MM OKEE Tk & AR LTz, F0E, &
4ty FETHRDLald, LAT1-Day3Z < $XTOMWEHIZBWT, (FITOBLA L A%
ENTEXBETH o7 (£6). THISKH L LATI-Day3ic313 5 Lald, W 552 OBLA % i
Z B EEHRE (6.06=1.57mmol/L) 2% - TWiz (£6). RSO, S, Mk b L —
V7B 3 HRISEHOAEE S — 77 A M HENE 72 OBLA MY OBHRET ML —=
YTERATIHEICE, BHLTWS XD b HRICH R 2AME 2o TLE ) RITEESD
EThHrH). 61T, H4ty MEOST AL E, LATI-Day3icB W CToMER L0 4
HIRWEAVRENTEB Y (3£6), WERBERE T CieShk#ETo L —=v 7%
SERT BT2OI, KEDT Y AREZEFE L) HEOTWL, o, RRIBEFHEZER 5k
HETHKSY, A E— 7 BEAZICETT L2 L MESNTWws . LATI-Day3Ti, 4
4ty b OREEDH S A2 OBLA 2B 2 EE)IRE L 2o THY, LATHIREFKICA b
— IV REMIFT LI ENTERLRY, KEELZHFT 272013 EDT Y Rl L) b
HOLLENELIZEEZOND. THOOHRENDS, Fib L —= 2 7N, KEED
BB E, PHEA NI = XA AP RG> TLE) WTRREDVDH L Z L 2ZRICANT
==Y T ERATILENDHS .

T — P UNVOBKGET 2R E LR b L— = > T AT T, ik
1280m O EALEE R IEFE D S 3 HEMEEIC, FHTLa£%.0mmol/L &7 5 X 9 ZiE@ikE T
400m ik 24T HE D L, LaBHFICEWE (11.13+2.31mmol/L) /R L, BB AT
EINTWE, £/, TOEMTMETE, R ML —= 7 3HEIZBIT SV, 25T
HARTHEIZELS, S512E VIl THPHIRHICIL L TH B EAVR S 7z 2 & 3l
SNTW2". AL ZOHATHIE L ORMIZA SN HREOEE, WHLABRY— 77 A
FOKFERXHDEEZLNL. Tbb, FHATHIZETIZ400m vk % Wi ok 2T 4 Wl g2 fti 4
5270 bINTHo72DIIHFL, RHETIE DL —= v 7O THRH SN HENE, K
B2 &8 4 x100m OFBGEE % 5ty PEBS LI LX), MPFLEED, 5 Az Bk
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AR RV KIECHEN I NbDLEZ LN,

VD EOHRBIUCHRZEZE R GbED L, RN —= Y M2 S 3 HEGERERO M L
—Z V7BV TE, 50m %100m & o 7z HEEEA O BBk 2 KB OREICHE L 225
TurI7Ivs$AIET, MEGAMEFKICEZ S LR, LT X OBLA S OfK5HREE
SHSFEDO N —= PR EF UREE CEMT 2 Z &ML 25 THAH. 2L,
WEERRY, EEFRERA VNI =7 AN ADTEZF Y ¥ FEITV, BER$ 5EEHE T b
L=V BTETVLD, Ty 7 LTV IEPEELRST.

KIC, EEH L —= Y TOERIED b L —= ¥ ZRBREICOW TR 22 2. ILCT
oKLy ME, WAENKRTIT) 4 X100m DA ¥ F =NV hL—=r 7L LTw5h,
DEEOVELaDE =R T A2 LT, RERREICI 208 e LOBREZITTWS
DD, WETLHIEDTREE 5.

LAT1-Day7Tid, 5%ty MIBIFS VA Pre-LATLE (ZIZFAHETH Y, La, HRB L
STIZOWTHFHRDHEATRENT W (%6). F72, LAT1-Dayl3Tld, FEEIRDLN
Rdrolzb DD, Pre-LATI (p =0.197) 3 X LATI-Day7 (p =0.248) 12 L CHED T
WV THIBkE Y F 22T (6). 2OEEDLallonTAbSE, LATI-Dayl3Tla,
LATI-Day7i2 bt LTRR@m D o7 (p=0.238: %£6) Z&hb, #Eh L —= > 7 BB,
SI3HAMETIE, #EEHMBRBEICBVTI ) EVEERETIKS I EATEL L), #EELT
WTTREEDSSE Z N A, TORICDE, Ogita O, BIKEFEL TR L LREKESE ML
—Z VT OMRIIOVTIRE L, X DEEEEOS ML —= 7 E D, RRKBEMEAHEE
BT A L AHE LT, AT, MmN L —= Y IS 9 HED DI E
STE2MIBWT, BEORmW L —=r2 (EN3~AN2) OE/BOEAEEmbdz (£3)
LIk, ILCT OmRLIIIRIFIZ X ) Sl FLEEAE S b KEF THE 5T 5
ENTELOND LI, 5%, EEili L —=Y ZICBI2EBEN L —= Y ZOTED )
WZOWTHEHT 57200, X )FMEEREZIUEL TWLErH L7259,

