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Title: Low-Intensity Running Exercise Combined with Blood Flow
Restriction on Muscle Tissue Oxygen Saturation and Hormone
Responses

Abstract:

Purpose: This study investigated the effects of low-intensity running exercise combined with blood flow restriction (RE-BFR)
on muscle tissue oxygen saturation and hormone responses in athletes. Methods: Twenty endurance-trained male athletes were
pair-matched by VO.max and training history, and randomly assigned to either: (1) running exercise (50% HRR, 3 min x 5 sets, 1
min rest interval) with BFR (occlusion pressure: 153.8 mmHg) group (RE-BFR), or (2) running exercise (50% HRR) only group
(RE). Results: RE-BFR group elicited significantly greater decreases in tissue oxygenation index (79.3% vs. 93.4% TOI, p <.05),
and increases in heart rate (160.8 vs. 141.5 bpm, p < .05) as well as RPE (15.8 vs. 9.5, p < .05) than RE group during exercise. RE-
BFR elicited significant higher in blood lactate (5.3 vs. 1.4 mmol/L, p < .05) than RE group after exercise. Moreover, RE-BFR
elicited significant increases in cortisol concentration (p < .05) at 15 min post-exercise, but not in testosterone concentration.
Conclusion: low-intensity running exercise combined with blood flow restriction results in increases in thigh muscle hypoxia and

metabolic stress. However it did not present any beneficial effects on anabolic hormone response in endurance athletes.

Keywords: blood lactate; testosterone; cortisol; tissue oxygenation index



ournal of Exercise Physiology and Fitness 3 of 13
] ystology

L PR

B HY (running exercise, RE) 2R RELEE) E% RATHEY 7=, HNUASHELBIEAS - (EREIH 15
LB BRAIREEER (1,2) ARSI RIRE - R AmS) » HEAEACRIINT - FIRMERIEAISE (high intensity
interval training, HIIT) 47 USRI OAIHAE - SAERAERINEE - B ol REMAEEIRE (-5) - [WHERN

I EBIES (S (A B - (AW IR IR R » I B AR B T B S AR
SERE HRTHAO TR (6-8) « 24T - ABMAIBIFL BT B (5 5 FE TR (cortisol) HI53IL » IFTIAH BRI
(testosterone) ATREIET} » HEMESMEBYRE I EAIGHARR O-11) - FBE » HHR TSR 100%FAHE &
(VOxmax) HGMBEEREATE - BN —RERA  EERUSGESETTE > v —EAvEE S HEs - Bt - ST — 1
R ~ ECSHR REA AT BN )7 DL U DB SR ~ HILPATER 51 2 L PSR PR AR IR - R T B
PRI £ -

BEL 7l 464 5 7P (blood flow restriction, BER) R NIBERSE 2R T8 (BT SRR (HERDH
BEVBIEEER ) FTAEFTAOMEE) « 1 EI A% Sato FFTEED + SRRy KAATSU 3l (12, 13) - SeATHIBHSE B30 REV )/
S ST - 5 BRI A RATI - MFLAE (blood lactate, BLa) ZUBTRARHLEL (phosphocreatine) 7l
IR » BN AKEAE T 1118 1V 26URL > RS HAAEEES) (neural drive) SBEIRLATIASE » o S3RRMTHLS
SR BIFTEA STHLE I (eleotromyogram) BRFHHE ) B ST RE MY R L1 ARSI/ A ELFAES [REATALIA
BRI ARG EOER  EEEBET (14-17) - JE5N - (RIS A RIS - TR R Y
/NBBRIL AT 4R ATRIREER pH (8 - BRI FHE MR 404 RNR BRSO T &
BLIEH (18-20) - 24T - SRR EIENIIRIZ: 2 BbRs I BBl ) B B 1y - A0 BB AS SRR 77
TSR AR A2 - P - AR R S S S LR - A0S 038 . Lo R EAIE) L e B
S5 R CBSIRIE IR » HBN DA SAE TSI - AR B HLAZE TR S LA - L
SR STHTHOR » BRI I AR

