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pnyopng Mrmoydavng, Ph.D.,

AlOAEIPUOTIKE AoKnon bPnANRg évtaong High
Intensity Interval Training | HIIT

Mop@r ekyOPVOONC keTd TNV 0Tri0 GUVTOUEG TIEpiodol
€vtovng AoKNARC EVOAACCOVTOI HEREPIOAOUC RTTIAG
AoKNoNg 1 avamoauong

P
~

Sprint Interval High Intensity aerobic |

~ | Training n SIT interval training

*UEYIOTN £vTaaon «évtaon (90%-100%

(ompivt) >250% VO,max)

VO,max *Acknon: 1-4 min

«doknon: 5-30 s dléAeippa 1:1 (1

«dlGAeppa 1:6 (30 s) min)

£€w¢ 1:9 (4.5 min) €w¢ 1:0.8 (3-4 min)

*4-10 emavOARWEIG *4-12 eTAVOARWEIC
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22 NemTd GUVOAIKOC XPOvOoG (padi pe mpobEépuavan + anobepaneia)

30s 30s 30s

4 min . . . 4 min
4 min 4 min 4 min

2 \emtd KoBapr) Goknaon

20 Minutes HIIT

- Five 5 minutes warm-up
and stretching

- Two minutes at a
moderate pace

- 30 seconds of sprinting
- Two minutes at a

moderate pace

- 30 seconds of sprinting o
- Two minutes at a
meoderate pace

- 30 seconds of sprinting

- Two minutes at a

moderate pace

- 30 seconds of sprinting

- Five minutes of cooldown
and siretching,
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| ] [] PCr Hydrolysis | ]
H1 Glycolysis

8.~ o 12 Oxidative Phosphorylation
_Bw» S ||
| o LT _—

33 §3 9+

EZ E2

2% 2%

e E et T

= = v e s

<E <& V7

15
Time (s) Time (s)

glucose
ATP hexokinase

ADP
glucose b-phosphite s glucoge 1-phosp £ * .
glocosephasphiile soménme o Sprintl
oot e Sprint3
fructose 6-phosphate 5 EE 40
ATP d-phosphifrecokine® 8%
A 2 E
fructose |.6-bisphosphate [
abdolise 3 20
) 1
d"”'pdhr\i";h“:;m“e_. glyeeraldgfiyde 3-phosphate =
triosephosphats P NADS o-
iamerase - NADH 22 glyeraldchyde-phosphate
by drogenise 120 7 s +
3- phosphoglyeeroyl/phosphate
ADP —_
ATP+] fosphoulycrute kinass g e
J-phosphbglycerate = % |
phosphoplsceromutase E E 60
a
2-phosphoglycerate 2 2
enkise
phosphoenolpyruvate 0-
ADP T T T T T T 1
ATPa] prte ks 0 5 10 45 20 28 30

pyruvate Time =)

H +
CoA

Imuk%dmp:nux “w
o A o _
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METABOAEG GTN CUYKEVTPWON YOAOKTIKOU, OTO pH, 0TN OLUYKEVTPWAT OUUWVIOG
KAl OTOV OYKO TIAACHOTOC META OTTO €va OTIPIVT SlAapKelag 30 s

PLASMAAM

REST POST 2 4 6
RECOVERY TIME (min)

Aplasma volume: 15.9+2.2%

3 -
S b ; : : .
3 15 - REST POST 2 4 6
< 100} TIME (min)
& N - —s— measured concentration
€ 10 % —— corrected for %PVC
gl st 2 150 y S
145 | ** wxttg
REST 35 35 "1 1407

RECOVERY TIME (min) 135 1

*k

130 A

ok ok

125 A

Plasma Na™ (mmolI-1)
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2 gBdopdadeg poTtdvnan
3 @opéc/ eBdopdda
| Z0OvoAo: 10 Aemttd kaBopr doknan
| N 1.5 opa padi pe ta dlaeippota/es.
JUVOAIKO Unx. 'Epyo: 225 kj/ef3d.

