The Effects Of Hyperoxic Recovery Following Higl
Intensity Interval Training In Hypoxia On The Blo
Oxygen Transport System And Aerobic Capacities

Asaf, Girgis Kalim

Doctoral thesis / Disertacija
2022

Degree Grantor / Ustanova koja je dodijelila akademsWnivesgity afi stupar
Zagreb, Faculty of Kinesiology / Sveu iliate u Zagrebu, Kinezioloaki fakultet

Permanent link / Trajna phbtpsfHucmnsk.hr/urn:nbn:hr:117:460678

Rights / PrAttabution-NonCommercial-NoDerivatives 4.0 |riltra ematvamae -
Nekomercijalno-Bez prerada 4.0 me unarodna

Download date / Datum pre 2028 a2;40

Repository / Repozitorij:

Repository of Faculty of Kinesiology, University of
Zagreb - KIFOREP

DIGITALNI AKADEMSKI ARHIVI I REPOZITORILII



https://urn.nsk.hr/urn:nbn:hr:117:460678
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://repozitorij.kif.unizg.hr
https://repozitorij.kif.unizg.hr
https://repozitorij.unizg.hr/islandora/object/kif:1611
https://dabar.srce.hr/islandora/object/kif:1611

FACULTY OF KINESIOLOGY

Girgis Kalim Assaf

THE EFFECTS OF HYPEROXIC RECOVERY
FOLLOWING HIGH INTENSITY INTERVAL
TRAINING IN HYPOXIA ON THE BLOOD OXYGEN
TRANSPORT SYSTEM AND AEROBIC CAPACITIES

DOCTORAL DISSERTATION

Zagreb2022



L 1(=,2/2a., )$.817(7

Girgis Kalim Assaf

8p,1&, 2325%$9.%$ 8 +,3(52.6,-, 1%
INTERVALNOG TRENINGA VISOKOG INTENZITET/
U HIPOKSIJI NA TRANSPORTNI SUSTAYV ZA KISIK

| AEROBNE SPOSOBNOSTI

Doktorska disertacija

Zagreb2022



FACULTY OF KINESIOLOGY

Girgis Kalim Assaf

THE EFFECTS OF HYPEROXIC RECOVERY
FOLLOWING HIGH INTENSITY INTERVAL
TRAINING IN HYPOXIA ON THE BLOOD OXYGEN
TRANSPORT SYSTEM AND AEROBIC CAPACITIES

DOCTORAL DISSERTATION

Supervisor
SURI GU VF /DQD 5XaLu o'

Zagreb2022



L 1(=,2/2a., )$.817(7

Girgis Kalim Assaf

8p,1&, 2325%$9.%$ 8 +,3(52.6,-, 1%
INTERVALNOG TRENINGA VISOKOG INTENZITET/
U HIPOKSIJI NA TRANSPORTNI SUSTAV ZA KISIK

| AEROBNE SPOSOBNOSTI

Doktorska disertacija

Mentor
3URI GU VF /DQD 5XaLu GU PHG

Zagreb2022



Information on Mentor

3URI /DQD 5XaLa 0 3K '

Professowith tenure in Exercise Physiologyana Ruzic, is a medical doctor and scientists holding

a position at Department of Sport and Exercise Medicine at Facul§inekiology, Zagreb,
Croatia. Currently she is also the Head of the PhD program in Kinesiology. Her work may be
recognized through more than 150 various publications among which many published in journals
indexed in Web of Science and Current Contentshdats and almost 1000 GS citations. She was

a collaborator or project lead in several projects dealing with exercise and diabetes, exercise and
altitude adaptations, sports endocrinology, GENperform test and she is a reviewer for several
scientific journas. Her personal interests are exercise physioldggstatebaseddiagnostics),
exercise prescription in chronic diseases, especially exercise in altitude and adaptations in winter
sports. These topics she also teaches at postgraduate program in Spmetaipational medicine

at School of Medicine, University of Zagreb. Her medical background and previous 15 years of
experience as a medical advisor for headtlated physical activity in several fitness centers
provide her an important bond of science prattice.

Apart from her scientific and university duties, the sports backgrouRdodéssor/ DQD 5XaLu LV
skiing. Sheis ISIA accredited international ski instructor and for that reason she developed a

special interest in exercise at high altitudes.



Abstract

Sports experts and coaches have been continuously looking for new approaches and methods to
improve athletic performance across different sports. Out of the methods proposed are the hypoxic
and the hyperoxic training methods, which have recegéined popularity. Hyperoxia was
previously used in special clinics; however, it has become easily accessible to athletes with the
GHYHORSPH@WSRIWIRBTXLSPHQW 7KH SURSRVHG VWXG\ DLP\
impact of added hyperoxic conidihs during recovery and peBigh-intensity interval training

(HIIT) in hypoxic conditionsThe study posed two hypotheses: a combination of intermittent high
intensity hypoxic training and recovery in hyperoxia significantly improves the aerobic gapacit

than when recovering in normoxaad acombination of intermittent high intensity hypoxic training

and recovery in hyperoxia significantly improves the oxygen transport parameters than when

recovering in normoxia.

7TKH VWXG\TV VDM atbdiedaQed @3XtG 2D. Athletegsere divided into three groups
adhering to the intervention protocol as follows: Kypo+Hypergroup(N=16) which performed

HIIT in hypoxiawith a recoveryprotocol 15 minutes at FiO2=0.42) Hypo group(N=16) which
performed HIITin hypoxia followed by recovery in normoxia, and (3) a control griuspl7)

which performed their everyday activitidsach of thefour weeks, the intensity of the HIIT and
continuous trainings increasd by 5%. HIIT hypoxia exercise protokconsiss of six bouts of one

minute at 80 to 95% of HRx each weelat higherrate, respectivelyfollowed by 2 minutes at

60% of HRnax The study adoegd D TXDQWLWDWLYH DSSURDFK WKURXJK
samples preand postintervention taneasure retlloodcell parameters related to oxygen transport

as well as the aerobic capacity measured by theualtreadmill test. The intervention lasltfor

four weeks with three sessions of training per week.

The most evident changes recoded amthreggroups within theerobic endurancparameters
pertain to the hypenypo group At maximal exertionthe significant changes were observed in
maximal oxygen uptake (VO2maand the maximal speed reachesiHypeHyper group had a
larger increasas opposed to control groag expecte¢b < 0.05and p<0.01, respectivglas well

asopposedo Hypo group (p<0.01%ignificant changes anaerobic thresholshvolvedsignificant



increase in oxygen uptakehen HypeHyper group was compared to contr{#s<0.05) while in
only Hypo group that effect was nabnfirmed As for hematological parameters, th®ost
important changgertain tosignificant hemoglobinincreasewithin the Hypo+Hyper group as
opposed to the control gro@p<0.01). The significant dference in hemoglobin between the Hypo

group and controls was not noted.

The study contributes to thmdy of knowledge regarding the effects of such a design on aerobic
endurance parameteasnd the effects ofHIIT training in hypoxia and hyperoxiarecovery and
concludes that the optimal training method for short periods like 4 weeks is that of the high intensity
interval training group with hyperoxia recovery (HIIT#Oaccepting both hypotheses proposed

by this doctoral dissertation. Indeed, a comklion of intermittent high intensity hypoxic training

and recovery in hyperoxia significantly improves the aerobic capacity and the oxygen transport

parameters than when recovering in normoxia

Keywords: High-intensity interval traininghyperoxia, normobarichypoxia, oxygen transport,

aerobic performance, athletes



6DAHWDN

6SRUWVNL VWUXpQMDFL L WUHQHUL NRQWLQXLUDQR WUDA&H
SHUIRUPDQVL X UD]OLpLWLP VSRUW RWiuRIDe s2Gd edeMBOIRAHQL
KLSRNVLpQD L KLSHURNVLpQD PHWRGD WUHQLQJD NRMH +
zdravstvenim institucijam@ Hy XWLP V UD]YRMHP R SU H#&jéllakQ dvstopaF X PMH \
VSRUWDRERPDV W U Dialy Raxij btvritHpotencijalni utjecaj intervalnog treninga
YLVRNRJ LQWHQJLWHWD +,,X \XOKbBS RXVR B Q UPPXtaMjehakdiiFSIH U R N
dvije hipoteze: kombinacijadlIT treninga u hipoksiji soporaviom X KLSHURNVLML ]QD
SREROpdkabaele DHURE QH L] @& WisporbtibiYsRistiky protokolom uzporavak u
normoksiji, WH WDNRYHKIREWRRUBRBNB SRN prjjegndskdsxkd H VXVWDYD ]D

Uzorak ispitanika XNOM X p LOYdaktiRniM AOD GLK P Xiadob bwd EDdo 20 godina
podijeljenih u tri skupineovisno oprotokol intervencije kako slijedi: (1) Hypo+Hyper skupina

(N=16) koja je izvodila HIIT u hipoksiji s protokolom oporavka 15 minuta pri FiO2=0,4®)

Hypo skupina(N=16) NRMD MH L]YRGLOD +,,7 X KLSRNVLML QDNRQ |
normoksiji i (3) kontrolna skupingN=17) koja je obavljala svoje svakodnevne aktivnosti.
Intervencija je trajala 4 tjednaz 3 treninga tjedndJ svakomRG pHWLUL WMHGBgD LQWF
SRYHa BMD]D SURWRNRO YMHAEDQMD +, sésijd trgajgedhuM H VDV V
minutu pri 80 do 95% HRmaovisno o tiednu) QDNRQ pHJD VOLMHGH PLQXWH S

NajYDAGBUMHP MHQH |DELOMHAHQH 8kidzak|jaAINXER. BDWP L QAW B UYR V
se naHyperHypo VNXSLQX 3UL PDNVLPDOQRP QDSRUX XRpHQH
maksimalnonprimitku kisika (VO2max) i maksimalnj postignutojbrzinL W U D pyp&HYder L +
skupingeimalaRpHNLYBDQIRSRUDVW XrdhGsRupX(p& D,0B iR€DW1), kadoH U L

od Hypo grupe (p<0,01)PURPMHQH QD DQDHUREQRP SUDJX XNOMXpLY
primitka kisika u Hypo-Hyper skupimnu usporelbi s kontrolom (P<0,05), dok u Hypo skupini taj
XpLQDN QLMH SRWHUKHEDWWRRAEM LMK SDUDPHWDUBe @DMYDaC
]QDpDMQR EdrReéhtratleevindglobinau Hypo+Hypergrupi u usporedbi &ontrolnrom
(p<0,01)doktakva UD]JOLND L]PHYX +\SRnaheXSRW MUYy NEBRWURO



Ovo LVWUDALYDQMH SUR GBQ QprhwbRdkdaigdihatfemnga na pokazatelje
DHUREQH L]GWAKMDYRWWLIL REMH KLSRWH]H SUHGORAHQH R
z D N O Ms¥defelbptimalna metoda treninddG LV W U D & L Y Zakyatha raSdodjaiiouiR4

tjiedng onauz HIIT trening u hipoksiji uz oporavak u hiperoksiji.

. O M X p Q HntgrudhHiehing visokog intenzitetglllT) KLSHURNVLMD QRUPREDUL
WUDQVSRUW NLVLND DHUREQD L]YHGED VSRUWDAL
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CHAPTER ONE

1. GENERAL INTRODUCTION

1.1StudyTV % DFNJURXQG

The sportsbusiness has become a prominent, bildailar industry across a variety of
disciplines. Major investments are being conducted throughout competitions, especially those that
include athletics. Competition has never been fiercer. Hence, elite athletes ®affi a
considerable amount of stress to perform to their fullest potentials and achieve outstanding results

(Barata, Cervaens, Resende, Camacho, & Marques, 2011).

Sport experts and coachlegve examined alternatives to illegal dopiodegally enhance
DWKOHWLF SHUIRUPDQFH 7KH ODWH VL[WLHV PDUNHG DQ LQF
DQG VXEVHTXHQWO\ WR LWV RB&is Rshhifués werk sSitH ikahbd= W U D L (
performance asealevel and endurance, especially in power sportsndby, Millet, Calbet,

Bartsch, &Subudhi2012. The use of hypoxic and hyperoxic trainihgs not been considered
illegal; therefore, throughout the yeatisese training methods have bekvised to guarantdbat

athletes, acrosg&arioussports, receive ultimate benefits.

1.1.1 Hypoxic Training

The hypoxic method incorporates training at high altitudesraming camps or in a
simulated hypoxic environmer{Feriche GaréaRamos, Caldero’nSoto, Drobni& Bonitch
Go'ngora2019.

Altitude training is a complex procedure, and results may not be achieved easily. Indeed,
during the first period of hypoxic exposure, the athlete may be subject to some neffietitse e
such as jet lag (due to travel), increase in ventilation work, dehydratidiecrease in training
capacity all of which ultimately decrease cardiac outpMith time, thebenefits of altitude training

become visibleand the athlete, among othlings, benefgéfrom an increased erythrocyte volume



and capillary densityaccording taviillet, Roels, Schmitt, Woorongnd Richalet(2010) some
benefits also include an increase in maximal aerobic exercise capacity and muscle buffering
capacity as well as exercise econorfaus, inan effort to attaindesired hypoxia effectsha
equilibrium between the positives and the negatives should be established. Furthetrnsore,
worthy to note thatlthough there is a generally positive percaptof altitude training, not all
athletes benefit equallyn order to obtain maximal benefits from hypoxic training, it is crucial to

accomplish haematological adaptations and retain training intensity at the same time.

Most ofthe athletes who do noebefit from hypoxic traimg suffer from iron deficiency;
without iron, the bdy cannot produce erythrocytdsat are vital to achieve the desired results.
Moreover it seems that untrained subjects are more prone to achieve better results than trained
athetes According toSinex and Chapma(015), when trained individuals arrive at higher

altitudes, their training intensity diminishes, impacting their general performance.

According to Millet et al. (2010), over the years, hypoxic training developedmattiple
protocols, which include the following:

- Live High-Train High (LHTH)

- Live High-Train Low (LHTL)

- Intermittent Hypoxic Exposure (IHE)

- Intermittent Hypoxic Training (IHT)

- Repeated Spring Training in Hypoxia (RSH)

Although each of these five methods have their own characteristics, as elaborated on in the
sections to follow, they still share common ground: (1) The idi#lide at which to conduct
training is set between 22 meters and 2500 metef®) exposure ought to last four weeksr

twelve hours a dgyand (3)one might start noticing results starting 18 days after exposure
1.1.1.1Live High-Train High (LHTH)
LHTH technique is considered one of the oldest and most famous forms of altitude training.

LHTH is effective when conducted over four stages. The first stage is acclimatization,

which lasts between seven to ten days, depending on the subject. During thighghase,



athlete isexposed to high altitude without starting intensive trainirfge second phase is

the primary training, which lasts between two and three weeks. During this pase,
athlete starts increasing the intensityhad/hertraining progressivgt prior to reaching a

point at which the intensity is maximal, the athlete gradually decreases the intensity,
reaching stage three, the recovery phase, which lasts between two to five days. The fourth
and final stage is the return to desel phase in wich the athletes returned to regular-sea

level and, with time, ra@dapts to altitude changé$1TH is meant to increase the red blood
FHOOVY YROXPH 5&9 LQ DWKOHWHV ZKLFK LQ WXUQ
boosting athletic performanceNotade experiments were conducted ohHTH;
Mellerowicz gathered twentjwo East German police officers and exposed some of them

to an d&itude of 2020metersfor four weekswhile the others lived and trained at dewel.