HENIE - AWFEHIRTEE RN E B4 & MU R o] B 5 i TR A BB 268 - P e E
WE 1% A3 T ERHL T B (21) » 2RI - SR RN SRRV TS - A SUEE)AE & MR IR R A ah 2 i o 2
HE) BN RE > R RGBT E b RSN E - 2505RF% - NIt > AT HEE - SRR
FEREP MBS & R PR AU DA E S SRV A AH SR AR ~ 2RI S E IR & - R s B T 1%t
{EANISRAT 2 (R -



ournal of Exercise Physiology and Fitness 4 of 13
] ystology

2. J3ik
2.1 WgTSe

KHZEAEE: 20 HRFFBIEMAVER) S - AERHRF BFl 21.6 222 5% > BE 177.6+£6.8 77 B8H 69.0+6.1
ST L IFNER 7.0 + 2.0 £ > FAHREE 62.3 + 5.1 ml/kg/min - Y4EMER 121.6 + 5.0 mmHg - ZHEHGARRA: © (1)
W 18 RSB IEEE & - HEA 3 LB D ShetEs (/BT A =TET  BAAET ) Q) BAEE
> 55 ml/kg/min ; (3) FEMED ML (ZEAHMEE >130/80 mmHg) ~ /U EFRIE S MERRR S o ABFEaEET 2 AT EE A2 b
FfmEE EGHE LB - FTAZRE SN 2EATENGERE | BRFEN  SEAEE - FEAERITEEZH
HEES T o (RN TRGEE G ECH - N ERHRARIEY - HEasE -

2.2 HERRG

AW AR R R S A S A PR A i D A B S RN NS AR R BRI ~ SEEIRREL B RRAY 2% - 24 15

II

RSB Z6lE  (RPER T 2R EERES BT #ERNEHER )  BECHRI S RE RS REE
RE LR > TTEW AR 20 2525l - RIBR AR A BRI EERICE 40 % © (1) P ESESIIRRTE (RE-
BFR;n=10) ; (2) HePE@pmmumiRFIE (RE; n=10) - IEsUESRIIHIFTA 23\ E S E S n SLES) Ol R Lper - EHE
FEEFAE (rating of perceived exertion, RPE) ERfJLASHARSABEAIE © fEREDEENAT ~ MBI SHEIM LN - FEHESIAT - HE)
1% 15 oy B 24 /NRFAC 3% S2 SR B A R S QI — - AWTSTE R B E B itk 8:00 2= F 12:00 - M7 5
FRIEE SRR 48 /NIFERE AL R RIZEE) -

2.3 HERE
23.1 g EH)

P 2 ST 15 57 BB M) - B MBI 7y SO%(RE LBk (heart rate reserve, HRR) » a5 Bl 77
T 3 SYSETAGBEY © SARRE 1535 - 35 4L (7, 21) YRS PRI (COS10198, hip/cosmos, Germany)
E5ER - AFSEREOBEE (HRR) S50 AR SMERHIR  HIEALBER (maximal heart rate, HRmax) £

HE-ZFF LB -

2.3.2 PR



Journal of Exercise Physiology and Fitness 5 of 13

IR A A AT (CK-113, Spirit, Taiwan) fZACIEAT: (67.5 cm x 14.2 cm) BIIRFELZENNEAREE - MIBERER{L RyiZ it
FEERIORHE E4% (RRRESFEEIR) - DB B TR U 4AImER (systolic blood pressure, SBP) ZeA#{EZRLL 1.3 {% » [LfIER
T ] BEE [ SO0 BRI & » R/ V3% SRABREEET HHY R (22, 23) - B P EBhsE S MU PRAI4E - PR Eb E s =
FEHETTRBRINER > fOBERESE By 153.8 £ 6.6 mmHg » ARANEARFRE] £y 19.5 £ 0.2 73 - FFIULARIRGIEER B F[F—bI5E A2 #h

17 I (S E (intra-class correlation coefficient, ICC) &y .86 o

2.33 NBGHIEER
AN IEXE R 18 > e E#Eei&EsT (Jenix DS-102, Dong Sang Jenix Co., Ltd., South Korea) SHIEF5 %%
SE S s E DI BUEE 2 5 BhifiBEE T (HEM-7000-C1, OMRON healthcare Co., Ltd., Japan) JHIE 5t 55 M BE -

HIERTZLAMRE 15 8L E o ECEk 2 ZOMERYTE9ME -

234 HAWEE

ABFZELL Vmax BEE(CHI 2% (Vmax29, SensorMedics Corporation, USA) $&FEC [ HII5H (COS10198, h/p/cosmos,

Germany) i Bruce protocol » & ffr 2 st & T & ESAIEE - LIEFE R A RE B R OPERENE - R RREEH