2 eBdopddeg TpoToVNOoN
5 @opéc/ Bdouada
J0voAo: 4.5 wpeg doknan/eRo.
JUVOAIKO unx. ‘Epyo: 2250 kj/efd

e 2 weeks HIT training 2 weeks HIT training ® 2 weeks HIT training
rrE ﬁ'ﬁ 220 e ] =
oy - 210 et 5
= . 3% 20 23
£ £3 1% =5 .
£? EE m it
E 55 160 Ez
5 S 150 0
23 £t
o E E o )
TOh 5T == x
| Cyeie endumance Gous o Dt before und alter - 2 v sprind tesing ST ET R
L. : 1 _.7
2 weeks HIT training E:’;ETG weeks HIT training F
| | ) [T B | ]
EE B EEPOST T g J ; '
? 5t 4|
£F
| ] QE P | ] o - il .
— &= - 1 5 | 3 .
gs 2 o
=E 4 = | . | . 2
HIT 2 cytochrome c oxidase
L T B L e
[CIPRE e X
_-Es
_ -
i i
16D a 3
5 s * W H i
£ sE z
.. i 1
i e 3
2 ZE 2
SEw 5=
EE
=
o
Q

e e THE DeTR DelHs
Condition

I". Mmoydavng, TEGAA Abrvag



HITOX0VAPIOKAC PETAYPAPIKOG apayovTag Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a)
(ouvevepyomoInTrig 1a Tou EVEPYOTIOIOUHEVOL AN TOANIMAAGIOOTEC TWV UTIEPOEUCWHATWY UTTOJ0XEA V)
QUEAVEL TOV OPIBUO Kal TOV BYKO TWV HITOXOVAPIWY Kl KOTA GUVETELD TNV 0EEIBWTIKY IKAVOTNTA

wark] OZeI0WTIKP aTPE

Figure 1. potential intracellular cignalling ? % s

neclanine invoked in HT-ind ved PGC-1

mitochondrial hingenesic -

Lewvolume T has been saowr w0 actiate Cutoso! L

S AL/P cotivaned prone nkinass GAMPED ad 2 5 ' : -

5

LATP:ADP ratio “H IT
Ca2+ jod

p2& miecon adivazod Jrebe n kincoo MAFES. b

both of e eer seres xons e sigrall ng : /

kihases ave Inplictec ndiret phaepha viation SC-la

=i dclivalion o  FG2-1e i edse ] uclea . ~. ) rraastancn
=l e o PEC T lollowig HT i Muicleus

cocumuketier of mere mitcchar dnal pretons
1z dmee mitechardnal Eizgenss o

by pothesited to oo -=ctiva e tra e plizr
factars (10 to incease mizecen il gene AL 4+ mitechondrial
traecr phizr, u timately ecutting ir \ 1 R gene transeription

BeATiwON TOU YAUKOIUIKOU EAEYXOUL HUETA ATIO 2 ELOOUADECG
TipoTtovnong SIT

124

Blood glucose (mmolfl)

" LY -.‘
b Ay Fu ==Y

A4+—7T 7 7 T T T T

06:00 12:00 18:00 24:00
Time of day (hours)

05:00

I". Mmoydavng, TEGAA Abrvag



Physiological Reports

g gl e 0 3301 120
IHAL NESTARE -«

Total dally energy ewpenditure Iz Inereazed following a
single bout of sprint interval training
i

1N peNéTN: l

BMR: 1719 BMR: 1708
Kcal/npépa Kcal/nuépa

Kopia eTtidpacn oTig TINEC NPEMIaC:
*RER: 0.85 (~50% Aittn, 50% CHO)
*[Aukodn: 5.00 mmol/L