4-2 BEHMNL—ZCTICBTRHBI—T T A NORERPSHEZMNL—Z2T0E
AREOHRE 2 TI&, FA—ORRED, 1EROBKNL—=2 77075 2BV TIH—
OWEINCFE N L 728w b L —= > 7 (iEdk1365m ; 20124F) & b L —=> 2 (i#§45%1950m ;
20134F) B ILCT O RA B L7z, SEOERENIE 1 FR 2> Tn2bon, ZhZh
OEREMIRSE b L — = > VG OV HBHHEM L LRy — 7 7 X P ORR (RIERE
B 2H~NBE, V,, (1.58+£0.03m/sec vs.1.58+0.03m/sec), VOE—271H (1.68=0.04m/
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sec vs.1.68 £ 0.02m/sec) B L O'La ® ¥— 7 fli (11.69 = 2.50 mmlol/L vs.11.59 = 1.86
mmlol/L) \ZHEZRZZ %L, WETIEERKEOMEZRL. 20720, FUHEEAOILCT
DF—=FIZONVT, LAT2E MAT B THIET 22 LIEAMTHLEHEZ D, TOHIZDNT
&, F—EEEENRE L, BRA2EETIHDONZABY — 77 A M 2 WSS ETDH
52 EICEANE, AREERPRIETEZLEEZD. BT, LAT2O07—2122o0nwT, K
ALTw&E2z.

ILCTIZBIFAHATHRTHLE LY b2SHA4Ly FETOVEALE, LAT2TITbh
7227 AT, MRS FEEOHEIRENTBY, RRENKTHLHE5 1y MIOWT
LIZIZFEAEDMEATR SN T Wz (K8, W7). /2, LaB XU STIZH VTS LAT2-Dayb
L LAT2-Dayl5B CHERZZRO LMY, 512V, V,, ST@V,BLUST@V, &>
TZUKEEI OFHME S LAT2IC BT 2 MEHE THEEAIAON o7z (K8, K8, H9).
A2 Tl RN L — = ZBERTOME R T Tdwawngs, k1 TR
AL, LAT2BMGA S 6 HfE#kI2I1E, EEBERBEICIZIZEAICHMLTBY, FiE
KED ML —= v FRET DI EBTREICR > TV zEEZ LN,

KIZ, MATIZBITBHMLOREEIZOWT, BETE2MA T 2 e 35, MAT THEfL 72
2D ILCT OFREREZ KL TALE, E31y FBIUHE4 Ly MEOV (p<0.01) & La
(p<0.05) 25& HICI6HH CTHBEICMIREIN TV ($£8). F72, 41y MIBIFAST
5, MAT-DaylbllBWTHREICHIREN TV, IRHOHIZO VT, Sl —=>
77T HHDILCT 232 DK EE TIT ) D THOILCT Th o 72720, MEEDRE SN0k
TS LI MFIE DR, BRENE LTEBEEICRE ko7 E 2 oMb, $72, 16
HETIZ7THHOT A MZBIT2FHN G EOZORLEPIHEHTH ), XR—2A 202 Tk
WTLE oM, BELZZSALLDHESRY, LadbRDIIRINTzDTHA).

Vos Vi ST@V, ;8 XU ST@V, SO ikAES) ORI > Tid, MAT-Dayl6iZWnC
MAT-Day7 & ) b S\ EAVR SN L @IS - 7245, WllE HEICHEEEASN R ho 72
(#8, M8, M9). 7z, LAT2: MAT OZh 2BV, &MEBlh7 50 HEA 3T
U Td % LAT2-Day6 MAT-Day7H®7%122WTa b E, La (B 1ty bk :p<0.05 #2
v b :p<0.0l, 853+t b :p<0.01), STEE 2+ b :p<0.05), V,; (p<0.01), V,,
(p<0.01), ST@V,; (p<0.01) BLUST@V,, (p<0.01) BV THEENRD LN
(£8, K8, KM9). ThbHoffRiE, ESHBRETIE, EEBEBRICHLT, FRFIGRL
AR ARE , &l s L —= > ZHME2 5 7 HEROR R TIE, FA B A T
WPl xRTHOTHS. T L, MAT-Dayl6& LAT2-Dayls& %t~ 23 &,
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WEHBOFEENBDSONTZZDEV, DA TH-7: (p<0.01). TNSHOHHIE, MAT-
Dayl6iZ BTk, ko jkig) OFHMEMED W EDBEINCH o722 L2RRTLHEDE VR D,
72, Vis Vi ST@V,; 8 X UST@V, 22T, MAT-Day7#%*% MAT-Dayl6i2%>3 TD
EB M EAM A THRIZE EIL, TRTOFREFEIIBNT, HOYHEIREN T, Ihb
DORERDS, @ L —= Y FRE»H16H%TIE, 7 HRRICHTHHEA A 72 &l LT
ELFERBVWEEZONRD.

72721, MATIZBWT, B b L—=V BB H16HES>TH, V,; BLUV, 25 LAT
WL TRV H - 722 L2 E 2 5L, EN2UTOKBRE~HEED ML —= v 7 %179
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