TEREREATT - /AT G 2 TR - A BEERIR WA R (7) (1) EEaEnin  MEES0LHRRARIEN : (2) RPE

KL 17 5 (3) LBk 90%E A LBRTEMIE - 5HRARy © 220—4FH; © (4) HHRACHARRRL 1.1 -

2.35 HLASHARSEREFIE

REFELAT IG5 (near-infrared spectroscopy, NIRS; PortaLite, Artinis Medical Systems, The Netherlands) > 3 &
Zal B G MRS MATAIL — FILASH 4R BRI - AL LLSHAR A S FE%L (tissue oxygenation index, TOI) Fow » TOI 5HEATS © &
&Im&TLZE (oxyhemoglobin) + 442 (total hemoglobin) x 100% - EEgHAR NIRS FE a5 EEHUHAE fy 50Hz - [E1% DL 10Hz
B - 3l L Oxysoft #i#8 (Artinis Medical Systems) #EfTEUEIIHT (24) - AT Zad & B A EEIFTHIE 10 Sr48%7
FRE R B AR A SR N AHER E BRI < ABHFELAZAHE TOI fERyAEdE (100%TOl) - b i BHAfH Y TOI
BUBRR DA ZAHE » TR LIVEIE 25 (25) -

2.3.6 fHTRAZE



ournal of Exercise Physiology and Fitness 6 of 13
] ystology

A7 LEER e ey o iiE (chemiluminescence immunoassay) =52 5% 52 G R DU EER S Lok T e 7y
74 (chemiluminescence microparticle immunoassay) =Pk F7E RS - FAYERMEEE &5 F 8:00~10:00 5257 » WHE
TR R R s\ I E A I RIAFARI - FRERIMET 6ml > (UREEERT 24 /NEER Al Ef TRIZIGESS - SREUHE Sk -
AI—HEBH R 8 /NEF LA EAYEE B o MR EREENF ARG R B0 i Bl ~ A Eh{& 15 Sy 8Bl 24 /NI o ARHFSE DAZeHsHE 52 [l B R

EEEITRIVE R AE (100%) - RHEEBR AT S BURPR A2 AHE - TR BER 234 -

2.3.7 [MAHE
AWZE LA AL 5347 (Lactate Pro™, KDK Corporation, Japan) Ei[f #fgst4% (Lactate Pro™ Test Strip) 437 st

RN MmAMm A RIS - (R EREE 8L Ry b i i L Eh 1% 3 778 -

238 LpPREUEF HEER
AW LLLBEE (Polar RSB00CX, Polar Electro Oy, Finland) Hili#H & &% (RPE; 6~20 point scale) » SF24C 575

FAERA R BN R b S SRRy QbR Bl S 5 25 TR -

2.4 sttt

AWFFEFFSIHERL » DL SPSS 17.0 45T EAHRESE RIHETT DL NV T 07 » TS AVEUR B DO (M) Fefietess
(SD) Rttt « DUBIIEEA t e i 2 B A A B B e - DUR AT “HF S RET - FRIlN
SHARABEAITE - IFLNE - SEENHSL ERIHAC A « B2 A (7 TS /KHERE - AIIDL Bonferroni 7T % Ry
T o AWFFEHEYEEE KR > By a=.05 -

3. &R
31 EAELAER
RE-BFR 4161 RE 413025 R/ UEB) £ - 1 BRI  HIR BRI A SR - T4 2 P B s o

F (p>.05) > qFK— -

3.2 BV iEESRE
RE-BFR %051 RE 4H(YRE0 3 E) 5885 B (0 50%HRR AYAHBIERE - RIELRED S W4~ AR 252 (p > .05) - 24
ifi » RE-BFR &H7ERs5 A BRI T ARR MR PR H] - KL RE-BFR B9.00Bk%EL RPE By = RE 40 (p<.05) » #158— ©

6



Journal of Exercise Physiology and Fitness 7 of 13

3.3 HlAAH&kE RIS
BT BN AR TOI (EAC G /R (p<.05) » MEfTERAE ESUSURMT » (ERF MR 751 - RE-BFR 4HEYRE #EE)
Wi TOI B » SRR (RSN ZR#E (p<.05) - REAh - fEAHAIA T J51H - RE-BFR 40K TOI{H » EPEAE{RFY RE 4 (i