*lvoouAivn: 24.0 pmol/L

*Aemttivn: 7.3 ng/mL

*NEFA: 0.34 mmol/L

*Free T3: 1.05 nmol/L

% oAépg\)q)\[\)n: 5 ua/g KPEGTlViVT]C %

*Nopadpevalivn: 19 ug/g kpeativivng

Physiological Reports

g gl e 0 3301 120
IHAL NESTARE -«

Total dally energy ewpenditure Iz Inereazed following a
single bout of sprint interval training
i

+24 wpn PETPNCN 0LPWV
(oupia, kpeaTivivn)

Métpnon o&eidwang
ATV, UBATOVOPAKWV Kal . p
SUVONIKF NUEPR IO npwrs'l'vgv ZUVOAIKA NUEPnOI
EVEPYEIOKN SOTTavN: EVEPYEIQKN daTTaVN:
2191 - - 2417
Kcal/nuépa AUEHQH EVEPYEIOKNG Kcal/nuépa
damavng 226 kcal
(p<0.001)
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40 1 Table 4. Subsirae inteke and addition during @ 24-b period or
s oeserkary eay erel e odey beaining wiboasingle sesion ol
et el fraining G413,

=
‘g ——-- No exercise
3,, a0 — Single bout of S| Secentary ot
E Fnargy balarcn (kiisags Rh? 4 THA AME = TE
3 Friendy eepernum kit HiAH 4 a3 T = R0
= Frendy incake kI ELrCRIRET PR LTI 1Y
-E 204 Froteir balarce jg/day 124144 i A ]
4] Frocein oxddation (adayd 782132 674 =35
% Prooein intake (gicay! 905 L 217 897 27
@ Carbobydrate balianioe (o 655 £ 16.5 Es5=128
= 101 Carbabpsirate orication (s} 7407 + 198 2658 — 145
E Trrol corbnbyrlrate mbake fgddey! 3312 #1000 3305 — 00
@ Fibor carhobyeimne inmake (o) 2545 4+ 1 4 i — 1.3
c fat balance ioiay e e [ e |
L 04 —— Fatodisation jgidiay) qod L3 §95 - 5.1
@ .@, _@ (9 @ @ Fatirzaka (g/day) 802124 Fa Ry
@'ﬁg .\"Lél .\6@ {9@ @@ c;bt& 10t are mean - SF. 1 keal = 41568 ki

*Canoes differarce betwesn sedertary ard ST clay 0F < 00015
T All other comparizons zre P 0.0

Time of day £

Tablz 3. [rey masdrrs ad Ranlamny SOaoe @i 30ing a 20 aeind or & sedamay dip A0 3 a3y BRIrTag win & snge

=0 o AT el fEneg 5T

Zreny axosrbrs i RFEty BChIge [F10
limz 2F day Sedentany I Secentan sl
g Ty
Te i 1035 | 085 EETIE 09l | oo Hazell, 1. 1, 1. D, Clvers L 1 Hamulton, and P, W, Lemon,
R 33 1053 381 031 R 2012, Twa mintes af speint-interval exeedee elicits 24-he
B8 | 6.3 A1 103 JES 231 EERET wovgs co s pion similar o dat of 30 win of
EES | 0.3 a1 Lan aEE 0 GEL | cantinwnis emdicance exescee, Tor § Spoet Mot Freac.
482 |08 2231 04 25 A 08 | B Motgh, P76 28
53101 201 10 15 aM 08 | B

A0Enon evepyelakng darmavng 50-150 kcal/nuépa peiwvel g

v Tubavotnta adénong Bapoug oto 90% Twv aVOPWTIWY

Stroebele et al., 2011

Meiwon Tou CWHATIKOV AITIOUG PE TN SIOAEIPUOTIKA
TIPOTIOVNGN VWNANG EVTOO

15 eBdopddeg pomovnon
3 popéc/eRdopdda
40 AeTttd: 60% VO, peak

15 eBdopddeg pomovnaon
3 popéc/eBdopdda
20 AeTtTd: 8s sprint + 12 S ATTOKATAOTOON