The resultsevealedhat the groupnemberdiving at altitude undoubtedly had a great boost

in their running performance and their ¥xincreased significantly compared to the-sea

level group Mellerowicz was therefore able to prove that the LHTH trial is effecage (

cited inLundby et al, 2012)

1.1.1.2Live High-Train Low (LHTL)

Many experiments based on the LHTL method have been conducted, the most notable
being/HYLQHYTV DA Q@ GHWUMH Qekperiment. This method is favored among
others because the athletenot required t@hangehis/hertraining regime or intensitythe

D W K QégiaH ffaihing at selevel remais unchangedLevine and StrayGundersen
(1997) concluded that LHTL is anffective method for elite athlete3he experiment
consisted of athletes living for twenggven daysat 2500metersand training at 1250
meters The resultgevealed a rise in aerobic performarasewell as iroxygentransport
capacity.Since that paper & published, there has been a high rise in popularity of that

type of altitude training.

1.1.1.3Intermittent Hypoxic Exposure (IHE)



IHE consists of exposure to hypoxic airest. Julian et a{2004)conducted an experiment
on IHE; however the results were disappointing. IHEd not boost any factors related to
performanceOther studies, such as a doubland study, have also concluded the same:
IHE is not an effective altitude training methdtbnethelessnore experiments are needed

in order toconfirm these results.

1.1.1.4Intermittent Hypoxic Training (IHT)

IHT is als known as livdow train-high and is the exact opposite of LHTL. Athletes live
at sealevel but train at higher altitudesA variation of this technique exists, named
Voluntary Hypoventilation Athletes simulate hypoxia by holding their breaths and keeping
their inhalations at low volumegccording to WooronsMucci, Aucouturier,Anthierens,

and Millet (2017) reducing breathing frequency is effective boosting anaerobic
performancelHT hasvariousbenefits Compared to actual training in high altitudes, IHT
doesnat force the athlete to change theiritiag environment nor lifestylat allows for
muscle excitability to remain unchanged atkeeel. After experiments on different groups,

it was noticed that IHT increased the performance of swimmers, cyclers, and runners
compared to the normoxia training group results. One can tmedude that IHT boosts
performance compared to training regular sedevel conditions(Faiss, Girard, &
Millet, 2013)

1.1.1.5Repeated Spring Training in Hypoxia (RSH)

The effectiveness of RSH is examined in the following experiment. A total of 32 college
females were randomly sampled. Sixteen of which underwent RSH, and the remaining
participants, part of a control group, underwent training in normoxia (RINg.
experment focused on female athletes, contributing to an existing gap in the literature.
Indead, RSH effect might be minimal ifemales apposedio males because female
arterial Q desaturation is less sensitive to hypoxic stimdeénce, the experiment begins
with familiarizing the athletes with RSN and taking their baseline measurenidms.

resultsrevealed that thRSN group, which was subject t@Ok= 20.9%, had minimal to no



change in their power outputs, in comparison to thehtyaiaing numbers. However, the

RSH group (FO2= 14.5%, similar to a 300Meteraltitude environment) had a boost in their
power output, in comparison to their graining figures. Furthermore, RSH group
members achieved a longer time to exhaustion (TTE) compared to the RSN group members,
who had no variation in their TTE. As foretime to realize results, the RSH group started
seeing an increase of the power outputwvo weeks. The RSN didot benefit from that
increase until the fourth week. iBhexperiment demonstrates that RSH has a beneficial
effect on female athletegsible throughan increase intHP D OH DpoweOdditduH V
(relative topertainingnumbers), an increase in their training stimulus (shorter time to reach
desired results), or a prolongation of the time to exhausiimen that this experiment was
conducted oriemale athletes, generahpg the results to male athletes is not possible due

to biological differencesHowever, the RSH was included in theekly training of the
athletesand may be introduced into the training schedule of any athlete, male or female.
Therebre, it is highly possible that the subjects of this experiment were to be male
athletes, the same results would be noted. Nevertheless, additional tests would be necessary

in order to prove this theorKésaj Mizuno, Ishimoto, Sakamoto, Marui&,Goto, 2015.

Hyperoxic Training

The hyperoxic methods involves training with an exposure to air that contains a high oxygen
percentageHyperoxia has been the focussaiveraktudies as wellOnestudy samples eight male
elite athletes, who have undergone five sets of thriite high intensity cycling followed by a
threeminute active recovery periodsome cyclists performethe exercise under hyperoxia
(FiO2=0.36) and the others undeormoxic conditions (©2=0.21). The fifth set of exercise was
performed until exhaustion, which was reached when the rpm dropped below 85 for more than five
seconds. To measure results, time to exhaustion was rec@adeédoxygen saturation was
measuredThe study was debuted because of the hypothesis that HIIT low@raril increases
tissue hypoxa. Therefore, the hypothesis is as followstHe SO2 doesnaot decrease, then
performance might be improved. The study, which is a siblykeled, randomizedcontrol trial,
concluded that time to exhaustion is longer for the hyperoxic gcougpared to the normoxic

group. Additionally although the - levels decreased, as expected, for the normoxia group, they



remained the same for the hyperoxia group. &itlose levels remained unchanged, one can

concludethat hyperoxia increases performance when applied during Bhyg 2016).

Another study gatheretDO-meterelite runners and hurdlers and exposed them to hyperoxia
during intense intermittent traininghe objective was texaminewhethertheir oxygen saturation
(S02), acidosisand heart rate recovery are affected compared to training in normoxia. Indeed, the
conjecture is that breathing hyperoxic air haseffect on those three factoiSO2 decreae is
prevented, blood acidosis is delayedd heart rate recovery is improved after the exercise. To
prove ths theory, the runners were subjected to 3x3xB@ber runs on a treadmill in three
different conditions(1) Normoxia,(2) hyperoxia during exercise and recovery (ERHCa6)d(3)
hyperoxia during recovery alone (RHOX). To measure the changes of the factors at play, a fingertip
blood sample was taken from #tle athletes. The results came as follo@sygen desaturation
was only mted in the NOX and RHOX groupsthereasthe ERHOX maintained the samel8
levels. As for the blood pH, blood lactatnd heart rate, they remained unchanged. One can
therefore caclude that hyperoxia does prevent a reduction in oxygen saturdatlomngela,
Hamalainen, & Ruskd002).



CHAPTER TWO
2. INTRODUCTION INTO THE PROBLEM
AND LITERATURE REVIEW

Chapter Two synthesizeglevant research studies that either support or underthe use of
hypoxic and hyperoxic techniques in training. It also presents various topics related to hypoxic and
hyperoxic training.lIt is worth notingthat research related to hypoxic and hyperoxic techniques is
yet to be built as the number of stugl@esent do not yet provide a clear consensus regarding these

modes of training and the implications that they pose.

2.1Hypoxia

Studies were conducted to assess the efficacy of hypoxic training on athletic performance
in various sports and training programs. Moreover, the impact of hypoxic on athlete health has been

examined in the literature.

Prior to presenting the literature on hypoxic training, it is worth noting@hapman et al.
(2014) attempted to find the optimal altitude for athletes to benefit from hypoxia in sea level
performance. As such, Chapman et al. (2014) hypothésaehigter altitudes yield greater
performance enhancements among athletes than lower altitudes. Their study sampled 32 males and

IHPDOHVY FROOHJLDWH GLVWDQFH UXQQHU 7KH SDUWLFLSEC

WUDLQLQJ DQG WHV ¥sigaed, inaQaBdatrHnaknevy t6 FbQr Higher altitude living
conditions, 1780 meters, 2085 meters, 2454 meters, and 2800 meters. Participants trained at
common altitude, ranging from 1250 meters to 3000 meters, and tests were conducted at sea level
pre- and post intervention. EPO was also measured several times. The resulisitpogention

indicated the following:

x The middle two altitude groups (2085etarsand 2454 raterg improved their times
significantly in the 300@neter time trial.



x EPO was at aignificant high in all groups after 24 hours and 48 hours.
X After returning to sea level, erythrocyte volume presented similar, significantly high results.
ThereforeChapman et al. (2014) conclude that optimal altitudes lie between 2000 meters
and 2500 raters.

2.1.1Hypoxic (I lHFWV RQ $WKOHWHVY 7UDLQLQJ

Generally, the studies presented have not yet established a clear consensus on the efficacy
of hypoxic training as some findings support this method while others deem it as unconducive to
the achievema of desirable training outcomes. Moreover, studies acknowledge the benefits of
hypoxic training yet note its limitations and recommended further corroboration and/or
contribution to the findings on hypoxic training. The studies are presented belovoapddbased

on their standing regarding the efficiency of hypoxic training.

2.1.1.1 Advocates of Hypoxic Training Studies have shown that hypoxic training is
beneficial to athletes when it comes to their performance. A couple of these studies ategresen
in this section.

Hendriksen and Meeuwsen (200B\estigate the impact of intermittetriaining in a
hypobaric chamber ahephysical exercisef triathletes, training at 2,500 meters. After nine days,
the results revealed:

X In hypoxia,a significantincrease inthe maximal power output, the anaerobic mean power
and the anaerobic peak poweas observed

X In hypoxia, maximal oxygen uptake (¥& recorded no changes

X No change at sea level was evident.

Accordingly, Hendriksen and Meeuws€2003) concluded that intermittent hypobaric
training improves the aerobic system.

Hamlin, Lizamore, and Hopkins (2017) conducted a systematic literature search within five
journaldata bases. The groups analyzed were a hypoxic group with natural dattdraltitude
and a control group with sealevel\SR[LF LQWHUYHQWLRQTV G XBMHVKXRQV¥Y DV
indicated an improvement in hightensity intermittent running performance pbgpoxic

intervention regardlesef the altitude training mbabd” (Hamlin et al., 2017) Moreover, the



performancen intermittent and livenigh interventions, the dose hypoxia, and the inclusion of
training in hypoxia were unclear, creating a literature gap daatbe attended to with further
research.

Nonethelss, Hamlinet al. (2017) esthlish that hypoxic interventionmproves high
intensity running. Hence, coaches can consider hypoxic training methods to improve performance

and customize these methods to best suit training schedules (téam@lir2017).

Moreover, Park and Lim (2017) explain that swimming performance depends on
interchangeable components that include aerobic exercise capacity, anaerobic power, and muscular
mechanisms. They argue that hypoxic training method enhance performance as oppaisétto
at sedevel. Hence, to suppattieir claim, Park and Lim (2017) conducted aweek study on 20
elite, 10 belonging to the normoxic training group, who trained and resided at sea level, and 10
belonging to the hypoxic training group, who traireéb26 mmHg hypobaric hypoxic condition

but resided at seavel. Findings revealed the following:

x Muscular function and hormonal response parameters showed significant interaction
effectsLQ PXVFXODU VWUHQJWK DQG HQGXUDQFH -

x 7TKH K\SR[LF WUDLQLQJ JURXS GHPRQVWUDWHG D 3VLJQ
FRQVXPSWLRQ SHDN DQDHURELF SRZHU DQGn¢@ELPPLQJ
and the 40aneter.

As such, Park and Lim (201%¢)aimed that hypoxic training is effective in improving
muscular strength and endurance in elite athletes as opposed to the normoxic group. Moreover,
despite the changeserobic exercise capacityv@2max), anaerobic power, and swimming
performance of 50 m and 400 nthe researchers argue that there remains uncertainty in how these

factors change as opposed to the normoxic training group.

Czuba et al. (2019) assessed the efficacy of intermittent hypoxic training among biathletes.
They studied performance and aerobic capacity in 14 male biathletes, assigned into a hypoxic or
control groups.3The hypoxic group had trained three times in a week in a normobaric hypoxic

environment and had a lactate threshold intensity determined in hyptxe@acontrol group also



trained three times per week under normoxic conditions and had a lactate threshold intensity
determined in normoxid.The training program was composed of three weekly rigofes and
were followed by three days of recovery. Theules revealed t:
X S, QWHUPLWWHQW K\SR[LF WUDLQLQJ VLJQLILFDQWO\ LQF!
X RT postincremental test was increase 27.4% in normoxia and 26.7% in hypoxia.
X SThe capillary oxygen saturation at the end of the maxinfalteih hypoxia increased
significantly.”
Thus, & ] XED HW DO FRQFOXGH WKDW WKHUH H[LVW 3E
K\SR[LF WUDLQLQJ SURWRFRO RQ DHURELF FDSDFLW\ RI ELDW

2.1.1.2Critics of Hypoxic Training . Despite the benefitsf hypoxic training mentioned
above, some studies have established that hypoxic training does not lead to desirable outcomes or
that the evidence presented is insufficient in yielding accurate results. The studies are presented in
this section.

In a reseech study conducted b8hephardBouhlel, Vandewalleand Monod(1988), a
total of 16 participants, dividedequal DPRQJ PDOHY DQG IHPDOHV B3SHUIRUP
testson a cycle ergometer breathing ambient air and a mixture of 12% oxyg#érogen =~ ZKLFK
is equivalent to a 440Meter altitude. Results revealed a 28% decrease of peak oxygen intake and
a slighter decrease in power output as a result of hypoxia. Results also showed a slight decrease in
peakheart rate, peak blood pressureglpgentilation, and peak blood lactate concentration. Upon
further analysis, Shephard et al. (1988) conclude that the reduction in arterial oxygen saturation
contributes to the impairment in oxygen transport; however, the decrease in heart and iroventilati
mildly contributed to this impairment (Shephard et al. 1988).

A number of studies have suggested improving muscle mechanical efficiency requires
exposure to a high altitude with acclimatization for more than 60 years. To fustestigatehese
resuts, Lundby, Saltin, and Hall (2000) revealed the impactlifferent altitude levels on 153
participants, ranging from sdeavel residents to highltitude ones and from sedentary individuals

to world-class athletes, through a review of the literature.
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To begin with, living between 20 to 22 hours a day at an altitude of 2,500 meters and
training at altitudes between 1,250 meters and 2,800 meters does not cause a difference in running
economy.

Moreover, in a second study, de&el individuals resided fagight weeks at an altitude of
4,100 meter and higaltitude individuals performedycle ergometer exercise at the same altitude
in ambient air and severe hypoxi@hanges were not noted amongstie oxygen uptake and

mechanical efficiency between sdabel and acclimatization and between the two groups.

Finally, in a third study, no changes were eviderdyistemic or leg V@during the cycle
ergometer exerciseNo changes were detected, as wallring the 21-day exposure to 4300m
altitude Nonetheles, at an altitude of 5,260 meters, after nine weeks of acclimatization, a decrease
in the submaximalO2 was noted in nine subjects with severe hypoxic exposure. Given that severe
hypoxia led to this decrease YOz, reduction is related to the lack of @an rather than the

anatomical or thehysiological adaptations to high altitude.

According to the results of several studies, Lundby, Saltin, and Hall (2000) cotichide
SHIHUFLVH HFRQRP\ UHPDLQV XQFKDQJHG DIeWuRHdpeeOLPDWL]
Seiler, Binggeli, Mullis, and Vog2003) examined the endurance of 12 trained cyclists under
normal training and with hypoxia. Group one trained und@okig conditions, corresponding to
an altitude of 3200 meters, with an anaerobic threshold. The second group had a same relative
intensity at 560 meters. Athletes underwent performance tests under normoxic and hypoxic
conditions. Results revealed the foling:

x Normoxic and hypoxi®/O2zmax maximal power output and hypoxic weckpacitydid not
improve after six weeks.

X Oxygen saturation and in maximal blood lactate concentration increased in group one.

x Ferritin levels were diffieently decreased in botroups.