HEENHAR > F=95.98—19.92, p < .05 ; 4H[E{REHAM > F=8.63—-6.22,p<.05) > #[&E— -

3.4 [MmAM
BT BRI AR O ERER (p<.05) @ AETTELAT ERECR T - AERFHIA T 51 > RE-BFR 4181 RE 4HHY##HE)
TR PR S S BN AT (p<.05) - bAh - AEAHRIR T J51A - EEH RIS RS - RE-BFR 4H8E =1 RE 4 (F=46.61,

p <.05) > AlfE= -

3.5 =[E[H
PP SN & EEFEAC A F R ERE (p > .05)  METEZRERIT > ISR TEEEER (p > .05) > 4N T iEs

FA2F (p>.05) - Ay

3.6 [ERE
BP S & A R O AR (p <.05) - MEfTRRATEZRER I - FERF RN T T s E 2252 (p>.05) - fh5h

FEAHRINTJ71H > RE-BFR 4HHVAES)% 15 7> i ARG EE Sk RE 4 (F=5.24, p < .05) » 4E T -

4. 5Fm

AIFe4E REUNEIREHIT EEAE S VR IRH] (RE-BFR) R TR(KIN AL ES) S HIA AR E BRI - (28 38
A7 PEEAAREH R ) - AVEBHARLOBRE - EE)H A2 B RERTT - DUCES R AR BEEE - 141 > RE-BFR EEHSE
GBI - REE) R (AR B R SRR T RE R R - Hh S B IHRE E B (% 24 /NF o R -

TEREA B 50 % J7 1 » RE-BFR B RE 4H B (1 S0%(RER PR IH S0 SR T BR - DNIL I AH ARG S (9.8
vs. 9.7 km/hr) fEEEE = - ZR1 RE-BFR 4HAY.0MPER (160.8 vs. 141.5 bpm) B RPE (15.8 vs. 9.5) Z54= il 7 FEEEZ = RE

4 - MHBEEINTFERUR A B S T B4 S MR PR - (e i A\ Ba A B R FERY mTRER A &y - IR PR A E EEFARILIR B T -



Journal of Exercise Physiology and Fitness 8 of 13

o DR AT BT BL ORI - IR ABSRE OB B BR PR AU - DIAERF IR R Y A RE A RE B U R (15, 23,
26) ° L5 - $24T 13,000 425 EHHIVGE T ERHEUNEGRE A EVIE T EB S SRR - BEARAE I 4 & S e A R Y
ALAEARA BRI e - B RAVEIER Ry - DIERERALAY K T Hif 13% ~ B EPRARIRL 1.3% ~ AH§&E 1 0.3% ~F#Akinfe 0.06%
ERRSUUSIRIE 0.008%%F (12, 27) - [Nt - FEMUARIRFHER(EAHRE | E RN Bz AR S B 2 S B AV A B > 20 (AT
AEHFEIREL > EIZEMS () > W45 T 25 IdE -

EE—ZHVE - AUTTERE H TS — R e o R B EhAS S R PR D AL L A S A BN FE Y 2
FeRTHMURIRFIMHRART 5T > EEEEAEIH /S T Bt - B0 Takada % (2012) S2EAUNTFERUNERREH T ESIE &
IR > o] B (T e B R B T NIRH AR SR B E - A3 4Tt > A0 REHALA pH {EBLRRRHLRORE
W o S (e R A AL AR 5 - AR eSS REUR AR (K58 EHY RE-BFR 4H5 E MRS E S5 BT R Y 2% -
FHEEHER RE-BFR 4Ha S 40 &R S5 8 N o5 Tk @SR e e R AR (e - E IR M AR T Y AT REIN R -

FERTFSE T > @RI BN RO ST EE) (20 -30% R AMER— K ANE) SRRk - &
ARG TETT R EDRIE - (HRERA M AL RS B R R LR T - MRS R 2 /NRF IR 2 B Z24%(E (15, 19, 28) -
AHt5eaE RE-BFR 81 RE $HE3#Hh1& 15 70 - SEEEDRE SA LavEss » [ERESET ERIBIE R > WAEESNR 24
INFFRAE 2 IEEN T ZEAHE © RS - RE-BFR dH{EEEh{% 15 /8 » fYERRREEE & RE 4 - WNESHR 24 /NGEE T
Vo ZRIMAT AT e B8 TS TP oR I & H) (T0%— KA A ) Sa MR - AIEE T HE LR
A S2 ] e L £ B SRR L > Il s R o A e B S 3 A B SR FE LR IR T AV R B SE ISR (29, 30) - [AIBE -
EEH SRR ARRE TR AT R E MR ST AT RE N R I > BN & A B BRI BT
BN - B A MRS YR B2 AR (19, 31) - AHRARVIIFEBUR ARG TEER A GHY A B B RN - S ERHERIINSE
FLARE - AEMTHHISEEIERRY 300 (32) o FILHEMl - RE-BFR 4HaA % G U EE 7080 - AN4H SRR AR SR i 2L I B
% BEBNL 15 rERCERERERIN - WIS B R R A