L 024
R k= | -
2 _— CONT g — HIE
B R == .
= z
% o E; 0.0
B s . _—
. i -y |
& &
2 -2 A
o §' 02
= T -
&5
4 0.3
2 _ *A0&non tng VO2peak
e *Meiwaon ATtoug ota TI6d1a Kol OTNY KOIAIG
P = *Meiwan ¢ IVooLAIvNG NpPepiag =
g 31%
- .
-le
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Reduced Exertion High Intensity Interval Training (REHIT)

10 AemTd CUVOAIKOC XPOVOG (GoKNoN + JIOAEIMPOTO)

N_20.
10-20s 10-20s

3 min 3:20-3:40 min 3 min

20-40 devutepOAemTa Kabapr) doKnan

Reduced Exertion High Intensity Interval Training (REHIT)

VO2max: 112-14% (XOUNAEG APXIKEG TIMER)

Avépsc Mova iKsc

A 80 - B B0
oS * -9~ REHIT
- = == Cantrol
. L I
] 70 - =0= Control £ 704
£3 £F
=5 E 5
_— E E £ E _—
gL 6 gL 607
¢ 5 £
gﬁé 50 1 £ % s
E E
40 T 1 40
pre post pre post
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Muscle @lycogen
{rnmrokky diy weigh

PGCin mRNA/GAPDH (AL.)
= o= m N oW
n O o S O

=

0 30

180

=

P asma VoluTe Changr:
5 fram sasalna)

Reduced Exertion High Intensity Interval Training (REHIT)

Posi-crereise fime (mits)

180 min

Flg. I The cffcet of REHIT ca vasms fateralir glveopen coccontra-
tiza. Dhata are presented as mean = SEM v = 101 *F « D05 va, pro

GLUT4 mRNAIGAPDH (A.L.)
L)

[ . -3

32 al

Feet Cugedze Time (King

P=0.08

180 min

A

e L

E

o S

=

R T TR

H

il -

i 78 wd

g '

E } —4- REE™

2 . =8= AER

L n g * T
. Hre LI (24l | |

LTABLL 2: Negligence Lawsuils: Aostai and Proffit

FProfhi v,
el
Finess
Hioldiigs,

LLE.
o al. (131

Focte  Whal
Heppened

During his firet parsonal fraining
apgslon, 18 plaintie (Foetal, who
was 46 years uli, unerseight,

and Inactiva) suared a haarl
atiatk fawand tha end af his
G-minig sassion. Continua ity
thraughou the workou, the fralner
kepl pushing Rostai 1o perfom:
slrenugus exartizes Irepeatad sels
and fast reps af bench praseas and
calisihenics with na rest pariods)
despite signs and sympboms ol
QUBTBXBMON and saveral reqUBsls
by Foetal for 3 braak. By the and
af the sassion, Rostal was in
axirema pain and tald his fralner
to call 911 hacause ha thoug he
wag having a hearl mtack.

Tha personal fimess frainer, in
the first session with the pialmin
{Profiitt, who had not worked ol
in 20 yeare and wa ovarwalnm),
had him pertoms numenus bouts
af sirenugus squatling exarcisas
and direcied him 1o cominue he
exercises even aller signs and
EymptomE ol ovarexeriion and
rBOUaEE by Frofitt 1o sap. For
many hours after the sesslan,
Pmflitt

axperlanced extreme pain and
tatigue and. afler 36 hours,

ha noticed s urina was dark
browm, He went b the emengency
runm whens he was diagnosed
as having mahda and wag
haspitalizad far B days.

Haart atlack

Fnabia
razuliing In
prmm nent
Injurles.
Inclutkng 30%
= al

Negligence Claims Against the
Defendants

Fioslal claimad thal the

delendants iihe tainar and

Taeility) were neglig enl beca s fhe
Arainer |2) fallad 1o assess his haalth
and physieal condition, In particular,
hiz ardiac risk factrs hators
BiArtise; |01 Angressively
challanped hins 1a perfom:

bayand his laval af physical

abllity and fnase aven afier
ohsarving him exhibiing cartain sinns
sy mplors; and |<f denied

hiz saveral raquests or a break
1hroughan the sassion.