X Both groupshad an increase in reticulocyte.
ConsequentlyVentura et al. (2003) concludbat he integration of six weeks of high

intensity endurance training did not result in improving the performance of the trained athletes

whether thidraining was performed in hypoxic or normoxic conditions.
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Rodriguez,Truijens Townsend, Stragsundersen, Gore, and Levine (20@Xamine the
impact of a fortweek resting exposure to intermittent hypobaric hypoxia for three hours/day, five
days/week andoi a 4008meter to 5500neter altitude, as opposed to exposure to normoxia with
both cases alongside training at 4®zel. Rodriguez et al. (2007) measure performance and
maximal oxygen transport among 23 runner and swimmers, randomly assigned to leypobari
hypoxia and normobaric normoxia groups, with 11 and 12 participants respectivelytriishe
tests were conducted aN®2max VO2maxat ventilatory threshold, ventilatipand heart ratevere
measured at week one and week thireboth groups, time tl performance did not improvand
among the two groups, no significant differences have been recorded pertaining to the change in
maximal uptake, maximal oxygen uptake at ventilatory threshold, ventilatiod heart rate
Rodriguez et al. (2007) conckithe dose of intermittent hypobaric hypoxia was insufficient to

instigate a notable change in eitleeteria.

Deb, Brown, Gough, Mclellan, Swinton, Sparks, and Mcnaugh{2@17 quantified the
impact of severe hypoxia exposure on exercise capacityparidrmance through employing a
systematic review with a thrdevel mixed effects meteegression. Through reviewing the
literature on exercise performance (Time Trails TTS) and capacity (time to exhaustion test, TTE)
with severe hypoxic exposure and W PR[LF FRPSDUDWRU 'HE DW DO fV
overall decrease in TTS and TTE; moreover, less thamtimate exercises did natanifest any

ergoltic effect from severe hypoxia.

2.1.2Hypoxic Training Physiologicallmplications

Similar to the above, findings on hypoxic training in its direct impact on physiological
dimensions are varied astmultaneously tackle one or more aspects of physiology. The sections

to follow present the findings per physiological dimension.

2.1.2.1 \ascular Health. Many beneficial adaptations related to vascular health are
associated with Exercise Training (ExT), including an increase in skeletal muscle capillarization
and vascular dilator function and a decrease in arterial stiffness. Nonethatedssige evidence
is yet to be established when it comes to whether hypoxic conditions may trigger enhanced effects

when EXT is performed.
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Montero and Lundby (2016) review 21 controlled studies on 331 individuals, aged 19 to 57
years, out of which 26&re males. EXT programs were extended from three to ten weeks, mainly
consisted of cycling endurance training perforrmedormobaric hypoxia onormoxia, and were
of an intensity similar to the groups trained in hypoxia and normoxia. Results reveal@tethat
skeletal muscle capillarization and the vascular dilator function were enhanced with ExT performed
in hypoxia versus normoxia; however, the arterial stiffness wasvimrttero and Lundby (2016)
conclude that hypoxic EXT increases the powerasfcularadaptations related to skeletal muscle

capillarization and dilator function

2.1.2.2Changes in Muscle and Cerebral Deoxygenationillis, Alvarez, Millet, and
Borrani HYDOXDWHG 3WKH GLITHUHQW OHYHOV RheadRUPRED!
DQG FHUHEUDO R[\JHQDWLRQ DQG SHUIRUPDQTHhe s@GmpléLQJ UH
FRPSULVHG RI VL[ PDOHV DQG ILYH IHPDOHYV 3SDUWLFLSDWI
simulated altitude nearse@HYHO ~ (DFK R Wkvith & I2ZMiMuteRw@vhup &hdl Dvas
followed by two 1Gsecond sprints as well as the repeated cycling sprindnésexhaustion. The
measurements utilized incorporatgmbwer output, vastus lateralis, and prefrontal deoxygenation,
oxygen uptake, femoralrtery blood flow, hemodynamic variables, blood lactate concentration,
and rating of perceived exertion.$ GHFUHDVH LQ SHUIRUPDQFH DQG SXOV
hypoxia as compared to 400 meters was noted. Moreover, muscle hemoglobin differensai@nd tis
saturation were lower at 3800 meters than at 200 meters and 400 meters so was deoxyhemoglobin
at 3800 meters as opposed to 2000 meters. In addition, reduced changes in peripheral total
hemoglobin and greater changes in cerebral oxygenation were; notehges in cerebral
deoxygenation were greater at 3800 meters than at 2000 meters and 400 etelindings to
this study corroborate that performance in hypoxia is limited due to the continuous decrease of
oxygen saturatiorNeverthelessa cerebrahutcregulation of increased perfusion accounting for
the decreased arterial oxygen confaruld exist and allow the continuation of the task (Willis et
al., 2017).

2.1.2.3 Hemoglobin Mass ResponskicLean,Buttifant, Gore, White, and Kem{2013)

examined the year to year variability in altitude induced (hypoxia) changesnrigshib elite

athletesThey sampled 2 Australiarparticipantghat completed two high altitude, at 2100 meters,
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training camps separated by 12 months. An additioime& athletes participated solely in the first
19-day camp and another 11 athletes participated solely in the secdiag fr&ining camp. Carbon
monoxide rebreathing was utilized to assess totak&pre- andpostinterventionas well as four
weeks after the caps.Mclean et al. (2013) concludéldatthe two preseason camps yielded a 4%

mean increase in Hiass

The studies reveal that the adaptation to natural or simulated moderate altitude does not
stimulate the production of red cells enough to increaseettdolume (RCV) and hemoglobin
mass (Hbasy. Nonethelessaccording to Hahn and Core (2001), evidence on increasing red cell
volume is weak; it is thus improbable for the adaptatiomyfmoxia toimprove sea level V@nax
If red cell volume and hemoglobmass were elevated, enhancement might be possible.

Neya, Enoki, Kumai, Sugoh, and Kawahar@007) examineW KH LP S Bighty 3R
normobaric hypoxia and high intensity training under hypoxic conditions on running economy and
hemoglobinmass. Neya et al. (2007) sampled Z®llege long and middidistance runners,
assigned to three groups, namely (1) Hypoxic residential groudiitburgnight ata 3000 meter
simulated altitude(2) hypoxic training grougrained in Tokyo for an altitude of G@eters with
additional highintensity 3Gminute treadmill sessions at 3000 meters for 12 days during the night
intervention and (3) control grou@.he entire study lasted for 29 nightkeya et al. (2007) reported
the following results: No significant ©ianges in time to exhaustion in all three grougs.
significant changes in VO2 max in all three groujs. significant changes in total hemoglobin
mass in all three groups. $ O i&khypwixic residential group showed around 5% improvement of
running econmy in normoxia after the intervention.

Neya et al. (2007) concluded that the intermittent hypoxia dose at 3000 meters for
11hour/night for 29 nights to enhance EPO or2\Waax was insufficient; nevertheless, this dose
improved the running economy at raceasgp

SaunderGarvicanLewis, Schmidt, and Gore FRQGXFWHG D VWXG\ WLWO!
EHWZHHQ FKDQJHV LQ KHPRJORELQ PDVV DQG PD[LPDO RJ[\JlI
examine the relationship between hemoglobin mass and maximal oxygerm.uphkat study
samples 145 elite endurance athletes: Bnel posthypoxic-intervention testing was conducted,

particular for Hlassand VQGmax. Saunder et al. (2013) concluded that altitude training increases
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VO2max 0f more than half the magnituadé the ncrease itHbmass ©~ 7KHUHIRUH DOWLWXGF
recommended for endurance athletes.

Ryan et al. (2014)n 3AltitudeOmics: Rapid Hemoglobin Mass Alterations with Early
Acclimatization to and D&sFFOLPDWL]DWLRQ IURP Rlisc@settd® O W K\ +;
sustainable is the increase due to hypoxia with extreme altitudes, greater than 5000 meters. Ryan
et al. (2014) aim at identifying how long would the change imdtbast. The tests were carried
out on healthy male and female participants both atesehand at 5260 meters, one, seven, and
16 days after this highltitude exposure. Ryan et al. (2014) also examined participants at an altitude
of 1525 meters for seven or 21 days. Findings indicated the following: @asddbhigh altitude
remainedlte same when compared to sea level afteday of exposure, (2) Hlassincreased by
3.765% after seven days of exposure to hypoxia at 5260 meters, {@}iRdreased by 7.666%
after 16 days of exposure to hypoxia at 5260 meterdgr@ti1525m, Hiaas decreasedfterseven
dayswhen compared to the tests at 526€tens at 16 dayand was similar to sea level results.

Ryan et al. (2014) conclude that WRsincreases within seven days of exposure to 5260

meters altitude hypoxjand this increase issbfollowing the descent to 1525¢eter.

2.1.2.4 Rate of Erythropoietin Formation Eckardtet al. (1989) examined %he early
changes in EPO formation in response to hypoxXiae studied included around six volunteers that
were exposed to 3000 meters @000 meters altitude for a duration of 5.5 hours in decompression
chambes. Serum samples were withdrawn every 30utesduring this altitude exposuas well
as from two participantsafter 4000meter hypoxia Moreover, EPO from these samples was
measuredyy radioimmunoassay. According to Eckardbutellier, Kurtz, Schopen, Koller, and
Bauer(1989), the study yielded the following results:
X The mean EPO values increased from 16.0 to 22.5 mU/ml atr@@@simulated altitude.
X The mean EPO valuéscreased from 16.7 mU/ml to 28.0 mU/ml at 46@8ter simulated
altitude.
X The increase in EPO above copesds to 1.§old at 3000meters and 3:fold at 4000
metersn the calculated production rate of EPO.
x EPO levelsstill rosefor about 1.5 hours.
x EPO level declined exponentially after 3 hours.

X The average halffe time was 5.2 hours.
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2.1.2.5 Lactate ParadoxLundby, Saltin, and Hall (200@xaminefive Danishlowland
climbersat sea level during severe exposure to hypoxiaoaedfour, andsix weeks after arrival
to the Mt. Everest basecatpHY DO XDWH W KH “Refuks\sHowtihat SdakdibGdRevels
are the same at sea level and under hypoxic conditions. A weekaeflenatization to 5400
meters, levels decrease. Four weeks later, the level remained low as opposed to severe hypoxia. Six
weeks later, the climbers had a peak lactate level similar to those indicated in severe hypoxia.
Therefore, Lundby, Saltin, and BIO O FRQFOXGH WKDW WKH 30ODF
Jmpermanent metabolic phenomenbat is reversed during a long period of exposure to severe
hypoxiaof more KDQ VL[ ZHHNV ~

2.1.2.6 Muscle Protein Turnover and the Molecular Regulation of Muscle Mass
PasiakosBerryman, Carrigan, Young, and Carbq2617) examined® W phifsiological basis for
disrupted skeletal muscle mass during acute and chronic hypoxia as well as the mechanism by
which the negative energy balance may modify those effects andnatbeséss of muscle mass
in lowlanders that live at high altitudeThe nutritional interventions thatan preserve muscle

mass during energy deficit at high altitudeere also discussed.

2.1.2.7 Skeletal Muscle Tissue Changes with Hypoxidloppeler, Mueller, and Vogt
(2013) examine the effects of hypoxia during training sessions, canceling the negative effects

caused by hypoxia. Results revealed the following:

X An upregulation of the regulatory subunit of the hypear@ucible factor tPossbly as a
result to this upregulation, an increase was determined in the levels of mRNAs for
myoglobin, vascular endothelial growth factor and glycolytic enzymes.

X An increase in mitochondrial and capillary densities

x Positive effects on V&@nax on maximal poer output and on lean body mass
Hoppeleret al.(2013) conclude a positive effect on the risk factors pertaining to particular

cardiovascular diseases.
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In conclusion, the abov® HQWLRQHG HYLGHQFH VXJIJHVWV K\SR[LF F
exercise prgramsand health

2.2 Studies inHyperoxia

Studies have also been conducted in order to assess the efficacy of hyperoxia training on
athletic performance in a variety of sports and training programs. Moreover, the impact of
hyperoxia on athlete healtta$ been examined in the literature. Data on the hyperoxic method is

varied as presented in the sections to follow.

2.2.1Hyperoxic (I ITHFWV R Q T$aMiKgOHWHV

2.2.1.1 High Intensity Interval Training. Manselin and Sédergard (2015) examine the
effecs of high intensity interval training on the performance of cyclists and triathletes. The tests
and trainings were performed at the Swedish School of Sport and Health Sciences (GIH) in the
laboratory of applied sport science (LTIV), where 12 athletes aiaduHIIT sessions and low
intensity sessions over a period of 6 weeks. The athletes were divided into a hypoxia exposed group
and a normoxia exposed grolesults indicated that only the group exposed to hypoxic conditions
showed improvements in the meaower during the performance test. The training model
benefited both groups as V&anincreased for all participants. HIIT protocol proved efficient in

maximizing performance (Manselin & Sodergard, 2015).

2.2.1.2 Endurance ExercisePrzyklenk et al(2017) sampled eleven male athletes. Over a
period of four weeks, the participated performed repeated unipedal cycling EN in hypoxia,
hyperoxia and normoxia. Przyklenk et al. (2017) aimed at investigating-tehortendurance
exercise (EN) in hypoxia to ext decreasethitochondrial adaptation, peak oxygen consumption
(VOz2pea and peak power output (PPO) compared to EN in normoxia and hypdbespite a
reduced exercise intensity, increaddubd lactate and rate of perceived exertion levels in hypoxia
revealed higher metabolic load compared to hyperoxia and normvxieover, peak power output
changed across the groups. An increase in electron transport chain complexes was also evident in

the groups but was at its highest in hypoxia-iBluced mitochondrial adaptibiltiy and exercise
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capacity remained unchanged in hypoxia and hyperoxia as opposed normoxia; essentially, short
term EN under hypoxianay not necessarily weaken the mitochondagdptation and exercise

capacity,andhyperoxia does not increase adaptation.

2.2.2 Hyperoxic Training Physiologicdimplications

Keramidas, Kounalakis, Debevec, Norman, Gustafsson, Eiken, and Mekj§2011)
examined the normobaric paradox theory tigio sampling 10 healthy males, exposed to two
distinct conditions. The first group was breathing normal air while the second was breathing 100%
normobaric oxygen. The period of exposwastwo hours and bbod samples were taken
examine changes in EP€ncentrations. The results of the blood tastscatedthat (1) EPO
increased 8 and 32 hours after the normal air exposure (dtgentatural diurnal variation), (2)
There was a noticeable 36% ER@&crement threours after the normobaric exposured &8)
EPO concentration was higher in normal breathing conditions than in hyperoxic breathing

conditions, three, five, and eight hours after the study.

Still, some claimedhat hyperoxia does not impact EPO concertation among healthy male
athletes. AlsolEPO varies in a manner consistent to the natural diurnal variation (Keramidas et al.,
2011).

Balestra,Germonpré, Poortmans, and Marr¢2006 3nvestigate the effect of rebound
relative hypoxia after hyperoxia obtained under normobaric and hyperbagemsbreathing
conditions on serum EPO levels through sampling 16 healthy volunteédr& H WHVWYV ZHUH FRC(
pre- and postintervention and after breathing 100% normobaric oxygen for two hours and a period
of breathing 100% oxygen at 2.5 ATA and 1.5uRadioimmunoassay measured serum EPO
concentration at various occasions during3B4hours after the experiment. The results revealed
the following:

x Serum EPO increased by 60% after 36 hours for normobaric oxygen intake.

x Serum EPO decreased by 53f&n24 hours for hyperbaric oxygen.

Nonetheless, th&changes were notrelateRt FLUFDGLDQ UK\WKP RI VHUXP (:
al., 2006).Balestra et al. (2006) conclude a sudden yet sustigicrease in tissue oxygen tension
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may act as a trigger fdEPO serum level. Moreover, this EPO trigger ishot present after

hyperbaric oxygen breathirigBalestra et al., 2006).

