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1. High intensity interval training
2. sprint interval training
3. Excess post exercise oxygen
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2 . Cross-over



o) b (U5 <l 3L ylo) (ot gl ()l ime 2 (5 o (29U5 (i po3 E99 99 T

10 dwlore (YO) 5 dobas 5l oslinnl b gy ygumlannsST o5
Fat oxidation = 1.718 x VO, (L.min™%) - 1.718x VCO, (L.min") -0.315P
P= negligible protein oxidation = 0
(. yo3 by
OO S B Vg Cele p JaglS 7 Ce b 05 0,5 a8 O ol (nyed Al 93 2
VF) coliwl 0 (addo V) 15 cad b (4o YA) (el Aol g il o yieshS £ Cepu b
(V) Conl 3 i a0 A 4y ) (ado
L) colyinl a8l Fo g Wogma! V1o 7 ol b adl & ogls YE Jels Jsl HIE &by
(oelo p yeglS # ey

L) corlyinl 4l YF+ g WOgmax V1 7 s b adl ¥ gl F el pgs HIIE &b

(Celo y yoslS £ Ce

st

ala gual maxr

N

ek

PEELE 45.8s F- aids Y- 535 05 af Yev.
| Y J | J
e 3l e aBljl 6 g 4R Es R aly mhoaida 10

el el Sy (LSgsb N S8

bt ;o RER (g5l &u (a7 OsemloenST Oliee 2 Oloj 5 (e Sloled 236 (o2 612
J5lade men ol colainl S g Soslail boanlige uilly ol L cglae sl

Goll slosls ol awle sl tyge;l coliiwl b (55,0 4je ¢ RER (s Oyl

1. Velocity Associated with Maximal Oxygen Uptake



WAY i) F & ko Vo 5593 o i)y (it ) poe I

aarg b obl slogsel plet wins Julodsaysod SPSS-YF o Lol Jlisla i b sniis)slans
b ad S e s 0 (sl s

P %)
(F US8) s ooy sl Ajm ol (lad ()lel (a3l gl dmosls g lol el 52 51 g
3¢ (LS AFNAYY) You¥Fe el 5l in (gylobire Hobay (S LS VANE) O:F
YAV o) O:Fe cpped 31 e c8lLsb atds 0 ey (658 Ay iores (P<0/)
P<0/+) 0 (GBS AN IYE) VoY Fe o a8 5 jiin (5 lolixe jsbay (5, )5 6LS

QM) YoV T e el 5l e b3l addo 0 Sow o (Y SW) Yt OgelienST e
3 e gylolie Dygoa YoV F e (pad 5l ey Bl pes g Jsl A8 Y o (ks j5 65
C8lsk peo daBo Yo g Jol AaBo Ve jo puizmen (P<0/0) 06 O:F ¢ 505 0 00l S8 slagle;
009 YoV ¥ oyl 5l iy (gboline jsboas (F US2) (qds Jold o ¥ 0 503 51
@ Sad O:F ¢ 1 ad 5l am Lol ccilas (g loline glas (s 103 90 oy EPOC (jlhie (P</0) Co

g SYLYVFe o

200
180 *
160 -
140
120
100
80
60
40
20

W 5:40
§30:240

(s 155LS) (g5, amsn

" 7 /
4

JJJ‘;I.A QBLQJ =*

ool lo) 63 A ya Y ISl



oY Jld 565 <3 3L oloj (057 OgmmilamnST limo 32 (e pw (29US (3305 £95 93 ST
WS40
0.1400 * N30:240
*
5 0.1200
_ji 0.1000
3 0.0800
b
% 0.0600
"'”;"; 0.0400
4. 0.0200
~ 0.0000
0-30min 30-60 min 60-90 min
e ok Soline gl =7
Ot o3 3 o 8L 5L Wylise slagple) 59 (22 gmwlaamST Glime ¥ SO
W 5:40
0.900 * [¥30:240
0.850
. *
;. 0.800
J 0750
3 0700
20
3 0.650
i 0.600
0.550
0.500

0-30 min 30-60 min 60-90 min

31 g L3l 898 Cglii slap e udid JOLT S ol an F S

S Ao g o

e 4 o D%+ a8 ) e 33k 5 e (55 Ange ke ol g el

Ve g dsaado ¥ olog ;0 o,z OwlamST liw a5 Jlojo g yiion () lolos & jgoa YiVT.