The plainli Aled a negliganta
lawsufl againgt ha trainer and the
Tailily listing mumerous negligence
tialms. Soma of these Inciudad that
ihe parsonal frainar falled 1o (a}
‘assBEs e haalthTHnass status of e
‘tilent, (b} pravite an exerise
prugram within clienls sale finess
capactly, and |¢l raspond to 1ha cll-
B'E complaintz af fatigue during the
Araining seesion. Tha lawsull alsg
claimed thal the facilily failed to
BMsure thal the 1imess rainer was
praparly krainad to asgass he
plaintitt’s haalth history, assess his
fitness abilities, and design an
apprapriale Iraining progean. The
claims also wers flled &k gross and
‘wiliful'wanton nepligance.

Coart's Hullnq Far or Against
Flaintifi and Court’s Reasoning

AGAINST — The court ruled that
Fostal “assumad tha nske” aven
thaugh the courl ackn osle dged thal
Iha rainer was nagligent. that 1s, did
nol agsess plaimims level of imass
and may have Intarpreted plainiirs
camplaints |Aredness, shornass ol
breath, profusa sweading) as usual
signs ol physical exerion varsue
signemmploms of a haar atatk. The
caurt explained thair nuling by stating
Thal there was no evidence ol
Intentional or seckigss conduct on tha
pan of the trainer and. harefore, the
Plalntft assumed e risks.

ANafe: The primarny assumption of

nisk dafansa |s usually efiective in
pralecting dafendants for njunas
cauzad by inherent sk but nof for
mepigam tondud. L

ozt EsEene Time (M)

have disagread with this court's rullng
and reasaning.

SETTLED - far §75,000 hat
Included medical pxpensas of
$20,000 and lnst wages of $6,000.
Aats: Uihar similar lawsutts
Invohing rhabdo agalnst 1Hnass
Urainers and tacilitles also hava
aezurmed. In addion, severl
athletes in collegiale and high school
aihigtic programs have bean
hosphalizad with rhabro afhar
completing imense workouts. Ona ol
Hhese prograes imolved 13 football
players al the Unharsiy of lowa In
Z011. Tha Univarsity ol lowa's Eoand
ol Repens repart Indicalad hal the

strength and coaches
Tt nu knowdedye ol tabely (16).

_ ACSM's HEALT & FITNESS JOURNAL, Eickhoff_Shemek & Keiper, 2014

I". Mmoydavng, TEGAA Abrvag

12



. g : £TaBONIKN 0E£WO
'TGXUTGTSC (pUO'lO)\OYIKSC TIPOGAPHOYEG PAm(E‘rr‘( nsﬂfirrm)::l]) (0ANG_clvToun)
*Tpryopn €MOTPOQI] PETG OO OIOKOTTH doxnon LI a
TipoTIéVNang sAuénuévn  TIBOVOTNTO  EPQAVIONG |
-Gatewa}/ to exercise ooBaPCV  I0TPIKGV  GUHBOHATWY
*[lo €UXAPIOTOC TPOTTIOG AOKNANG (loxoupio puokapdiov), o€ ATOPO  TIOU
*Metwon e 0pegng (ykpeaivr, TiemTion YY) £X0UV TIPORANPO Kot €V TO YVWPi{ouv

*MAAPNG 10TPIKOG EAeYXOG (Va TIEPIAAHBAVEL Kal SOKIMAGia KOTIWONG)

*EvnuepwUEVOl ABANTIKOI ETTICTUOVEG

*[pocappoyr TwV TIPOYPOPHATWY doKNONG OTIG SUVATATNTEC KAl TO ETTITIESO TOU OOKOUHEVOU
*[po0deLTIKN avEnon G eMmBApLUVONG
*ZUVEXNG TIOPOKOAOUONGT TOU OOKOUPEVOU
«Mapouaia 1TPoL KaTd TV doknon (o€ aoBeveic)
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