2.2.2 Hyperoxic Training and Recovery

MacDonald, Pedersen, and Hughson (1997) examined the effect of supplying extra oxygen
to the mscles during the recovery period between exercises. This extvagdlelivered through
hyperoxic gas breathing masks, wheeasoncentrated in far larger quantities than that of natural
air. The study branches into two ssifndies each containingeven athleteswith one athlete
common to both studiest aims at determining the kinetics of Y@rough the mean response
time, which is the time taken to reach 63% of total change in ¥@l to calculate oxygen deficit
and slow component. Group one wap@sed to normoxic and to hyperoxic gas breathing during
exercise below and above ventilatory threshold. The second group has the same breathing

conditions aboveentilatory threshold.

The results of the study indicated tha¢ supply of oxygen to musdissues contributes to
the control of the D2 for high intensity exercise®r sieps above ventilatory thresholoixygen
transport might not be a limiting factin light intensity exercisefor seps below ventilatory
threshold finally, regulatory mechasms for the usage and supply of oxygen may differ in on and

off transientsabove ventilatory threshold (Macdonald, Pedersen, & Hughson, 1997).

Pupis, Slizik and Bartik (2013) examine the effects of inhaling concentrated oxygen
(hyperoxia) on top leveldrate and judo players as a means of accelerating recovery time. Fourteen
karatekas and nine judokas aged between 22@mudrticipated in the study. Tl¢hletes inhaled
hyperoxic gas, containing 95 + 4 % oxygen,normal placebo air mixture before aafter the
match.Thelactate levelsvere measurenh athletesthreeand 10 minutes after finishing the game.

The results of the studgdicated the followingDirectly after the match, the average lactate levels

in athletes that inhaled hyperxoic air wids44 mmol/L and 10.43 mmol/L in athletes that inhaled
placebo air. Thus, this difference is not statistically significant. After the-thneete recovery
period, the average lactate level in athletes that inhaled hyperoxic air was 8.53 mmol/L compared
to 9.06 mmolL for those who inhaled placebo air. Thus, a respective 18.12 % decrease in lactate

levels compared to 13.4%. After the t@rintue recovery period, the average lactate level was 6.65
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mmol/L (36.3% decrease) in those who inhaled hyperoxic gapar@uh to 7.73 mmol/L (25.86%
decrease) in those who inhaled placebo air.

The results prove that the dynamics of lactate metabolism differ when inhaling hyperoxic
air and normal air. Thus, hyperoxic air accelerates recovery time after a karate or julo ng8¥ S L &
60OLALN % DUWLtN

Yokoi, Yanagihashi, Morishita, Fujiwara, and Al{g014) investigate the effects of
normobaric hyperoxia on the recovery of local muscle fatigue. Two protevenéscompleted by
11 healthy male participants. The first exercise was a sleglesometric knee extension (for as
ORQJ DV SRVVLEOH DW RI WKH SDUWLFLSDQWVY PD[LPXF
finishing the exercise, each percipient wabex treated with 20.9% oxygen or 30.0% oxygen for
half an hour. Then, an identical isometric task was performed and the extent of recovery was
measured. The results were as follows: 30.0% oxygen intake revealed a better recovery rate in the
maximum voluntary isometric contraction than that of the 20.9% oxygen intake case. The total
hemoglobin after the 30.0% oxygen treatment was of a higher concentration than that of 20.9%
oxygen. Thus, the studyoncludes that normobaric hyperoxic treatments serveterlvetovery

for muscles than normal conditions (Yokoi et al., 2014).

Kay, Stannard, Morton and North (2008) examitie effecs of hyperoxia during recovery
on peak power.The test considers three different scenarios: 21% oxygen supply, 60% oxygen
suppy, and 100% oxygen supply for amrdinute recovery period after 30 seconds of maximal
cycling exerciseTwelve male athletes participated in the testd the resultsevealed thal00%
oxygen breathing improved absolute power output. However, the réatigafe also increased.

Thus, the usage of such application in physically demanding sports is limited.

Sperlich, Zinner, Krueger, Wegrzyk, Mest®#,QG +ROPEHUJ reidgerid- Q H W K|
effect of hyperoxic recovery in elite swimmers performing kiglensity intervals. Sperlich et al.
(2011) argue that breathing oxygenriched air (hyperoxia) during the recovery period positively
contributes towards peak and mean power. To support their claim, Sperlich et al. (2011) examine

12 elite athletes, belonging either to the éngxic group or the normoxic one, during a-Bixiute
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recovery period post five repetitions of higihensity bench swimming with a maximum of 40 arm
strokes. Prior to and post the interventions, oxygen partial pressure and saturation as well as pH,
base gcess and blood lactate concentration were noted. The main findings to this study revealed
the following:
x Peak and mean power in hyperoxic recovery recorded significantly higher results as
opposed to normoxia, particularly throughout the third, fourtd,feih intervals.
X No evident changes were detected in blood lactate, pH or base excess throughout both
groups.
Therefore, Sperlich et al. (2011) conclude that peak and mean power are improved as a
result of hyperoxia in recovery among elite swimmers.
The studies aforementioned mainly reveal that hyperoxic recovery is conducive to athletic

performance and yields positive, desirable outcomes.

2.3 LHTH/LHTL training

Schmitt,Millet, Robach, Nicolet, Bagniaux, Fouillot, and Richal€2006) tested the impact
of the live high train low intervention among 40 elite athletes on aerobic perforraadan the
ecanomy of work.The studyf period was 138 consecutive dayand the athletes were split into
two equal groups: 20 athletes traihand slept at 1200 meters altitueeereas the other 20 athletes
trained at 1200metersaltitude and slept in hypoxic room8500 neterg for 56 nights and in
hypoxic rooms (3003500 neterg for 812 nights. Tests were conducted-pmad post oneday
and post15 days of the camp. The results were as follows: Frort@post oneday, the VQmax
increased by 7.8% in the hypoxic group and by 3.3% in the normal group. Frota post one
day, the peak power output increased by 4.1% in the hypoxic group and by 1.9% in the normal
group. After 15 days, the M@axreturned to preonditions in botlgroups. After 15 days, the peak
power output increased by 8.3% in the hypoxic group and by 3.8% in the normal Ajitend.5
days, the V@ and power at respiratory compensation point increased by 9.5% and g 11.2
respectively for the hypoxic group ang B.2 % and by 3.3% respectively for the normal group.
Schmitt et al. (2006) concludieat athletes exposed to hypoxic conditions showed greater increase

in peak power output than athletes exposed to normal conditions for the same increasesin VO
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Also, the efficiency of the live high train low is evident through the highet &@l power at RCP
15 days later.

RobertsonSaunders, Pyne, Aughey, Anson, and Ga64.0) yuantify the reproducibility
of responses to the LHTL altitude exposutterough samplig 16runners to complete two three
week blocks of simulated LHTL for 14 hours per day at 3000 meters or near sea level altitude at
600m. Changes in 4.5 km time trial performance were recorded as well as physiological changes,
including VOmax, running ecaomy, and hemoglobin mass. The results yielded the following
conclusions: Reproducible mean improvements VO2max and hemoglobin mass can be induced
due to 3 weeks of LHTL altitude exposure. Changes in time trials appear to be more variable than
the criteria mentioned in the first point. Robertson et al. (2010) concltiédg enhaced
physiological capacities alongside factossich asfitness, fatigue, and motivatipmpositively

contribute tocompetitive performance.

Moreover,Robertson et al. (2010¢portV tife changes in hemoglobin mass, performance
tests and competitive performance of athletes after exposure to simulated aradtituec
trainings " The participants of this study were nine swimmers that completed up to-feeelk2
blocks of combined limg and training at moderate natural altitude of 1350 meters and simulated
LHTL altitude exposure (2600 meters and 600 meters). The competition performance was
compared with that of nine similarly swimmers that were not exposed to altitude trainingudye s
reveals that each-®eek altitude block produces on average a 0.9% increasenigsHb0.9%
increase in 4mM lactate threshold velocity, and a 1.2% enhancement in 2000m time trial test.
Competition times remained close to those athletes that werexposed to altitude training.
Therefore, the study concludes that altitude training and exposure programs delodest

changes in physiologybut do not necessarily improve competition times (Robertson et al., 2010).

Siebenmann et al. (2012) studyetleffect of LHTL training strategy. This study was
conducted at Centre National de Ski Nordique ipfamon, France. The studied sample was 16
athletes, of whiclsix were exposed to normobaric normoxia and 10 were exposed to normobaric
hypoxia. Moreovernone of the participants have been exposed to hypoxia within the past month
before the study. In addition, none of the athletes actually knew of tl@ioos they were going

to face to ensure the elimination of any placebo effHoe total duration ofie study wagight
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weeks, of which the firdivo weeks served as a lead in point, where athletes were asked to stay for
a minimum of 16 hours inside their rooms (whether normoxia or hyp@xid)oaseline testing was
performed. The & our curfew carried on for the ndeur weeks, then finally, in thiast 2 weeks

of the study, participants were relieved from their rooms. The purpose of this was to monitor how

long would the effects of hypoxia last.

The tests conducted on the participants were performed at the hospital @ {al
Sentier, Switzednd). The end results of the study were as follows:

x The study failed to reproduce physiological changestdumsypoxia in the participanis
contrast with previous studies.

x Hbmasswas not affected as no significant difference was present betweendble@taoup
and the hypoxic group and the performances of athletes inkan2@ne trial remained
similar to prestudy level.

x VO2 max was not affected by the LHTL strategy. Exercise economy was not affected. The
erythropoietic response to LHTL is variestlveen participants, even those exposed to the
same conditions.

X The reduction in plasma volume, which may occur due to the confinement in hypoxic
rooms, counteracts any erythropoietic response.

X LHTL does not have a significant advantage over coneeatendurance training methods,
which, surprisingly contradicts many studies.

The study performed by Robach et al. (2012) tests the following hypotheses:

1. The live high train high intervention improves thezVhax

2. The improvement mentioned above is tméypoxia induced increase in total ks

3. The improvement mentioned above is not tudmproved maximal oxidative capacity.

Robach et al. (2012) sampled 16 endurance athletes, six of which were exposed to normoxia
and ten were exposed to normobagpoxic with a 300@neter equivalency for more than 16 hours
per day for a period of four weeks. The study concludes that the LHTH intervention did not increase
the VO max regardlessf the air conditions the athletes were exposed to. Thesklbcreasd

slightly by 4.6% in 5 out of the 10 athletes exposed to hypbutathiswas not accompanied with
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an increase in the VAmax. Thus, Robach et al. (2012) claim that the LHTH intervention has no
positive affect on V@max in endurance athletes.

Humberstone-Gough, Saunders, Bonetti, Stephens, Bullock, Anson, and Gore
(2013) compare two hypoxic interventions, LHTL and the acute (60-90 min intermittent
hypoxic exposure, to determine the direct efféots the runningnd blood characteristics of elite

triathletes.”

The criteria examined includetotal hemoglobin mass (Hbsy, maximal oxygen
consumption, velocity at V&ax time to exhaustion, running economy, maximal blood lactate
concentration ([La]and 3 mM [La] running speedSeventeemale andsevenfemale Australian
National Team triathletes took part of this experiment and wetghiited to groups for 17 days.

The three groups are (LHTL group (total of 240h of hypoxiaj2) IHE group (tothof 10.2 h of
hypoxia), and (3) aplacebo group. Afterpaad postcomparison tests between the three groups,

the study concluded that there is no evidence that supports the IHE training method for triathletes
(Humberstone-Gough et al., 2013).

PuglieseSerpiello, Millet, and La Torr€2014) counteract the claims that hypoxia benefits
are offset by the inability of athletes to actually maintain kigiming intensities in such conditions,
serving as a counterexample for successful LHTH interventiomvan Olympic athletes. The
athletes underwent a thraeeek LHTH camp witi2090 meters and training intensity greater than
91% of race pacesThe training diaries were collected, and sea level performance was recorded

before, during, and after the intervemtj” yielding positive results (Pugliese et al., 2014).

Moreover, Rodriguez et al. (2015) examine the effects of this altitude training on
performance, V@and Hhnassfor each of the 4 preparatory-g®ason training methods for 54 elite
swimmers. Threeraining interventions were included as follows:

x 4iving and training at moderate altitude for three and four week$1{8{iHi-Hi)
x 1iving high and training high and low (HHliLo, 4 weeks)
x diving and training at sea level (SL) (Hm, 4 weeks)
Measues were conducted initially, directly after finishing, and weekly after returning to

sea level for a duration of four weeks. Rodriguez et al. (2015) conclude thatdesighed 31-
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week program may impair performance immediately after the finish bunitegfi improves
performance after a recovery period at sea level.

In a more recent study, Girard, Millet, Morin, and Brocherie (2017) examined the LHTL
and the LHTH methods. Girard et al. (2017) examined twenty field hockey played for 14 days,
residing uler normobaric hypoxia and training in normoxia or under normobaric hypoxia with a
protocol of six sessions, constituted of sprints, passive recovery, and passive recovery. Running
pattern was assessed prior to and immediately after the interventiortsResehled the following:

X Running kinematics and sprifmgass parameters did not exhibit clear changes.

X No clear changes were also evident in the condition interaction for any parameters as time
progressed.

X Heart rate decreased post the intervention.
GLUDUG HW DO WKXV FRQFOXGH WKDW FKDQJHV LQ

Live High-Train Low and Live HigkTrain High hypoxic training are not evident.

2.4 Studies on Protocolef Altitude training

Levine and StrayGundersen (1997) evaluate the LHTL intervention among 39 elite
runners, participating in a twweek leagphase and followed by a foweek supervisetraining
at sedevel. Participant groups include the following:
X High-Low Group, living at a 250@neter altitude and training at a 125@eter altitude
x High-High Group,living and training at 2500meteraltitude
x Low-Low Group,living and training at 150meteraltitude
The criteriaexamined for the three includnaximal oxygen uptake, anaerobic capac
maximal steady state, running economy, velocity abnd) and blood compartment volumés.

Moreover, a 5000neter time trial was conducted.

The findings revealed that altitude groups had a 5% increase dRa38Dd a 9% increase
in red cell mass vaime. Time trial test, velocity at VM@ax and maximal steady state was evidently
improved in the HighLow Group. Therefore, Levinand StrayGundersen (1997) conclude that

LHTL, over a period of four weeksgnhancesperformance at seavel due to the alide
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acclimatization. Furthermore, the maintenance of sea level training velocities accounts for the
increase in velocity at V&axand maximal steady state (Levine & St@yndersen, 1997).

Rusko, Tikkanemand Peltonem2004) analyzed the impact of HigHigh (HiHi) and H#
Low (Hi-Lo) training strategies. In their analysis, the authors note essential reasons that indicate
why High-High fails to yield positive outcomes in particular cases, (1) a low altitude might be
insufficient to produce acclimatizatiogffects among athletes in short training periods, (2) the
SUHVHQFH RI 3LQVXIILFLHQW WUDLQLQJ VWLPXOL IRU WKH QI
anincreased risk of stress and infections duéaertraining symptoms™ D QG DQ 3LQIOXF
training intensity and physiological responses during altitude training 7 KH U HRuBkO,H
Tikkanem,and Peltonem2004 propose normoxia training, HiLo, to counteract the implications
of extended hypoxia. They also conclude that HiHi and HiLo may yieldiyp®sicclimatization
effects, especially in increasing the oxygen transport capacity of lamabe prerequisitesuch
as a minimum dss of 12 hours per day of hypoxia exposure for at least&wat an altitude of
21002500 meters, are met. Moreovéurther studies are required to understand the effects of
hypoxic training and the effects of severe hypaeapite the impact of endurangerformance
(Rusko, Tikkanem, & Peltonem, 2004).