O:F e o ped 3l yiiion (g)lolioe jeboay YoV ad 1 o Bl ABe A Dok j0 g peo drBS

crse HIE obisS &by ()l corlyul 5 I8 S by S péydle s & 4595 b g



\ray ‘_,La.m-n) &F 5 Lol Ve 5,90 ()39 (T 'og.l.c O+F

O 5 AR Ol b olas ol el @l wb Gaed ooy il Ange Gl
oS Ll 5l o eS (VY10 YF-YA) Koo sloiogiy YoV Fe e b anglie jo YouYFe
HE yes ploy S 55 Ao (i om0yl Glaghy o aslllae 5)50 sla Sogsj]
O Sgdger Syl (g, Glaced b (Hlas e g oS dyoe b4 Sl 4y
ol ol Y3 51 (0h 50 Lewdly px mglSsen g Cu S len Oline 09 Somb) Oloye 5 0L
looygo 5olisS oy Jedody Cowl (o B:F e i (6551 dse Oliae (V) all gl
P95 ooy A5l VFe ol ial b anglie 15 a0 VO, olime Sloj 556 ol o a5 sl ol 2l
gl 5o OF e (nyed loy (Brae HieST IS Ol a3 50 d(10) S9d o0 5565 a5 e
Dedoe yrie iy (651 Anje 4 Cole )3 45 0,8 (oo BV el b Al 0 65V

e 5 e bl 32 A0 Sae 0 EPOC (liee o (s loline &glis pol> imedy 5o
aslie 3 O:F ¢ 5y 05 WEPOC S ol5me 45 > )5 et somlive ¥ oV e el dy s OF -
gl ;5 O:F e yad 5l ey LS Gloj (6551 A U5 jlade ogdleay gy YouF e et L
EPOC ,; (nyed ©ud iy Slogbogi & a2 bog i (5 obe jsboay YoV Fe (i b
w35 all SLaSy Gad b e g0 ,n ol iagh o @Sl Jdoay (VO Fe V) o)l 80
25U glite coliul g 15 le) sy oe aia 5 bl (g lole Sglis X508, L EPOC e
Oy, SRR bl ALBI (a3 5l ey CBLL aRE0 A+ S ;0 EPOC l5ee 5 (5 lolins
sl g boliae Dglay Jloj 5L ;2 10 Bras ST 0 GialiEl cel (Sew az ST isly las
5,50 ;0 EPOC Zwly jo Giulidl o pod 51 ey sl 12 30 odiglimen Sl 51 Jdoay Lol (YY) il
509 Sy 5o ) il Auge g Brae o3eeST (00) SIE 5 (FY) HIE e 5l g celo Y
S 5o s IV Lol amg EPOC S oliee oSl & ax g b ass oo Liuldl Soe SYsb
PRCIRVIEUUES S0 VIS PSS SYTI0 IOW IRX GUSPFRVS SR ) & SEVEUC IRNSCO V) VAR &
oligS (VO ) wb oo aalol fyloy ol 5l 51,8 calises sl ioghy 4 axg5 L a5 [EPOC S l50e
] 0042

slr soee slaaulp o SIT 51 A0 Sjelesd Jobo oob 035 @0 » cdeay EPOC
5 09> 5 OiST 2S ilesl Jold ool cnl 05 e slml Suielsn st Jolss pils S5k