55— J5iH - Park & (2010) E2EAYNTICRUNEAE M FE RS EE) (A0% R RMRER ) EGMIRIRG] AT BEIe T BT
FLORARZHEE ~ MEEESIRE ) - EEUARENIFRIR (7) - HEIEIWTTEE LGRS (80%H AHEP L) GEE
TR > AR T IR R R AR AR A B SR AR > HAEE M OB AV GE L NI A RE (33) - i
BB > AWTFE 2l Rt D AES B (RARREE 62 mikg/min) - (] 50%(R & LBlRIVA SUEEN R A& SRR
il PR B5R S A e R g & FY B M E R SRS Y AT RE N R iR AR ST i E— P PR A E A SR
Frgmsr - sHBEE - SR HRENASEBE TES S IURIRE] - FIFSET Ol 20 E E) B Y [E LM B 52 73l
EALHGRALARRSEENE - M IET T HA S mEET R ) - Wie DRI -

8



Journal of Exercise Physiology and Fitness 9 of 13

5 &w

ALAH AR BN - i

RIS ~ (R R EBEE S IR RG] > W SR i A ES) S0 L PR BUESN B R B R - R TR
BRI AL RL SR B R B - BB (RAY SRS b S R ETR B - R R A (R5R L

P
SEENE SRR - HEENEE T LA AERE R E LS R - IESEE DT -

AEABZAY - MAREZAY - OWERKIIBY G | AUIERN SR AR T W B G % m s -

FILRESREY © AT LA R -

SEM

10.

11.

12.

13.
14.

Hottenrott K, Ludyga S, and Schulze S. Effects of high intensity training and continuous endurance training on aerobic capacity
and body composition in recreationally active runners. | Sports Sci Med 11: 483-488, 2012.

Milanovi¢ Z, Sporis G, and Weston M. Effectiveness of high-intensity interval training (HIT) and continuous endurance training
for VO 2max improvements: a systematic review and meta-analysis of controlled trials. Sports Med 45: 1469-1481, 2015.
Helgerud J, Hoydal K, Wang E, Karlsen T, Berg P, Bjerkaas M, Simonsen T, Helgesen C, Hjorth N, and Bach R. Aerobic high-
intensity intervals improve V' O2max more than moderate training. Med Sci Sports Exerc 39: 665-671, 2007.

Trapp EG, Chisholm DJ, Freund J, and Boutcher SH. The effects of high-intensity intermittent exercise training on fat loss and
fasting insulin levels of young women. Int | Obes (Lond) 32: 684-691, 2008.

Whyte L], Gill JM, and Cathcart AJ. Effect of 2 weeks of sprint interval training on health-related outcomes in sedentary
overweight/obese men. Metabolism 59: 1421-1428, 2010.

Laursen PB, Shing CM, Peake JM, Coombes JS, and Jenkins DG. Influence of high-intensity interval training on adaptations in
well-trained cyclists. | Strength Cond Res 19: 527-533, 2005.

Park S, Kim JK, Choi HM, Kim HG, Beekley MD, and Nho H. Increase in maximal oxygen uptake following 2-week walk
training with blood flow occlusion in athletes. Eur | Appl Physiol 109: 591-600, 2010.

Sarkar S, Chatterjee S, and Kr Dey S. Effect of 8 weeks high intensity interval training on maximun oxygen uptake capacity and
cardio-respiratory parament at anaerobic threshold level of indian male field hockey. European Journal of Physical Education and
Sport Science, 5, 106-116. 2019.

Engel F, Hartel S, Strahler J, Wagner MO, Bos K, and Sperlich B. Hormonal, metabolic, and cardiorespiratory responses of
young and adult athletes to a single session of high-intensity cycle exercise. Pediatr Exerc Sci 26: 485-494, 2014.