Bonetti and Hopkins (2009) me#malytically reviewedthe effecs of the adaptioto six
protocols ohatural or artificial hypoxia on performance and related physiological meassids
HOLWH DQG HOLWH DWKOHWHY =~ 7KH VL[ SURWRFROV LQFOXG
1. Live-high trairhigh (LHTH)
Live-high trairlow (LHTL)
Artificial LHTL with daily exposure to long @8) continuous
Brief (1.55 hours) continuougeriods of hypoxia
Brief (<1.5 hours) intermittent periods of hypoxia
Artificial live-low train-high (LLTH)

S

Results revealed the following:

In subelite athletesthe substantial enhancement of maximal endurance power output was
3YHU\ OLNHO\ ZLWK DUWLILFLDO EULHI LQWHUPLWWHQW /+7/
long continuous LHTL, butuncleaZ LWK /+7+ DUWLILFLDO EULHI FRQWLQXR X
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the other hand, amorgljite athletes,®nhancement was possible with natural LHTL, but unclear

with the other protocols.

Moreover, aVO2max increase proved to beery likely with LHTH in sub eite athletes.
However,in elite athletesa reduction was possible with LHTHBonetti and Hopkins (2009)
conclude%hat natural LHTL is the best protocol for enhancing endurance performance in elite and
subelite athletes, and other artificial protocolge &ffective in sukelite athletes’. Nonetheless, if
modifications were introduced to the protocol, further alterations are possible.

Saugy et al. (2016) detectatie changes in physiological and performance parameters after
Live High-Train Low (LHTL) alitude camp in normobaric (NH) or hypobaric hypoxia (Hit
reproduce the actual training practices of endurance athidtdstesattended two LHTL 1&lay
camps, trained at an altitude of 1100 meterk2@0 meters, and lived at an altitude of 2250 nseter
under normoboric and hypobaric hypoxia conditioMeasurements and oxygemd oxygen
saturation (SpO2yere also recorded for both groups. P&nd training loads were collected day
to-day, and blood samples as well as;M@Qwere measured prand oneday postLHTL. A three
kilometer running test wasonducted near sdavel pre and posttraining camps at one, seven,
and 21 days. Results indicated an increasemsoreover, performance enhancement remained
similar in NH and HH conditions (Saugyat 2016).

2.5 Hyperoxia and Hypoxia

The majority of research studies have examined either hyperoxia or hypoxia separately.
However, a few studies have examined them together as presented in this section.

Susta, Dudnik, and Glazachev (2015) use mient hypoxiahyperoxia interventions
along with light training schedules to help athletes overcome overtraining syndrome to return to
regular performance. Susta et al. (2015) sampled 34 track and field athletes with 15 having the
syndrome. These 15 wepart of a condition program composed of repeated exposure to hyperoxia
with oxygen at 30% and to hypoxia with oxygen at 10%. For a total duration of four weeks,
interventions were conducted 90 to 120 minutes post a low intensitp 48 minute exercise
session of six to eight cycles, three times a week. The 19 remaining athletes were within the control
group, continuing normal training sessiorf&xercise capacityanalysis of heart rate variability
and hematological parameters were measureatbehdd WHU WKH LQWHUYHQWLRQ" ™ V
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Exercise capacity improvddom 170.8 £+ 44.8 W to 191.0 26 9 W+HDUW UDWH YDUL!
revealedan improved sympathparasympathetic indexow frequency/high frequency ratio with
1.45 + 1.71 after thantervention compared to 8.01 + 7.51 initially. €matological parameters
remained unchange®usta et al. (2015) conclude that a hyperbjaxoia intervention coupled
with light training schedules can treat overtraining syndrome recovery in a shod pktiime.

In a different study, Susta and Glazachev (2015) examine the effects of intermittent
hypoxiahyperoxia interventions on intermittent exercise of ay@arold football player over a
period of a 3week daily program. With hypoxic air of 11% oxygand hyperoxic air of 30%
oxygen, the exercise protocol incorporated a minute at 85% of maximum workload followed by a
minute at 50% of maximum workload. Pastervention, the athlete was able to complete 30 stages
of the exercise as opposed to 14 stagiiglly, the heartrate was at 169 beats/minute as opposed
to 182 beats/minute initially, and blood lactate was at 5.8 mmol/L as opposed to 7.3 mmol/L
initially. Thus, Susta and Glazachev (2015) conclubat intermittent hypoxishyperoxia

interventionamprovecardiovascular efficiency and lactate removal

Zinner,Hauser, Born, Wehrlin, Holmberg, and Sperigttal. (2015)%®xaminedhe effects
of breathing oxygen at different partial pressures during exercise recovery on the performance of
ten welttrained male endurance athletegh a special focus ompper body muscles and the
oxygenation of the mriteps brachiat seaevel, andan 1806metersimulated altitude. )R XU WULDO
tests were conducted as follows:
1. Trail One wagperformed undenormoxia.
2. Trail Twowas performed under hypoxia (HoQg= 0.165)
3. Trail Threewas performed under normoxia and hyperaxith hyperoxiaas arecovery
phase (HOX, 2 = 1).
4. Trial Fourwas performed under hypoxia and hyperaxitn hyperoxiaas arecovery phas
(HOX, FOz2=1).
Each trialinvolved three 3minute sessions on a doubpmling ergometer with -3ninute
intervals of recovery.
After analyzing theiresults, Zinner et al. (2015) conclude that that hyperoxia with either

normoxic or hypoxic training ealitions can aid in recoveigtervals
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Bayer et al. (2019) assess the eff@aftadding intermittent hypoxibyperoxic training to
a multimodal training intervention on the mobility and perceived héaftbld individuals. Thirty
four participants between tlages of64 and 92 years participated in thige to severweek test,

categorized by the following:

x $ PXOWLPRGDO WUD L Qrerigth, Erk@and¥,Lbalanve Héeactioh, flexibility,
coordnation, and cognitive exercises

X Hypoxic intervention consisted of breathing 14% oxygen fofour to sevemminutes.

X Hyperoxicintervention consisted of breathing 36%08% oxygen fotwo to four minutes.

The placebo treatment group breathed ambient air.

Results did not reveal a difference betwagpoxic-hyperoxic intervention and normoxia
DFFHQW XD \aidiqQgl infiKildevwt hypoxibyperoxic training to a multimodal training
interventiondoes not improve perceived health andbility “ (Bayer et al.2019).

In conclusion, Chapter Two has presented most of the literature on hypoxic and hyperoxic
training, highlighting the results of the research studies conducted yet noting the disparity, when
present, among these findingsd lead us to the probleohthis study:

The previous studies had usually investigated the effects of hypoxia and hyperoxia training
separately. Scarce number of scientiststried tocombinethe two techniques to achieve optimal
results Theeffects of Intermittent Hypoxidlyperoxia Training (IHHT) has been the main focus

of a number of studies. Nonetheless, extensive literature on IHHT is yet to be developed.

Th only similar experimentwas conductedon 32 cardiac patients suffering from
comorbidities.The patients were diged as follows: A group that benefited from a fiveek
program of IHHT and another than benefited from an eigddk exercise program with hypoxia.
The results of the experimerdgvealedthat both programs providehe same results in patients;
both group reached theame cardiorespiratory fitnesghissignifiesthat IHHT is a safe alternative
for cardiac patients who cannot undergo physical actiitydqik, Zagaynaya, Glazachev, &
Susta2018).
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A similar study in ischemic heart disegedients demonstrated that IHHafter the patients
were subjected to fifteen treatments during a thveek periodallowed for a noticeablmcrease
in exercise tolerance and fardecrease of angina attacgsswell aggave patients a more positive
outlook on their quality of life Once again, this study proved that IHHT is an effective option for
patients suffering from heart condition®ne can thus clearly conclude that past experiences
demonstrated that IHHT is a suitable option for patients sufférorg diseases that, in normal
circumstances, prevent them from practicing any physical activity. Previous findings have also
shown that IHHT has beneficial effects on people who have not previously suffered any cardiac
issues.

One study examined if hypetia has any effect on performance, training stimubrsd
recovery Findings from this study corroborated previous literature, revealingntiigidualshad
an ameliorated performanead longer time to exhaustiavhen the fraction of inspired oxygen
wasat 0.3 or moreMoreover, when hyperoxia was used during recovery, the performance of the

individual was better during the subsequexarciseslallette, Stewart, & Cheun@017).
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CHAPTER THREE
3. PROBLEM AND AIM

3.1.Problem

7R WKH EHVW RI WKH DXWKRUTV NQRZéands tperitvelitsl UH KD\
conducted that combindxrypoxichigh intensity interval training with exposure to hyperaii@ng
recovery. Moreover, all previous studies either studied hypoxiahgperoxia separatelyor
combined them but withoudlhe use oHIIT. Therefore, the ainof this dissertatioms to combine,

for the first time, HIIT with hypoxia, followed by hyperoxia at reshealthy able bodied subjects

3.20bjective and Hypotheses

Basal on the aforementioned, the proposed doctoral dissertation aims at determining the
LPSDFW RI WZR GLVWLQFW HQYLURQPHQWV RQ WKH DWKOH
incorporatehypoxia during higkintensity interval trainig and hyperoxia duringecovery.The
dissertation also aims at determinihg effectsof these environmentn blood oxygen transport
parameter®aQ DWKOHWHTY SHUIRUPDQFH PHDVXUHG E\ DHURELF F
research are set &dlows.:

Hi: A combination of intermittent high intensity hypoxic training and recoverjyiperoxia
significantly improvethe aerobic capacity than when recovering in normoxia.
H2: A combination of intermittent high intensity hypoxic training and recoverhyiperoxa

significantly improvethe oxygen transport parameters than when recovering in normoxia.

31



CHAPTER FOUR
4. METHODOLOGY

4.1 Approach and Design

The studyfollows a quantitative approach to the collection of data. According to Roni,
Merga, and Morris (2020), a quantitative approach is most suitable when the data to be collected is
numerical in nature. Therefore, quantitative methods require that comparable dza acr
participants is retrieved, and the type of analysis necessitates detecting patterns among the given

data in order to attain findings, interpret the results, and derive conclusions.

In addition, the study adopts an experimental design, given thasttitdly aims at
establishing a caussffect relation among a group of variables. The independent variable is
manipulated to determine the effects on the dependent variables. Also, participants are assigned to

groupsin a random manner

4.2 Sampling Method

A priori power analysis in free G*Power software was used in order to calculate the minimal
sample size for desired minimal power. The minimal acceptable power inag0s&0. The group
of Z testsand ANOVA within-between effects &rechasen. For the p set at p<0.05, the minimal
total sample with expected moderate effect size and for two repeated measurements in three groups
was calculated to be 42 total subjects (14 per group). A moderate effect size f =0.25 was chosen
Accordingto Cardnale and Ekblom (20)8the estimated hyperoxia training effects on2MQ
and performance were 0.15 to 1.0, respectively, signifying samall large effects. As it was
inconclusiveamoderate effecvas chosenTherefore, the sampis comprised of 8 (15% more
than required in case of a dropout) abtelied male studentaged 18 to 20 mainly the students

that are studying at sports Academy School and Antonine Univerdigirut.
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Participantswererandomly assigned to one of the following groymsdomization was
SHUIRUPHG E\ SORWWHU\" PHWKRG ZKHUH WKH SDSHUV ZLWK

from a bowl and assigned off, 2" and 3rd group consequently)

1. HIT Hypo group High intensity interval training groupith recoveryin normoxia N=16

2. HIIT Hypot Hypergroup: High intensity interval training groupith recoveryin hyperoxia
N=16

3. CTR: Control group, performing everyday activifids=16

Participantdrained three times a weekPerformance First Clulbacilities for a perod of
four weeks, adhering to their designated training protatoth will be explainedlater in more

details.

4.3 Procedure

4.3.1 Initial and Final Testing

The experimenbad two series of aerobic performantasting as well as laboratobjood
testing, separated by four micro cycles of trainifgui( weeks). The first series of testing

conducted initially before the intervention afidally, ten days after the last micro cycle.

Testing consised of a bbod test to determine the erythrocyte count, hemoglobin,
hematocrit, reticulocyte, MCH@mean corpuscular hemoglobin concentratioMCH (mean
corpuscular hemoglobinand MCV (mean corpuscular volumegarameters. In addition, the
aerobic capacity testirig notedby means of albut test with incremental intensity using treadmill
and metabolic analyzeFifmate PRQ COSMED, ltaly).

Before the treadmill procedure, spiromeisyconducted in order to exclude the subjects
with possible pulmonary obstructioNone of the subjestdemonstrated any possible pulmonary
obstruction, meaning FEV1 to FVK ratios obtained by spirometry were well above 80% and not

indicative of any COPDTheanalyzed variablearecomprise of parameters at maximal exertion
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(VO2max, maximal speed reached, H&) and parameters at anaerobic threshold (ANT) determined
by v- slope method (V@at ANT, speed at ANTandHR at ANT) expressed as absolute values as
well as relative values (percentage of maximum).
In sum, in order to attend to the purpose of the study, the following parameters, within two
categories, were measured prior to and post the intervention among the three aforementioned

groups.

(1) Category OneTreadmill Parameters, including
a. Parameters at maximal exertion
i. Oxygen uptak€VO2maxmeasured iml/kg-min?)
ii. Maximal speed reactkm/h)
iii. Heart rate (HRax measured in bpm)
b. Parameters at anaerobic threshold
i. Oxygen uptakéVOz2ant measured iml/kg-min-t)
ii. Speed at anaerobic threshdkin/h)

iii. Heart rate (HRnT measured in bpm)

(2) Category Two: Hematological Parameters, including
a. Erythrocyte count (measured in cells/mcl)
b. Hemoglobin (Hb measured in g/dl)
c. Hematocrit (HCT)
d. Reticulocyte(%)
e. MCHC (measured in g/dl)

f. MCH (measured in pg)

MCV (measured in fl)

Q@

Measurements for each variable were recorded at the beginning of thepstadyo the
intervention,andten days pst the end of the interventiofhe figure below represents recorded

instances of the treadmill parameters throughout the study.
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Figures 1a, b, c, d Recorded Instances of Treadnihrameters

7KH ILJXUH EHORZ UHSUHVHQWYVY WKH SDUWLFLSDQWYVY SDU\

parameters.
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Figure2. 3SaDUWLFLSDQWVY SDUWLFLSDWLRQ LQ UHWULHYLQJ WUH

4.3.2. Equipment andProtocols

As previously mentioned, participanigere randomly assigned to one of the following
groups The equipment and protocols of each graugreas follows

4.3.2.1HIIT - High intensity interval training group, normoxia recovery:

The training protocol in hypoxiavas performed forfour weeks withEverest 2 Summit
generator(Hypoxico, USA).Th is generator islso called hypoxicatorand it is portable
andquiet. It is the top of the line in hypoxic, altitude simulation technologyisTis the
ideal system for home or persoinae for any or all of the 3 training metho#isicch micro
cycle consised of one week with threetraining sessions. Each of tfieur weeks, the
intensity of the HIIT and continuous trainimgincreasd by 5%. HIIT hypoxia exercise

protocol consis of six bouts of oneninute at 80 to 95% of HRx each weelat higher
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rate, respectivelyfollowed by 2 minutes at 60% of H&. The recovery protocol for

experimental group HIITS 15 minutes breathing ambient air ast.

Figure 3. Hypoxico generator (commercial photo from official Hypoxico website)

4.3.2.2HIIT+02 - High intensity interval training group, hyperoxia recovery:

Similar to HIIT, the HIITHO2 group follows the same high intensity interval procedare
hypoxia However, the recovery protocol differs. Particularifpe trecovery protocol for
experimental group HIIT+&was 15 minutes at FiO2=0.4@ccording toCardinale and Ekblom
(2018, 0.21. t00.6 are safe rangeNowadays oxygen concentrators are also portable and easy to

use.Theequipmenusedwas DeVilbiss, USA.