gy S ib Gl om sles g PH Jols coliSY Bio ol S gind g ATP (5555 (2l



0.0 b (U5 <l 3L ylo) (ot gl ()l ime 2 (5 o (29U5 (i po3 E99 99 T

5 silsnie 6550 Ausp a5 loman (1)) Canl TGIFA &5 12 2153l g b eV sSSlS )3 calias
Slooyg0 wmyoo gyl 4 dilraen el 43BN Gl (b eSS g (land (6551 et
555 o 4 1y bl ol 3l sdm e sl 550 5551 Candy ol Ko SIT jiclisS
Lo reaY oSS e 3 miman 9 o0 4 (b ()395IS Rl OF ¢ 1y po Yazol oS L]
SIATP 0 sl 5SS eizeod 5 5095l yoms 55 2550 Slag Tyt s3loled sl
EPOC ausyigo ity sl T Fe 105 51 jiiy F+ (5 & Ginly 5o ool Sy 5
Sk pdam g OF e o el i

Lyl <8l gl 5o (o OsemlaeST jlade L EPOC e ols (las (ol eyl @by
Beizs 30 a5 sl 5l g ol e YL oy gamlannST jlade L EPOC eS8 jlade g 0,05  sowbiiune
Colys blawl o Wb sl oais a3,y cwiss sbolE oals)glans sloosls 4 lais ol
258 & e bl

o Y iy bline Ojseas 28bL aads 10 Do o oyx eSSt Glie
spbar YoV ¥ e a3 50 ped A8 Te g Jol ARES Yo )0 (pizran S JYL OF - (ped b 4l
5,90 Judods e pied b oanslie ;o YouVFe el (0 09 O:F pied 5l in (g)lobixe
ool el glooygs 1o gt gyz w3 5l e ley jo NN i SYeb ol il
9SS 5 S shed ( Pliegygys ATP Ll Cogu 0F+ a0 o5 Jlo s il 0
D:F ¢ s y05 olsS Sl sl 895 45 003y )T gd el Sae aS] oy .l SDhiae
SIS o 4 (00 e e 0T (o slaadleg )0 el (S w0985 (5Ll el sboas
3L ol yon cllad (2 sl 5L 9590 (5551 mels e (S3l9s

2 blae Sjygon pes g Jol A8 Ve lagle jo 9 8Lk ak3s A+ o 3 RER (e

RER e Yo ¥ e iad 5l oy 3Lk 0 g a8 O Fe oy o5 b duslie jo YoV Fe o s
e alS o8 Hyon e oal S8U3L olos S (o2 OseslienST L ke ool 5y 28
1y osiosliiul SlyS o g 23S silesl 6l COy el 3 285 CO, alS Jdsas RER
Jol> (Sabie sl jlid 5eim iy yod 51w 28l5L ol 4z do Yoo j0 (YY) cenl SUSY 0,5 80
S obplen eb oo o 2 SIS 8T (i carge g WS e e G (08559 Sollad ]

(ol 3l om cdlsl Jol dado Ve 0 YY)y o RER .5k ol lid ol gl auls



\vay QLMM) F 5,louds Ve 5490 ()9 (S ) r:,l.c D8

Gl oy oz OselaneST Gl Slo a5 0 VYT 4y pgo dids Yo o Ll g VP
duse EPOC ()2 sl polie Hloy cusdSl .ol oyl 055 (Sdalie jlad (g 105 3!
b ysie opl jlade cwl pmlinl mhaw 4y oy <8l saumslis mls b wil oo (alS (65,0
b o cpl GalS Cunl (Sas .l 0als (5250 3ll po3l g po mhaw ;0 VCO, VO, 5l eolasul b
23l s 53 Uit ol 5 Sl L 5 s b sl 5 L Sl il s & (0 05
by 93 52 )3 nyed 5l o S8L3L (@2 gmwlienST Glime (IS jebody Bl aXSlS 9929 Dol
099 b ogy YL O:Fe pyed banglio o VeV Fe 1y oas (o J Ol Lol el oo aalidl i jel
s Oloy 551 e Glime FeVF e yed 5l e S3LL Gy )3 YL (22 OgemlanaS]
Vourfe Goyed b awalio 0 0:F - 5 ya5 10 BPOC jladie 5 00503 5l g bl 551 50 o)l