Tanner AV, Nielsen BV, and Allgrove J. Salivary and plasma cortisol and testosterone responses to interval and tempo runs and
a bodyweight-only circuit session in endurance-trained men. | Sports Sci 32: 680-689, 2014.

Doerr P, and Pirke KM. Cortisol-Induced Suppression of Plasma Testosterone in Normal Adult Males. | Clin Endocrinol Metab
43: 622-629, 1976.

Nakajima T, Kurano M, Iida H, Takano H, Oonuma H, Morita T, Meguro K, Sato Y, and Nagata T. Use and safety of KAATSU
training: results of a national survey. International Journal of KAATSU Training Research 2: 5-13, 2006.

Sato Y. The history and future of KAATSU training. International Journal of KAATSU Training Research 1: 1-5, 2005.

Suga T, Okita K, Morita N, Yokota T, Hirabayashi K, Horiuchi M, Takada S, Omokawa M, Kinugawa S, and Tsutsui H. Dose
effect on intramuscular metabolic stress during low-intensity resistance exercise with blood flow restriction. | Appl Physiol 108:
1563-1567, 2010.



Journal of Exercise Physiology and Fitness 10 of 13

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Abe T, Kearns CF, and Sato Y. Muscle size and strength are increased following walk training with restricted venous blood flow
from the leg muscle, Kaatsu-walk training. ] Appl Physiol 100: 1460-1466, 2006.

Takarada Y, Sato Y, and Ishii N. Effects of resistance exercise combined with vascular occlusion on muscle function in athletes.

Eur | Appl Physiol 86: 308-314, 2002.

Takarada Y, Takazawa H, Sato Y, Takebayashi S, Tanaka Y, and Ishii N. Effects of resistance exercise combined with moderate
vascular occlusion on muscular function in humans. ] Appl Physiol 88: 2097-2106, 2000.

Kim E, Gregg LD, Kim L, Sherk VD, Bemben MG, and Bemben DA. Hormone responses to an acute bout of low intensity blood
flow restricted resistance exercise in college-aged females. Journal of sports science & medicine 13: 91-96, 2014.

Fujita S, Abe T, Drummond M], Cadenas JG, Dreyer HC, Sato Y, Volpi E, and Rasmussen BB. Blood flow restriction during
low-intensity resistance exercise increases S6K1 phosphorylation and muscle protein synthesis. ] Appl Physiol 103: 903-910, 2007.

Takada S, Okita K, Suga T, Omokawa M, Morita N, Horiuchi M, Kadoguchi T, Takahashi M, Hirabayashi K, Yokota T,
Kinugawa S, and Tsutsui H. Blood flow restriction exercise in sprinters and endurance runners. Med Sci Sports Exerc 44: 413-419,
2012.

BRESSR. $RE0E. BOBER. WRIER. MDA SE BN & M R 3 S B SR SR B 8 . BB/ P R R, ) A
#4EE2HK (Journal of Exercise Physiology and Fitness) 23: 1-11, 2016.

Clark B, Manini T, Hoffman R, Williams P, Guiler M, Knutson M, McGlynn M, and Kushnick M. Relative safety of 4 weeks
of blood flow - restricted resistance exercise in young, healthy adults. Scand | Med Sci Sports 21: 653-662, 2011.

Takano H, Morita T, Iida H, Asada K, Kato M, Uno K, Hirose K, Matsumoto A, Takenaka K, Hirata Y, Eto F, Nagai R, Sato Y,
and Nakajima T. Hemodynamic and hormonal responses to a short-term low-intensity resistance exercise with the reduction of
muscle blood flow. Eur | Appl Physiol 95: 65-73, 2005.

Willis SJ, Alvarez L, Millet GP, and Borrani F. Changes in muscle and cerebral deoxygenation and perfusion during repeated
sprints in hypoxia to exhaustion. Front Physiol 8: 846, 2017.

Rennerfelt K, Lindorsson S, Brisby H, Baranto A, and Zhang Q. Effects of Exercise Compression Stockings on Anterior Muscle
Compartment Pressure and Oxygenation During Running: A Randomized Crossover Trial Conducted in Healthy Recreational
Runners. Sports Med 1-9, 2019.