4.3.2.3CTR- Control group, performing everyday activitieShe protocol for control
group incorporates foweeks of cotinuing the everyday activities with no training involvaaid

testing within the same timeframe as experimental groups.
The blood samples were take two days prior to the beginning of the asudgllasten

days after the end of the intervention in similar conditions and at the same time in the morning and

analyzedoy a licensed biochemistry laboratdrgboraoire d'analyse medicah Beirut.
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4.4 Data Analysis Procedures

Given that the study adopts a quantitative approach to the collection of data, data analysis
has been conducted \izestatistical softwareSPSSData was uploaded at two instances, prior to
the start of the intervention and 10 days post the complefidneointervention.The analyzed
variablesincluded parameters at maximal exertion, which\&@¥2max, maximal speed reached,
HRmax, and parameters at anaerobic threshold (ANT) determineddigpe method (VQ@at ANT,
speed at ANT,and HR at ANT) as well as hematological parameters, including Hb, HCT,
Erythrocyte, MCV, MCHC, MCH, and Reticulocyt&he statistical test adopted was factorial
ANOVA.

4.5 Ethical Considerations

All ethical considerations have been taketo account in this study. Participation was
voluntary, and participants were informed about the purposeprocedure of the studyhey
provided written consent prior to taking part in the stutlyey were also informed that thaye
able to withdrawheir participation. Moreover, they were given access to the results and were able
to ask the researcher any questions or share their concerns if and when Egleidgeccommitte
of the Faculty of Kinesiology, University of Zagreb approved the ethicabpénis thesin their
meeting on 28 March 2019
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CHAPTER FIVE

5.RESULTS

Chapter kve presents the findings of this doctoral dissertation, including descriptive
statistics of the anthropometric measurements for the participants of this Thedyghta was

analyzed via statistical software to yield descriptive and inferential statistics.

5.1 Participant Groups andtheir Characteristics

Forty-nine participantsaged 18 t®20 yearswererandomly assigned to three groups with
the following characteristics pertaining to the type of protocol adheredhe. descriptive

characteristics related height and weight are summarized in the table below.

Tablel Descriptive data by group

Hyper-Hypo Hypo Control
Height (centimeters) 175.94 £ 5.76 175.38 £ 5.95 179.69 + 6.65
Weight (kilograms) 71.13 £ 15.56 70.38 £12.71 73.62 = 8.28

5.2 Parameters at Maximal Exertion

This section provides a detailed overviewtlod descriptive and inferential statistics of the
parameters at maximal exertion, which include :MQ (ml/kg-min't), Maximal Speed Reach
(km/h), and HRiax (bpm).

To begin with, the table below displays the descriptive statistics of the parameters at

maximal exertion prior to and post intervention.
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Table2 Descriptive Statistics of Parameters at Maximal Exertion

Parameters Group

at maximal exertion

Prior to Intervention

Post Intervention

Mean Stand Mean Stand

Error of Error of
Mean Mean
VO2zmax (ml/kg-mint) Hypo+Hyper 49.34 1.24 50.79 1.18
Hypo 46389 1.24 4756 1.18
Control Group 48.04 1.30 46.71 1.03
Maximal Speed Reach Hypo+Hyper 14.8 0.41 1547 0.36
(km/h) Hypo 1366 0.41 13.86 0.36
Control Group 1388 0.40 13.12 0.35
HRwmax (bpm) Hypo+Hyper 201.2 1.34 200.® 1.06
Hypo 20075 1.34 202.91 1.61
Control Group 199.4 1.30 199.2 1.03

The changes in mean of the parameters at maximal exertion are evident yet mirshwadasn

Table 2. The mean of Vfdaxincreased in both Hypo+Hyper and Hypo groups with an increase of

1.5 and 0.9, respectively, but decreased in the control group from 48 tlA&min. The mean

of maximal speed reach increased the most in the Hypoer group with an increase of 0.7 km/h,

followed by an increase of 0.2 km/h in the Hypo group, but a decrease in the control group by 0.8

km/h. As for heart rate, a slight decrease occurred in the Hypo+Hyper and the control group with

0.4 and 0.8, respteely; whereas an increase of 2.1bpm in the hypo group was observed. The

figures below are a lingraph representation of the abovementioned results.

While VOzmaxincreased most apparently in the Hypo+Hyper group and less apparently in the Hypo

group,it decreased in the control group as Figgishows.
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Estimated Marginal Means of Vo2Max
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Estimated Marginal Means of VO2Max (ml/kg/min) befbrend after2 intervention at Maximal Exertion

Figure4 also reveals more significant increasdAxSpeed inHypo+Hyper group as opposed to
the Hypo, and, once again, a decrease in the control group as it pertains to the maximum speed

reach at maximal exertion.
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Estimated Marginal Means of MaxSpeed
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Estimated Marginal Means of MaxSpeed (km/h) befbrend after2 intervention at Maximal Exertion

Unlike VOzvaxand MaxSpeed, Figure pertains to the heart rate at maximal exertion. It
seems that it shows a more significant increase in the Hypo+Hyper group and a smaller one in
Hypo group and decrease in control group. ,3tilse changes are within several heartbeats so are
not consi@éred relevantNonetheless,hbse probably occurred because the first two groups
managed to reach their real HRmax after the intervention and beo&usaching higher

intensities.
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Figure5
Estimated Marginal Means ¢6fRmax (bpm) beforé and after2 intervention at Maximal Exertion

Following the, the table below summarizes the mean different (prior to and post

intervention) of parameters at maximal exertion, namelgw&, maximum speed, and HE.

Table3. Mean Difference of Parameters at Maximal ExertionEntire Sample

Parameters at Maximal Exertion

Measure Mean Difference (prepost) Std. P value
Error

VO2max (ml/kg-min-t) 0.26 0.1 0.105

MaxSpeed (km/h) 0.10 0.8 0.723

HRmax(bpm) 0.31 0.5 0.541
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*Significant at 0.05

The significance level is marked at 0.05. According to the results presented in the table

above, the changes in parameters at maximal exertion are insigrificémgwhole sample

Moreover, based on pairwise comparison, the table below depicts the results of the
parameters at maximal exertion. The table provides the mean difference, the standard error, the
significance, as well as the lower and upper boacwbrding to the groups, which was the main

am of the study.

Table4. Pairwise Comparison of Parameters at Maximal Exertigrgroups

Parameters at Maximal Exertion

Mea
n Lowe
_ Std.
_ Diff r Upper
Measure Time Group | Group J Emr P
eren Boun Bound
or
ce d
(1-)
Hypo+
Hypo 245 1.75 0.503 1.89 6.79
Hyper
Pre Control 1.30 1.72 1.000 2.98 5.58

Interventi Hypo Hypo+Hyper 245 1.75 0.503 6.79 1.89

on Control 1.15 1.72 1.000 5.43 3.13
VO2max
) Control Hypo+Hyper 1.30 1.72 1.000 5.58 2.98
(ml/kg-mi
. Hypo 1.15 1.72 1.000 3.13 543
n-
Hypo+
Hypo 3.23 167 0.176 0.91 7.37
Post Hyper
interventi Control 408 1.64 0.050* 0.00 8.16
on Hypo Hypo+Hyper 3.23 1.67 0.176 737 091
Control 0.85 1.64 1.000 3.23 4.93
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Control Hypo+Hyper 4.08 1.67 0.050* 8.16 0.00
Hypo 0.85 1.64 1.000 493 3.23
Hypo+
Hypo 1.16 059 0.2 0.30 2.61
Hyper
Pre Control 0.93 058 0.3 0.50 2.36
Interventi  Hypo Hypo+Hyper 1.16 0.59 0.2 0.261 0.30
on Control 0.23 058 1 166 1.20
" Control Hypo+Hyper 0.93 0.58 0.3 236 0.50
ax
Hypo 0.23 058 1 1.21 1.66
Speed
Hypo+
(km/h) Hypo 1.61 0.51 0.01* 0.34 2.88
Hyper
Post Control 235 0.0 0.00* 1.10 3.60
interventi  Hypo Hypo+Hyper 1.61 0.51 0.01* 288 034
on Control 0.75 0.0 04 0.51 2.00
Control Hypo+Hyper 2.35 0.50 0.00* 3.60 1.10
Hypo 0.75 0.0 04 200 0.5
Hypo+
Hypo 0.38 1.0 1.000 4.35 5.0
Hyper
Pre Control 1.18 1.87 1000 347 58
Interventi Hypo Hypo+Hyper 0.38 1.0 1.000 5.10 4.3%
on Control 0.81 1.87 1.000 3.84 5.46
Control Hypo+Hyper 1.18 1.87 1000 5.84 3.47
HR max Hypo 0.81 1.90 1.00 546 3.4
(bpm) Hypo+
P Hypo 225 187 041 598 1.48
Hyper
Post Control 1.57 1. 0.881 210 524
interventi  Hypo Hypo+Hyper 2.25 1.50 0.421 1.48 5.98
on Control 3.82 148 0.03¢ 0.15 749
Control Hypo+Hyper 157 1.48 0.881 524 210
Hypo 3.82 148 0.03% 7.49 0.15

*Significant at 0.05
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Based on the tabké above, significant results are apparent fotrvention in VQwax,

maximum speed, andRmax, particular as it relates to the following groups:

- For VOamax, significantdifferencesare visible between the Hypo+Hyper group and the
control group but are insignificant between the Hypo+Hyper group and the Hypo group
and between the Hypo groupdathe control group.

- For maximum speed, similarly, significardifferences are visible between the
Hypo+Hyper group and the control group, significant results are also visible between the
Hypo+Hyper group and the Hypo group, but are insignificant betwhezRypo group
and the control group.

- For HRnax the results argurprisinglysignificant between the Hypo group and the control
group but are insignificant between the Hypo+Hyper group and the Hypo group and

between the Hypo+Hyper group and the corgroup

As such, at maximal exertion, the results reveal that the intervention impacts the
Hypo+Hyper group when it comes to ¥{x and maximum speed. It also impacts the Hypo group

when it comes to HRxwhich was not expectdd happen as result of tramg.

5.3 Parameters at Anaerobic Threshold

This section provides a detailed overview of the descriptive and inferential statistics of the
parameters at anaerobic threshoMO2ant (ml/kg-mint), ANT Speed and HRwt (bpm) are
recorded. To begin with, the table below displays the descriptive statistics of the parameters at

anaerobic threshold prior to and post intervention.

Tableb. Descriptive Statistics of Parameters at Anaerobic Threshold

Parametersat Group Prior to Intervention Post Intervention

Anaerobic Threshold

46



Mean Std Err Mean Std Err

VOzant (Ml/kg-mint) Hypo+Hyper 37.02 1.02 3747 0.81
Hypo 3518 1.02 3559 0.83
Control Group 35.63 0.99 34.61 0.78
Speed at ANTkm/h) Hypo+Hyper 10 0.32 11.13 0.29
Hypo 10.44 0.32 1056 0.29
Control Group 10.& 0.31 1032 0.28
HRant (bpm) Hypo+Hyper 175.3 272 17556 2.62
Hypo 17206 2.82 174.00 2.60
Control Group 168.% 2.73 17088 2.52

Table 5 also depicts a minimal change in the different parameters at anaerobic threshold. The
change at anaerobic threshold is less evident than that at maximal exertion across all parameters.
VO2ant increased by 0.8nl/kg-mintin the Hypo+Hyper group as well dise Hypo group but
decreased by 1.1 in the control group. The speed at anaerobic threshold increased by 0.2 km/h in
both Hypo+Hyper group and Hypo group and, again, decreased by 0.5 km/h in the control group.
Finally, the heart rate at anaerobic threshotdeased by 0.3bpm in the Hypo+Hyper group, by
1.8bmp in the Hypo group, and by 1bpm in the control group. The figures below aregeajuhe
representation of the abovementioned results.

Figure 6 shows an increase in the Hypo+Hyper group as well @dipo group but a

decreased in the control group as it pertains tea &@naerobic threshold.
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Figure 6
Estimated Marginal Means of VO2 (ml/kg/min) befarand after2 intervention at Anaerobic Threshold

Figure 7 shows a morsignificant decrease in the control group through a sharper slope
than the increase in both, Hypo+Hyper group as well as the Hypo group, as it pertains to speed at

anaerobic threshold.
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Figure7
Estimated Marginal Means &peed (km/h) befork and after2 intervention at Anaerobic Threshold

Figure 8 shows an increase in all three groups as it pertains to heart rate at anaerobic

threshold; however, the increase was more apparent in the Hypo+Hyper group as well as the Hypo

group.
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Figure 8
Estimated Marginal Means of HR (bpm) befdrand aftef2 intervention at Anaerobic Threshold

The table below summarizes the mean different (prior to and post intervention) of

parameters at anaeroltizeshold, namely VéinT, speed at ANT, and HiRr.

Table6. Mean Difference of Parameters at Anaerobic ThreskmidEntire Sample

Parameters at Anaerobic Threshold

Measure Mean Difference (prepost) Std. Error P
value
VOzant (Ml/kg-mint) 0.05 0.4 0.942
Speed at ANT (km/h) 0.06 0.1 0.530
HRant (bpm) 1.4 0.5 0.011*

*Significant at 0.05
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According to the table above, the results are insignificant when it comeszaivVahd speed at

ANT but revealunexpectedaignificance for HRnt. Then the results were analyzed by groups.

Table7. Pairwise Comparison of ParametersAataerobic Threshold by groups

Parameters at Anaerobic Threshold

Mean
i . Lower Upper
Time Group | Group J Diff Std Err P
Bound Bound
(1-J)
Hypo+Hyper Hypo 1.84 1.45 0.630 1.75 5.43
Control 1.39 1.42 1.000 2.15 4.93
Hypo+Hy
Pre Hypo 1.84 1.45 0.630 5.43 1.75
) per
Interventio
Control 0.45 1.42 1.000 3.99 3.10
n
Hypo+Hy
Control 1.39 1.42 1.000 4.93 2.15
per
VOoanT Hypo 0.45 1.42 1.000 3.10 3.99
(ml/kg-
min-) Hypo+Hyper Hypo 1.89 1.14 0.313 0.94 4.70
Control 2.8 1.12 0.042* 0.08 5.64
Hypo+Hy
Post Hypo 1.89 1.14 0.313 4.70 0.94
. . per
interventio
Control 0.98 1.12 1.000 1.80 3.76
n
Hypo+Hy
Control 2.86 1.12 0.042* 5.64 0.08
per
Hypo 0.98 1.12 1.000 3.76 1.80
Hypo+Hyper Hypo 0.50 0.45 0.820 1.62 1.62
Speed Pre Control 0.11 0.44 1.000 1.00 1.22
at ANT Interventio Hypo+Hy
Hypo 0.50 0.44 0.820 1.62 0.62
(km/h) n per
Control 0.39 0.44 1.000 1.49 0.72
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Hypo+Hy

Control 0.11 0.40 1.000 1.22 0.99
per
Hypo 0.39 0.40 1.000 0.72 1.49
Hypo+Hyper Hypo 0.56 0.40 0.507 0.44 156
Control 0.80 0.40 0.148 0.18 1.79
Hypo+Hy
Post Hypo 0.56 0.40 0.507 1.56 0.44
. . per
interventio
Control 0.24 0.40 1.000 0.75 1.23
n
Hypo+Hy
Control 0.80 0.40 0.148 1.79 0.18
per
Hypo 0.24 0.40 1.000 1.23 0.75
Hypo+Hyper Hypo 3.25 3.99 1.000 6.67 13.17
Control 6.37 3.93 0.336 3.40 16.14
Hypo+Hy
Pre Hypo 3.25 3.99 1.000 13.17 6.67
) per
Interventio
Control 3.12 3.93 1.000 6.65 12.89
n
Hypo+Hy
Control 6.37 3.93 0.336 16.14 3.40
per
HRAaNT Hypo 3.12 3.93 1.000 12.89 6.65
(bpm) Hypo+Hyper Hypo 1.56 3.68 1.000 7.59 10.71
Control 4.68 3.63 0.611 4.34 13.70
Hypo+Hy
Hypo 1.56 3.68 1.000 10.71 7.59
Post per
intervent Control 3.12 3.63 1.000 5.90 12.13
Hypo+Hy
Control 4.68 3.63 0.611 13.70 4.34
per
Hypo 3.12 3.63 1.000 12.13 5.90

*Significant at 0.05

As we can see, there were not so many significant changes nardesibbic threshold

apart form the oxygen uptake betweétypo+Hyper andControl group.