Oy e

S 5 Ao

Al £55 99 2 50 cipyped 5l CBL5L (o) (gmloenST (i ol lid pol> eyl dxis

S92y Loy SYL AN ped b aglie po YouVF e 008 50 ol Gliee Lol el oo (2l 31 (2 5e5
s Oley P Ause Glime FVY e (n el Sl e SBLSL Gl yo YL @z HgelaeaS]
Vol ¥e e b anglie )0 0:F (5 pe5 )0 EPOC jladie 5 (o5 51 (g 8050 6551 &3 (5o
Slroyg b SIE ©ly jod (6,5 ,54 w0 i ol oy mls dbasde L og i

el J % G yed 3l e S8L3L ey 5o Sien (23 OgewlasnST ol il g 15 5 Yl

»‘Bséﬂm

1. Gibala MJJCsmr. High-intensity interval training: a time-efficient strategy for health
promotion? 2007;6(4):211-3.

2. Weston KS, Wislgff U, Coombes JSIBJSM. High-intensity interval training in patients
with lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis.
2014;48(16):1227-34.

3. Hwang C-L, Wu Y-T, Chou C-HJJocr, prevention. Effect of aerobic interval training on
exercise capacity and metabolic risk factors in people with cardiometabolic disorders: a
meta-analysis. 2011;31(6):378-85.



0.y b (U5 <l 3L ylo) (ot gl ()l ime 2 (5 o (29U5 (i po3 E99 99 T

10.

11.

12.

13.

14.

15.

16.

17.

18.

Tjonna AE, Leinan IM, Bartnes AT, Jensen BM, Winett R, Wisloff UJAoBM. The
Effects Ofa 4-minute Interval Training Protocol On Cardiorespiratoryand Metabolic Risk
Factors: paper Session 28 12: 21 Pm-12: 39 Pm 4047. 2011;41(1):s250.

Buchheit M, Laursen PBJSm. High-intensity interval training, solutions to the
programming puzzle. 2013;43(10):927-54.

Gibala MJ, Little JP, Van Essen M, Wilkin GP, Burgomaster KA, Safdar A, et al.
Short term sprint interval versus traditional endurance training: similar initial adaptations
in human skeletal muscle and exercise performance. 2006;575(3):901-11.

Macpherson R, Hazell TJ, Olver TD, Paterson DH, Lemon PJM, sports si, et al. Run
sprint interval training improves aerobic performance but not maximal cardiac output.
2011;43(1):115-22.

Boer P-H, Meeus M, Terblanche E, Rombaut L, Wandele ID, Hermans L, et al. The
influence of sprint interval training on body composition, physical and metabolic fitness
in adolescents and young adults with intellectual disability: a randomized controlled trial.
2014;28(3):221-31.

Boutcher SHJJoo. High-intensity intermittent exercise and fat loss. 2010;2011.

Stepto NK, Martin DT, Fallon KE, Hawley JAJM, Sports Si, Exercise. Metabolic
demands of intense aerobic interval training in competitive cyclists. 2001;33(2):303-10.
King J, Broeder C, Browder K, Panton LIM, Sports Si, Exercise. A comparison of
interval vs. steady-state exercise on substrate utilization in overweight women.
2002;34(5):S130.

Whyte LJ, Gill JM, Cathcart AJJM. Effect of 2 weeks of sprint interval training on health-
related outcomes in sedentary overweight/obese men. 2010;59(10):1421-8.

Townsend LK, Couture KM, Hazell TIJAP, Nutrition,, Metabolism. Mode of exercise and
sex are not important for oxygen consumption during and in recovery from sprint interval
training. 2014;39(12):1388-94.

Beaulieu K, Olver TD, Abbott KC, Lemon PWJAP, Nutrition,, Metabolism. Energy
intake over 2 days is unaffected by acute sprint interval exercise despite increased appetite
and energy expenditure. 2014;40(1):79-86.

Hazell TJ, Olver TD, Hamilton CD, Lemon PWJljosn, metabolism e. Two minutes of
sprint-interval exercise elicits 24-hr oxygen consumption similar to that of 30 min of
continuous endurance exercise. 2012;22(4):276-83.