Hollander DB, Reeves GV, Clavier JD, Francois MR, Thomas C, and Kraemer RR. Partial occlusion during resistance exercise
alters effort sense and pain. | Strength Cond Res 24: 235-243, 2010.

Patterson SD, Hughes L, Warmington S, Burr J, Scott BR, Owens J, Abe T, Nielsen JL, Libardi CA, Laurentino G, Neto GR,
Brandner C, Martin-Hernandez J, and Loenneke J. Blood Flow Restriction Exercise: Considerations of Methodology, Application,
and Safety. Front Physiol 10: 2019.

Reeves GV, Kraemer RR, Hollander DB, Clavier J, Thomas C, Francois M, and Castracane VD. Comparison of hormone
responses following light resistance exercise with partial vascular occlusion and moderately difficult resistance exercise without
occlusion. | Appl Physiol 101: 1616-1622, 2006.

Cook CJ, Kilduff LP, and Beaven CM. Improving strength and power in trained athletes with 3 weeks of occlusion training. Int
J Sports Physiol Perform 9: 166-172, 2014.

Crewther B, Cronin J, Keogh ], and Cook C. The Salivary Testosterone and Cortisol Response to Three Loading Schemes. |
Strength Cond Res 22: 250-255, 2008.

Ozaki H, Loenneke JP, and Abe T. Blood flow - restricted walking in older women: does the acute hormonal response associate
with muscle hypertrophy? Clin Physiol Funct Imaging 37: 379-383, 2017.

Brownlee KK, Moore AW, and Hackney AC. Relationship between circulating cortisol and testosterone: influence of physical
exercise. | Sports Sci Med 4: 76, 2005.

Paton CD, Addis SM, and Taylor L-A. The effects of muscle blood flow restriction during running training on measures of
aerobic capacity and run time to exhaustion. Eur | Appl Physiol 117: 2579-2585, 2017.

10



Journal of Exercise Physiology and Fitness 11 of 13

—e—RE-BFR —0—RE
105 -

100 A
95 H
90 -

85 -

TOI (%)

80 A

75

70 A

65 T T T T T T T T T 1
BEAT 41 4kl 482 1k2 43 tk3 44 k4 45

B 1 FEHESHESE SRR - (G 1= % L —pED) (k1= 58 14 —4HRIRE 5 *p < .05 ForRidH 2 [H
FREAER | #p < .05 orBELEHAILLEAREZE - )

mRE-BFR ORE
8_ *
#
7_
6_
=
S O
£
E 4 -
4
2 3
4, #
#
0_ T 1
1E By AT €4

B 2. RS EEN M A RRE IR o (BRI ¢ *p < .05 RTWMZHIABEAZR | #p < .05 ForBLESAItLIEAEER - )

11



Journal of Exercise Physiology and Fitness 12 of 13

mRE-BFR ORE

130 A

120 - [

110 -

100 A

* B B (%)

80 -

70 T T 1
& B HT E 1415048 & 1524 0F

3. A[EIHLD S SE AR AR 8

mRE-BFR ORE

160 -

140 -

(%)

120 -

100 - [

80 -

HH B

60 T T ]
1E By AT 1B B4 150 4 1B B A 24N 0F

4. NEIRE S A IR REAY R o (B 1 *p < .05 TR MABE AR - )

12



Journal of Exercise Physiology and Fitness

13 of 13

R 1 2 EAAT R S E B

IEH RE-BFR RE p &
T () 21.50 +2.20 21.63+2.13 90
& (A53) 175.03 + 6.77 180.10 + 6.72 11
BEE (A7) 66.31 +4.42 71.65 +7.87 .08
AT FIE4R (48 7.13+2.36 6.88 +1.64 78
BEAHESE (ml/kg/min) 64.25 +4.71 60.32 +5.41 12
ZEEFIHEIMER (mmHg) 118.45 +5.05 124.75 + 4.89 14
KERIIEATEE (mmHg) 153.75 + 6.56 — _
BALEER (bpm) 197.20 + 6.78 204.75 +7.80 .06
ZEFOPER (bpm) 66.10 = 6.81 66.50 = 5.86 86
HP % (km/hr) 9.81+0.71 9.56 +0.82 47
LR (bpm) 160.75 + 12.42* 141.50 + 4.69 01
RPE 15.75 + 2.25* 9.50 +1.85 01

%} RE-BFR (n=10) : RE (n=10) :

bpm = beats per minute ( Zx/%3#% )
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