52



In sum regarding the first hypotheses it seemsti@gbove results indicademe moderate

charges in group parameters pastervention, especially in the Hypo+Hyper group andHlgpo

groupin comparison to Contral¥hese changes are significant in the following gase

At Maximal exertion:

X VO2wmax in Hypo+Hypergroupincreased as opposed to control group (p value 0.05)

X MaxSpeedn Hypo+Hypergroupincreased as opposed to Hypo group (p value 0.01)
X MaxSpeed in Hypo+Hyper groupcreased as opposed to control group (p value 0.00)
X HRwmax in Hypo groupincreased as opposaacontrol group (p value 0.04)

At Anaerobic threshold:

x VO2ant: in Hypo+Hypergroup itincreasedis opposed to the control groypvaluelevel

0.04)
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4.4 Hematological Parameters

This section presents the hematological parameters, including d¢ilerythrocytecount
MCV, MCHC, MC andreticulocyte. The table8 below displays the results of the hematological
parameters pratervention and ten days after the intervention among the three groups,

Hypo+Hyper, Hypo, and Control.

Table8. Descriptve Statistics of Hematological Parameters Prior to and Post Intervention

Parameter Group Prior to Intervention Post Intervention
Mean Std. Mean Std.

Err. Err
Hb (g/dl) Hypo+Hyper 14.51 0.20 1569 0.19
Hypo 15.04 0.20 15.12 0.19
Control Group 14.99 0.20 14.92 0.18
HCT (%) Hypo+Hyper 4351 0.59 44.03 0.64
Hypo 45.1 0.58 45 0.64
Control Group 4629 0.56 4584 0.63
Erythrocyte (cells/mcl)  Hypo+Hyper 5.16 0.07 5.19 0.06
Hypo 5.16 0.07 517 0.06

Control Group 521 0.06 5.2 0.6
MCV (fl) Hypo+Hyper 8556 1.36 8544 1.36
Hypo 84.13 1.36 84.00 1.36
Control Group 87.00 1.32 87.8 1.32
MCHC (g/dI) Hypo+Hyper 33.04 0.18 3328 0.17
Hypo 3313 0.18 33.3 0.17
Control Group 3348 0.18 33.35 0.17
MCH (pg) Hypo+Hyper 29.3 0.25 29.00 0.28
Hypo 29.34 0.25 29.4 0.28
Control Group 29.84 0.25 29.61 0.27
Reticulocyte (%) Hypo+Hyper 1.10 0.06 1.12 0.05
Hypo 1.10 0.06 1.08 0.05
Control Group 1.12 0.06 1.05 0.05
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As depicted in tableB above, the results reveal the following among the different

hematological parametefshe significance tests of thilangewill be presented later n text)

(1) Hb increases the most in the Hypo+Hyper group from 14.5 g/dl to 15.7 g/dI, followed by a
slight 0.1 g/dl increase in the hypo group. In the control group, Hb remains constant.

(2) While HCT increases by 0.5% in the Hypo+Hyper group, it decreased by 0.1&cHiyplo
group and by 0.4% in the control group.

(3) Erythrocyte count remains constant among the different groups, prior to and post
intervention.

(4) Slight changes occur in MCV with a 0.2 fl decrease in the Hypo+Hyper group, consistency
in the Hypo group, and@8 fl increase in the control group.

(5) As for MCHC, slight changes are also visible from 33 to 33.3 g/dl in the Hypo+Hyper
group, from 33.2 to 33.3 g/dl in the Hypo group, and from 33.5 to 33.3 g/dl in the control
group.

(6) Similarly, slight changes occun IMCH from 29.3 to 29.4 pg in the Hypo+Hyper group,
from 29.4 to 29.5 pg in the Hypo group, and from 29.8 to 29.6 pg in the control group.

(7) As for Reticulocyte, no significant changes are evident among the three groups prior to and

post the intervention.

The following ineJUDSKYVY DUH UHSUHVHQWDWLRQ RI HDFK KHPI
prior to and post the intervention.
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Figure9 shows a spike in Hb in Hypo+Hyper group, followed by a slight increase in Hb in

the Hypo group and a decrease in thetr@bmgroup.

Figure9
Estimated Marginal Means of Hb (g/dl) befeteand after2 intervention
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Figure 10 shows a slight increase of HCT in the control group and the Hypo group as

opposed to a slight increase Of HCT in the Hypo+Hyper group.

Figure 10
Estimated Marginal Means of HCT befeteand aftef2 intervention
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Figurel2shows an increase of ERT among all three groups, the most apparent remains the

control group, followed by the Hypo+Hyper group, then the Hypo group.

Figure 11
Estimated Marginal Means of ERT befdrendafter-2 intervention

None of thechangesn Figurell weresignificant.
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Figure R reveals an increase of MCV in the control group and a slight decrease of MCV

in both, the Hypo+Hyper group and the Hypo group.

Figure 12
Esimated Marginal Means of MCV befefleand aftef2 intervention

Even though it seems that there is an increase in MCV that increase is not significant in Control

group.
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Figure B shows an apparent increase of MCHC in the Hypo+Hyper group as well as the

Hypo group. However, a decrease of MCHC in the control groupdeeti

Figure 13
Estimated Marginal Means of MCHC befeteand after2 intervention
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Similarly to Figure B, Figure ¥ shows an increase of MCH in the Hypo+Hyper group as

well as the Hypo group but a decrease of MCH in the control group.

Figure 14
Estimated Marginal Means of MCH befeteand after2 intervention
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Figure B shows a sharp dease of reticulocyte in the control group, followed by a

decrease in the Hypo group, but an increase in the Hypo+Hyper group.

Figure 15
Estimated Marginal Means of Reticulocyte beftrand after2 intervention

As such,the results show minor changes in the variables related to the hematological
parameters. Through a pairwise comparison, the tabtelow presents data about each of

hematological parameters before and after the intervention, comparing the three different groups
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Table9. Pairwise comparison of hematological parameters jaired postintervention

Mean Std. P ;?W :Jppe
Measure  Time Group | Group J Differen Erro value Bou Boun
ce(lFkJ) r
nd d
HYPOFVP. Hypo 0.53 028 0203 1.24 017
Control  0.48 028 0275 118 0.2
Pre oo HYpo+HYp 55 028 0203 017 1.2
Interventi er
on Control 005 028 1000 0.65 0.7
Control ;ypoJ’Hyp 048 028 0275 021 118
Hb (g/dl) HO+H Hypo 0.05 028 1000 0.74 0.6
eryp YP' Hypo 055 026 0127 011 12
Control 0.77 026 0.04* 013 1.42
Post —  ivno Hypo+Hyp g g5 026 0127 121 0.11
Interventi er
on Control 0.2 026 1.000 0.43 087
Control srypoJ’Hyp 077 026 0.014* 1.4 0.13
Hypo 022 026 1.000 087 0.43
:rypo”Hyp Hypo 1.60 0.2 0171 3.64 0.44
Control  2.78 0.8l 0.004* 4.78 077
Pre Hypo+Hyp
e o HYPO o 1600 0.2 0171 0.4 3.64
on Control 118 0.8l 0457 3.18 0.8
Control I;rypo+Hyp 278 0.8l 0.004* 077 478
HCT 56) HO+H Hypo 118 0.81 0457 0.83 3.8
eryp YP' Hypo 0.93 091 096 312 134
Control  1.80 099 0151 403 043
POSE —  ivno Hypo+HYP (o 091 0.946 1.3 319
interventi er
on Control 0.88 0.0 0998 311 135
Control ;ypo”Hyp 1.80 090 0151 0.3 403
Hypo 0.88 0.90 0998 135 3.11
Erythrocy  Pre Hypo+Hyp 40, 0.01 009 1000 024 0.23
te Interventi er ' ' ’ ' '
(cells/mcl) on Control 0.05 009 1.000 0.28 0.18
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Hypo+Hyp

Hypo o 0.01 009 1.000 023 0.4
Control _ 0.04 009 1.000 027 019
Control g'rypoJ’Hyp 005 009 1.000 018 028
Hypo 0.04 009 1.000 019 0.27
;'rypoJ“Hyp Hypo 0.2 009 1000 020 0.24
Control _ 0.04 009 1.000 025 018
Post —  1ino Hypo+HYp 4 o 009 100 024 0.2
Interventl er
on Control  0.06 009 1000 028 016
Control ;'rypoJ’Hyp 0.04 009 1.000 018 025
Hypo 0.06 009 1.000 016 028
Hypo+Hyp Hypo 1.4 1.93 1000 336 6.23
er Control _ 1.44 190 1.000 616 329
Pre Hypo+Hyp ; 44 1.8 1000 6.23 336
Interventi Hypo er
o Control _ 2.86 120 0412 760 1%
HypotHyp 4 4 1.90 1000 329 6.16
Control er
MOV (1) Hypo 2.86 190 0412 1.8 760
Hypo+Hyp Hypo 1.4 1.2 1000 334 6.2
er Control  2.39 189 0641 709 2.2
Post HypotHyp 4 4 19 1000 621 3.3
interventi Hypo er
o Control 3.8 189 0.148 853 088
Hypo+Hyp 5 59 189 0.841 2.3 709
Control er
Hypo 3.8 189 0.148 088 853
Hypo+Hyp Hypo 0.09 03 1000 0.73 055
er Control 0.45 0.3 0261 108 0.19
Pre Hypo+HYpP o9 026 1.000 055 0.73
Interventi Hypo er
o Control 036 025 0501 0.19 028
MCHC Hypo+tHyp ) 45 026 0261 0.19 108
(g/dl) Control er
9 Hypo 036 025 0.501 0.28 0.99
Hypo+Hyp Hypo 0.03 025 1000 0.64 054
Post er Control 07 024 1.000 067 0.54
Intervent Hypo+HyP g o3 0.5 1000 058 0.64
on Hypo er
Control 0.0 024 1000 064 057
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Hypo+Hyp

0.07 0.24 1000 054 067
Control er
Hypo 003 024 1000 057 064
Hypo+Hyp Hypo 0.04 036 1000 09 0.8
er Control 0.50 0.35 0482 138 037
Pre Hypo+Hyp g o 036 1.000 0.8 094
Interventi Hypo er
on Control 046 035 0598 1.31 042
Hypo+Hyp 5, 035 0482 037 138
Control er
Hypo 046 035 0598 04 1.4
MCH (pg) Hypo+Hyp Hypo 0.14 039 1000 1.11 084
er Control 0.20 039 1000 112 0.76
Post Hypo+tHyp 44 039 1000 084 1.1
interventi Hypo =
o Control  0.06 039 1.000 1.02 0.9
Hypo+Hyp g o, 039 1000 076 1.16
Control er
Hypo 0.06 039 1.000 0.9 1.02
Hypo+Hyp Hypo 0.00 009 1000 0.2 0.2
er Control  0.02 009 1000 024 019
Pre Hypo+HYP 4 o 009 1000 0.2 0.2
Interventi Hypo =
on Control  0.03 009 1.000 025 019
Hypo+Hyp (g 009 1000 019 0.4
Control er
Reticulocy Hypo 0.03 009 1.000 019 0.5
te (%) Hypo+Hyp Hypo 0.04 07 1000 014 022
er Control 008 007 0913 011 026
Post Hypo+tHyp oy 007 1000 0.2 0.4
interventi Hypo er
o Control  0.04 007 1000 015 0.2
Hypo+HYpP g 007 0813 026 011
Control er
Hypo 0.04 007 1000 0.2 015

*Significant at 0.05

Resultan table9 regarding thénematological parameters before and after the intervention
are of significance when it comes to two parameters, Hb and(ti@drtunately in HCT parameter
the difference was already present-mtervention so it will not be discussed latavhen

Hypo+Hyper groups compared to contralgccordingly, it isimportant to note thahe difference
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for Hb, the Hypo+Hyper group apposed to the control group has a significance level of 0.01 post

the intervention.
In the following chaptethe results will beliscussd andthe conclusiondrawn on the body

of existing literature to corroborate, support, and/or refute the findings. Clsiptso explains

whether the posed hypotheses have been accepted or rejected and under which conditions.
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CHAPTER SIX

6.DISCUSSION

ChapterSix discusss the most prominent findings of this doctoral dissertation as well as
rejectsacceptsthe posed hypotheses. As aforementiones, dtudy ained at determining the
LPSDFW RI WZR GLVWLQFW HQYLURQPHQWV RQ WKH DWKOH
incorporatehypoxia during higkintensity interval trainig and hyperoxia during recoveryhe
dissertation also aims at determinthg effectsof these environmentn blood oxygen transport
parameters Q DWKOHWHIV SHUIRUPDQFH Bé| bi¥distudsmnBséecivkillU RELF FL
addresghreedistinctive parts, each addressing afie¢he intervention protocal§ he training of
one of the groups was only the HIIT training in hypoxia which also yielded some interestitig

sothat will be discussed firstly:

6.11 Only hypoxia effects

Even though #FRUGLQJ WR 6LQH[ D Q G\litdeDt&iRibgQ bot in 3
natural/terrestrial and artificial conditions, has been established as an effective means to improve
oxygen transport, RBC volume, and VO2max, given sufficieily. J K 3 @Relekation and
exposure duration S So,we can say thahe hypoxictrainingseems to be a provemethod
to promote endurance among athletes and is recommended by sport experts and coaches due to its
potential benefitsSeveralstudieshave previously corroborated the benefits of training amly

hypoxia

Unfortunately, in this study we did not confirmethbovementionedeffects,asthe Hypo only
group gained some benefits in aerobic endurance but those were not sigrsficanit not be
discussedThe reason for that may be thihe experiment was too shortdbtainthe significant
VO2max gains in only Hypo groupNeverthelessthat just stresses the importance of adding

hyperoxia recoveryf the training period is naadequately long.Similarly, thefindings of Hahn
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and Core 2001)suggested that it isnprobable for the adaptation lypoxia toimprove sea level

VO2maxto a large exten

Most of the experimentswhich confirmed the positiveeffects of hypoxiahad longer
exposurdo hypoxia stimuli and traininthan our Hypo gbjectsFor instance, Feriche et §2017)
concludel that hypoxia increases the accumulation of metabolite, which, in turn, promotes strength
and muscle gainendHendriksen and Meeuwsen (2008yealed thathe 3maximal power output,
the anaerobic mean power and the anaerobic peak psigeificanty increase in hypoxic training,
proving %hat intermittent hypobaric training can improve the anaerobic energy supplying system
and the aerobic systenHendrikser& Meeuwsen2003. +DPOLQ HW DO YV UHV XC
an improvement in higintensity intemittent running performance pesypoxic intervention.
Hamlin et al. (2017) also estadlish that hypoxic interventiommproves highintensity running
performance in tearsport athletesencouraging coaches to use hypotaining methods to
improveathletc performance So,in this study the above mentioned adaptations might have

happenedin case the stimuli were longer then 4 weeks.