Metcalfe RS, Babraj JA, Fawkner SG, Vollaard NBJEjoap. Towards the minimal amount
of exercise for improving metabolic health: beneficial effects of reduced-exertion high-
intensity interval training. 2012;112(7):2767-75.

Zelt JG, Hankinson PB, Foster WS, Williams CB, Reynolds J, Garneys E, et al. Reducing
the volume of sprint interval training does not diminish maximal and submaximal
performance gains in healthy men. 2014;114(11):2427-36.

Gillen JB, Percival ME, Skelly LE, Martin BJ, Tan RB, Tarnopolsky MA, et al. Three
minutes of all-out intermittent exercise per week increases skeletal muscle oxidative
capacity and improves cardiometabolic health. 2014;9(11):e111489.



1yay ‘_,La.m.o) F 5,louds Ve 5490 ()9 (S ) pole OeA

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Gillen JB, Martin BJ, Maclnnis MJ, Skelly LE, Tarnopolsky MA, Gibala MJJPo. Twelve
weeks of sprint interval training improves indices of cardiometabolic health similar to
traditional endurance training despite a five-fold lower exercise volume and time
commitment. 2016;11(4):e0154075.

Bogdanis GC, Vangelakoudi A, Maridaki MJJoss, medicine. Peak fat oxidation rate
during walking in sedentary overweight men and women. 2008;7(4):525.

Venables MC, Achten J, Jeukendrup AEJJoap. Determinants of fat oxidation during
exercise in healthy men and women: a cross-sectional study. 2005.

Tarnopolsky MAJM, sports si, exercise. Sex differences in exercise metabolism and the
role of 17-beta estradiol. 2008;40(4):648-54.

Dreher J-C, Schmidt PJ, Kohn P, Furman D, Rubinow D, Berman KFJPotNAOS.
Menstrual cycle phase modulates reward-related neural function in women.
2007;104(7):2465-70.

Hazell TJ, Hamilton CD, Olver TD, Lemon PWJAP, Nutrition,, Metabolism. Running
sprint interval training induces fat loss in women. 2014;39(8):944-50.

Jeukendrup A, Wallis GJljosm. Measurement of substrate oxidation during exercise by
means of gas exchange measurements. 2005;26(S 1):S28-S37.

Islam H, Townsend LK, Hazell TIJAP, Nutrition,, Metabolism. Modified sprint interval
training protocols. Part I. Physiological responses. 2016;42(4):339-46.

Deighton K, Barry R, Connon CE, Stensel DJJEjoap. Appetite, gut hormone and energy
intake responses to low volume sprint interval and traditional endurance exercise.
2013;113(5):1147-56.

Hazell T, Olver T, Macpherson R, Hamilton C, Lemon PJTJosm, fitness p. Sprint interval
exercise elicits near maximal peak VO2 during repeated bouts with a rapid recovery
within 2 minutes. 2014;54(6):750-6.

Oertelt-Prigione S, Regitz-Zagrosek V. Sex and gender aspects in clinical medicine:
Springer Science & Business Media; 2011.

Chan HH, Burns SFJAP, Nutrition,, Metabolism. Oxygen consumption, substrate
oxidation, and blood pressure following sprint interval exercise. 2013;38(2):182-7.
Laforgia J, Withers RT, Gore CJJJoss. Effects of exercise intensity and duration on the
excess post-exercise oxygen consumption. 2006;24(12):1247-64.

Williams CB, Zelt JG, Castellani LN, Little JP, Jung ME, Wright DC, et al. Changes in
mechanisms proposed to mediate fat loss following an acute bout of high-intensity
interval and endurance exercise. 2013;38(12):1236-44.

Skelly LE, Andrews PC, Gillen JB, Martin BJ, Percival ME, Gibala MJJAp, nutrition,, et
al. High-intensity interval exercise induces 24-h energy expenditure similar to traditional
endurance exercise despite reduced time commitment. 2014;39(7):845-8.