Hypoxiatrainingshould havénadimprovedoxygen repletion, and aerobic performaase
repeated exercise in hypox@ahanceshe formation of cellmitochondria and myoglobin content
according tdHoppeler et al. (2013An increase in mitochondrial and capillary densities as well as
the positive dects on VO2max on maximal power output and on lean body wargsachieved
through30 hypoxic training sessiona that study buthe volume of the sessions was almost twice

than the volume in our study which may have contributed to their significatisresu

Similarly, to no improvement imerobic endurance parametersnly Hypo groupthis experiment
did not cause significant increase in hemoglobinhematocritvalueswhen only hypoxia was
applied. It was also not surprisiras hiswas previouslygorroborated byRyan et al. (2014)vhose
findings revealedhat after one day of exposute hypoxig Hbmassat high altitude remained the
same when compared to sea level. After seven days of expodwyeoxia Hbmassincreaseanly
by 3.765%at 5260 meters when compared to sea level. After 16 days of expgosuwypoxia
Hbmassincreased by 7.666% at 5260 metglen compared to sea levBb, hese research findings

furtherjustify the possibility of attaining minimal or insignificantariges in Hhassn hypoxiabut

68



with higher impact on aerobic capaci§imilarly, Saunder et al. (2013) conclude that altitude
training increases Vaxof more than half the magnitudéthe increase iflbmass recommending
hypoxic training for endurancathletes.The results of this dissertation also reach similar

conclusions akemoglobin chang&as insignificant in the Hypo group.

The hypobaric hypoxia, like going to the high altitudes might have yielded different results than
these obtained in normobaric hypoxia trainiAgcording toHahn and Core (2001if, ared cell

volume and hemoglobin mass were elevated, enhancémasrlic endurancenight be possible.

As such, based on Hahn and Core (2001), from a physiological/hematological perspective, the
increase of Hb as well as HCT indicate a potential enhancement of overall perforiiengeup

of Mclean et al. (2013) conductedstudy on two preseason camps at an altitude of 2100 meters,
one for 19 days and the other for 18 days. Results shawiadraaseof 4%in Hbmasshbut the main

differencefrom ourstudy was the type of hypoxia.

Moreover, natural altitudbypoxiaprotocds yielded positive performance results among
subelite as well as elite athletes when adopting a LHTL protocol. Despite these findings, Bonettina
and Hopkins (2009) accentuate that various studies did not demonstrate an improved endurance
exercise perforiance as a result afnly hypoxic exposure and training; nonetheless, when
protocols are used appropriately, improvement in-leeal endurance exercises is noted.
Consequently, Sinex and Champan (20¥53 H F X EaRriwimg the positive adaptations thatié
from training in hypoxia while minimizing effects that can lead to detraining or maladaptation is
key to obtaining the greatest benefit from hypoxic trainingS Additionally, Bonetti and
Hopkins (2009) have proved that artificial altitude pomis along with continuous or intermittent

exposurenhile training low have improved endurance among-atiitetes.

The benefits of th intermittent traimg as proposed in this study is that it prevents the
negative effects dbng-termhypoxia stays like the influence on body mass well-known that
during their sojourns to high altitude, individuals loseffae mass. The factors that contribute to
this decrement aréhypoxiainduced anorexia, an elevated metabolic rate, and increased physical

activity levels, which lead to megative energy balance.

69



Some evidencsuggestdhat Imuscle protein synthesis is resistant to external anabolic
stimuli “during severe hypoxia exposure. The basic conditionsotoontributeto the impact that
severe exposure has on muscle protein synthesis. However, acclimatization causes the myofibrillar
protein turnover to double and letd % net catabolic statéf the energy balance is not achieved.
The upregulation in intramuscular proteolysis and dysregulation of anabolic signaling can mediate
the catabolic responseligpoxia (Pasiakos et al., 201¥yhen performing only training in hypoxia
without the long term aly and without the real acclimatizatiam hypoxia some of those effects

can be avoided.

In our study the training that subjects performed was an endurance type training. In case of
the strength traininthe results would probably be different. The resistance training tigexic
condition yieldsalso potential benefitsincluding muscular strength, hypertrophy, and muscle
power. Hence, the field promises innovative methods that foster strength arelransule gains.

The increase in the accumulation of metabolite, as a result of hypoxia, is the main mechanism
leading to strength and muscle gaifieriche et al., 2007 Nonetheless, espite the prominent
research, the impact of altitude conditions onsahel power by resistance trainimng yet to be
investigated. Future studies need to take several factors, such as nutrition, hydration, and the
WUDLQLQJ ORDG WKURXJKRXW WHUUHVWULDO DOWLWXGHYV
performance and before they propose novel methimd$ypertrophy (Feriche et al., 2017).

The hypoxic method incorporates training at high altitudesraming camps or in a
simulated hypoxic environmertiowever, hypoxias not always well tolerated by all participants
and may have its own risk#f has other appané short and longerm effects, suchhertness of
breath, headache, dizzineasdchest painamong otherdn most tissues of the body, the respe
to hypoxa is vasodilationwhile, in the central nervous system, multiple oxygen sensors are
deployed during acute hypoxia allowing neurons to adapt to the response. Tierioreffect
could be death immediately after the deprivation or due to the side effegpoxia, such as a

stroke or other cardiovascular episodes.

Recent technics and methods are pushing coaches to experiment hypoxic effects on various

types of trainings, but further practical studiesra@ededWith time, typoxic training developed
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into multiple protocols, which include tHeve High-Train High (LHTH), Live High-Train Low

(LHTL), Intermittent Hypoxic Exposure (IHEIntermittent Hypoxic Training (IHT)andRepeated

Spring Training in Hypoxia (RSH)Research has also revealed that anl idkigude at which
hypoxic training is conducted is betwe2B00 meters and 2500 meters, exposure to hypoxic
altitudes should last four weeks for twelve hours a day, and results can be noted as of 18-days post

exposure.

6.1.2.Hypoxia-Hyperoxia effects

The hyperoxic method, opposite to the hypoxic one, involves training with an exposure to
air that contains a high oxygen percentdgew studies, including present study, present a value
to the body of knowledge and would be considered as one step further in establishing a consensus
about hypoxic training and about the optimal levels and circumstances in which hypoxic training
would yieOG GHVLUDEOH RXWFRPHV WKDW FDQ EH XVHG WR WKt

performance.

The most evident chang#sat were observeih our study happenedithin the treadmill
and aerobic endurang@arameterandare pertaining to the hypéypo group aghe sgnificant
increase in VO2may was noted when ldybyper group was compared to the contr(s0.05).
The change in maximal speed reached wias significantly largerin HyperHypo groupas

opposed to both Hypo (p<0.01), as well as opptse@dntrol group (p<0.001).

Actually, the main improvement we hoped to obtain in Hypklypo group was
improvement in aerobic capacity as that is the factor that could contribute to performance in real
everydy conditions and during sport events.s8) the VO2max is a good predictor of
cardiovascular risk, which is a widely known fact, so this this type of training may also be useful

and important for general population, not only athletes.
Even though the significant VO2max increase was observdggo-Hyper group it cannot

be concluded with certainty which mechanism underly that change as the adaptations might have

been achieved at the cellular level. Was it the increase in mitochondrial density as well as
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mitochondrial enzyme activity; increase amfygen delivery at transport level meaning the heart
adaptations or/and red blood cells adaptations; buffering capacity and the least probable changes
at respiratory membrane levels e.g. changes in alveolar diffusion. Out of those possible adaptations

the parameters that were under monitoring in this study were red blood cell related parameters.

As the aerobic adaptations occur also on mitochondrial Ielelsole of citrate synthase
might be mentioned regarding the obtained results in hyperoxia group. This enzyme is usually
considered to be marker of good functioning mitochondria and has its role in aerobic energy
pathways.The mechanisms that have sad that adaptation might be related to the mechanisms
explained in the study d&ferry, Talanian, Heigenhauser, and Sp(2207)who examinedvhether
hyperoxia dmproves skeletal muscle oxidative capacity, maximal oxygen consumgiah
endurance performance than training in normoxic condifiams nine recreationally active
individuals, randomly assigned to train for six weeks in hyperoxic conditions, 60% oxygen, or
normoxic conditionsThetraining program consisted of threessions peweek ech with 104
minutes at 90% \D2 max. After at leassix weeks of detraininghe experiment was repeated for
sixweeks with the other breathing condition. The criteria to be tested were: Training power outputs.
VO2 max, time to exhaustiongcitrate Synthase, UF *# & hydroxyacyicoenzymg a

dehydrogenasendmitochondrial aspartate aminotransferase

Theenhancement in power outputs for hyperoxic training (8% higher than normaasa)
proven in Perry et al. study (2007yhile both hyperoxia and normoxia produced similar
improvements in maximal oxygen consumption-{2P0 and the time t@xhaustion was siitar
as well in both conditions. The citrate synthase was B@§ter for hyperoxia and 32% for
normoxiagroup The U HAD was 23% for hyperoxia and 21% for normoxia. Finally, thAsAT
was 21% for hyperoxia while it was 26% for normoX¥aen though thenzyme activity changed
the hyperoxic training did not produce significant enhancements in the aerobic capacity of skeletal

muscles, VO2 max, and exercise performance
The supply of oxygen to muscle tissues contributes to the control of @& for high

intensity exercisefor steps above ventilatory threshold (MacDonald et al. 199Terestinglya

few dudieshad accentuated thpossiblebenefits of recovering in hyperoxand ®me authors
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VXJJIHVW Widht BEiDthe Fa€overy processes. For example, Pupis et al. (2013) proposed
thathyperoxic air accelerates recovery time after a karate or judo n#dsth according to Yokoi

et al. (2014)normobaric hyperoxic treatments serve a better recovery for musctesdiaal
conditions (Yokoi et al., 2014).D\ HW DO 1V VW X G \oxXygeR B0ppWidraW D
4-minute recovery period after 38econdmaximal cycling exercisémproves absolute power

output

So for now we mostlgpeculate that hyperoxicaevery seems efficient when it comes to
exercise performancand according toMallette et al. (2017, but also according to our resylts
hyperoxic recovery is still an underdeveloped topic in the literature, and further studies are needed
to accurately determine its efficacy and its mechanism. mbtd that due to the large variability
in the time between subsequent bouts of exerciges nesearch needs to be conducted to determine
WKH RSWLPDO OHQJWK RI WLPR).RI K\SHUR[LF JDV GHOLYHU\"

Control group effecs

As expected there were smnificantchanges observed in a control groupeikthoughn
Figure 16 it seems th#te reticulocyte count dropped a lot the actual change is small and is not

significant. Theseen effect is mostly visible because ofsh®llscalesteps of the y axis.

At the end we can say that sport experts and coachésuwmusly examine ways to
LPSURYH DWKOHWHVY SHUIRUPDQFH WKURXJK OHJDO PHDQV
Moreover, the pressure exerted on athletes to perform to the best of their abilities requires
implementing training strategies that do pose physiological and/or psychological implications
on the long run. Some of the suggested strategies that allow athletes to better perform and achieve
desirable results have been investigated in the literature, chief among these strategies are hypoxic
training and hypertoxic training and, sometimes, a combination of Bbéhprevious studies had
examined hypoxia and hyperoxia separately. Howes@ne scientists have tried to mix the two
technigues to achieve optimal resulie effects of Intermittent Hypoxi&lyperoxia Training

(IHHT) had been thdocusof a smaller number cftudies.Hence, this doctoral dissertation aimed
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at determining the impact dfypoxia during higkintensity interval trainig and hyperoxia during
recovey on the training program and teéectsof these environmentm blood oxygen transport
parameteron performanceand aerobic capacityand itsunique designs the most prominent

specificity of this study.
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CHAPTER SEVEN
/. CONCLUSION

7.1General Conclusion

7R WKH EHVW RI WKH DXWKRUTV NQRZOHGJH WKLV VWX
effects of combining hypoxia, hyperoxia, and HIIT with regards to blood oxygen transport and
aerobic performance in healthy individuals, providing mnekded information sport experts,
coaches, and athletes on devised training programs and their efficiency. It also contributes to the
body of knowledge about hypoxia ahgperoxiatraining and recoveryThe study posed two
hypotheses:

Hypothesis 1 A combination of intermittent high intensity hypoxic training and recovery in
hyperoxia significantly improves the aerobic capacity than when recovering in normoxia.
Hypothesis 2:A combination of intermittent high intensity hypoxic training and recovery in

hyperoxia significantly improves the oxygen transport parameters than when recovering in

normoxia.

So at the end we can say that the proposed hypotheses which speculated that the best effects
might be obtained in Hypoxia+Hyperoxia group should be acceptddllya and under the
following circumstances:

x Hypothesis 1 is accepted when it comes to the treadmill parameters pertainingvie VO

Maximal Speed, and VT
x Hypothesis 2 is accepted when it comes to the hematological parameters pertaining to

hemoglobin

All other proposed variables, includingRmax, VO2 at ANT, speed at ANTandHR at
ANT as well as Erythrocyte, MCV, MCHC, MCH, and Reticulocyte have yielded no significant
results.
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Positive results are shown as it pertains to the Hypo+Hyper group. At maximal exertion,
for the Hypo+Hyper group/O2max andmaximal speed are enhancéd.anaerobic threshold, for
the Hypo+Hyper groupyO:zant is enhancedAs for hematological parameterte significant
results pertain to twparameters, Hb and HCT, within the Hypo+Hyper grasmpposed to the

control group at 0.01 significance.

Based on the results, the most optimal training method, among the three proposed (HIIT,
HIIT+O2 and CTR) is that of hgh intensity interval training groupr hypoxiawith hyperoxia
recovery (HIIT+Oz2). With the improvement of parameters pertainingatyobic capacity and
oxygen transport, the above results reveal that the implemidgfest-Hypo protocol has yielded
positive resultsTraining inthe Hgh intensity interval protocol in hypoxia was beneficial but only
with theaddedhyperoxia recoveryThe hypethypo group, faining in hypoxia and recovering in
hyperoxia, has witnessed the most significant increase amonga¥OMaximal Speed, and
VO2ant. A combination of intermittent high intensity hypoxic training and recovery in hyperoxia
significantly improves the aerob@apacity andome of thehe oxygen transport parameters than
when recovering in normoxiand herefore athletes ould benefitthe mostfrom that type of

training designespecially if their training period in limited to few weeks.

7.2 Limitations

The limitations to this study include¢he lack of oxygen saturation data during the
experiment. Also, maybe some of the other parameters would turn to be significant on a larger
sampleand in different sample As such, findings may not be generalized ttowa fitness
population, may not be applicable to females given the physiolagjstaictionsbetween males

and females, and may not be applicable to those of an older age group.

7.3. Scientific Contribution

As opposed to the previous conducted studlieish mostly studied either HIIT or training
in hypoxia or hyperoxia separatglyhis researchtried to answer the questiowhether the
combination othypoxichigh-intensity interval training followed by hyperoxic recovery exposure

provides additiongbositiveeffects of hyperoxia on aerobic endurance @mthe oxygen transport
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system The study contributes to the knowleddmutthe effects of combining hypaj hyperoxia,

and HIIT with regards to blood oxygen transport and aerobic performance in healthy individuals
even though most of these effects were studied previously but separeiteefore, this study,
given that it yields positive results, & stepforward in the training process of many athletes,

espea@lly in endurance disciplines.

7.4 Suggestions for Further Studies

To begin with, given that this studyase of a kindvith exactly this desigrfurther research
should be conducted to corroborate the findings yielded. Moreover, this doctoral dissertation only
measuresblood oxygen transport parametas®) D W K O H W H { \an&deidhiR dapdzity F H
Further studiesnight work on measuring other phiological @rameterslike direct oxygen
saturationand on incorporating diversified samplgifferent sport background, different age or

sex)in order to ensure optimal strategies that enhance performance among athletes.
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