THE PSYCHOLOGICAL AND PHYSIOLOGICAL EFFECTS OF
MAKING WEIGHT IN INTERNATIONAL LEVEL TAEKWONDO
ATHLETES

CARL LANGAN -EVANS

A thesis submitted in partial fulfilment of the requirements of the Research
Institute for Sport an&xerciseSciences, Liverpool John Moores University for
the degree of Doctor of Philosophy.

Decembef018



Abstract

International standard Taekwondo athletes are ungjuenthey are required to compete
in two differing weight categories fdaoth World (WT) and Olympic (OGgventswhich
have some ofthe largestdifferences amongst othenaking weight combat sports.
Typically, this demographic will lose body mass (BM#& acute and chronic methods, in
order to make tt lower limit of a category. &spte a raft of literature exaining the
frequency, magnitude, occurrence and influenmfethese practiceghe motivatios to
engage inthis conventionare still kbrgely unknown. Additionally, fewstudies have
investigatedhis population foboth body compositiorand activity energy expenditures
(AEE), utilising either criterion ofield based measurement toalsring periods of BM
loss and as such, thesédilates may be susceptible to low energy availab{litigA)
leading torelative energy deficiency in spafRED-S). Therefoe, the main aim of this
thesis wasto examine thepsychdogical and physiological health and performance
consequences of making weightmternational standard Taekwondo athletes.

Study lexamined the frequency, magnitude, acence and influences of BM loss and
making weight practices in a cohort of 106nale and femal€adet, Junior and Senior
Taekwondo athletedirectly after aweigh in at a major national championships. In
agreement with previous researttrerewere no differencesbetween sexehowever, for
the first time this study highlighted kegisparitiesin the frequency, magnitude and
occurrence of BM loss andaking weightpractices between age groupsiditionally for

the first time, the magnitude®etween WT and OG weight category requirements were
elucidatedshowing relative BM losseshich are fahigherthan previously characterge
in this demographic. fiis study also highlighted the key stakeholgesupsinfluencing
the engagement in these practices, which in younger age groupshoas to be
predominantly parent&inally, it wasconveyedhat the nutritional and ergogenic dietary
supplement knowledge of this group was largely patren comparedo optimal
guidelines

In Study 2,semi structured interviews were conducted with the key stakeholder dBoups
athletes 5 coachesp parents)asidentified in Study 1 Again high magnitudes of BM
loss were deasibed by all stakehdersin agreement wittStudy 1 Furthermore, each
stakeholder group described their perceptions ofntla&ing weight process with all
expressingt cannegativelyaffecthealth and performangcbut was necessary to enhance
advantagesn competition. The nutritional anergogenic dietary supplement knowledge
of all stakeholder groups was poor as describesturdy 1 All stakeholdersagreed that
education, targeted particularly at tbeachesalongside improvements mationaland
globalfederationrmakingweightpolicies were required to improve current practice.

Study 3investigated the requementsof BM lossesbetween the OG and WT categories
in 18 international standard Taekwondo athlete$hin 4 days prior to a competition
weigh in This emphasisethe need to engage in extremmaking weight practices in
order to meet elected O@ategory allowancesas described inStudies 1 and .2
Additionally, the body composition of these athletes was examined utilisinglbathe
ray absorptiometry(DXA) and various sum of skinfold( x«) fat mass percentage



(FM%) equations For the first time, this studyhighlighted body compositional
differences between athletesvairyingweight categories, where all of thehort had low
FM% (<11%). This study alsalemonstragd that only two of ten identifiedx sks FM%
equationscompared favourablin parallel tothe criterionmeasuremendf DXA, for the
examination of body compositiomithin this demographim thefield.

In Study 4 a laboratory simulated protocol was designed to mimic the activity profile and
perceptuaphysiological responses afternational Taeckwondo competition atarious
intensities. Utilising these protocols, AEE was assessed iruag gfdBmaleinternational
standard &ekwondo athletesemploying both indirect calorimetryand portable
actigraphy for comparisa of assessment methods. AEE diffeteetween conditions
with both methodshighlighting the relevance of thearious protocols for measures of
workload intensity. Additionally, the portable actigraplmit showed good agreement
with indirect calorimetry justifying its usefor the measurement of AE®hen utilised

with this populationin the field.

In Study 5, a periodised nutritional and training intervention was employed with an
international standard Taekwondo ath|eeguiring a>13% lossof BM for competition.
Utilising the findings and methods &tudies 3and 4, energyavailability (EA) was
examined andmeasures were takethroughoutto examine the potential for REB
consequences on both health and performgramameters The athlete successfully
achievedheir elected weight category limwith minimal negdive associations of RED

S syndromesgxhibitedon markers of metabolic, endocrjreardiovascular, bone turnover
and psychological functionsAdditionally there were no negative effects apparent on
either tested maximal dynamic strength/power and cardiorespiratory conditioning or
competitive performancse However, post competition there was a significant rebound
hyperphagic response, congruent with BM overshoot and des$gitesuccess of the
intervertion, this should be givefurtherconsiderationn the future

This thesis serves as a means to improventaking weight practices of international
standard Taekwondo athletéxy affordingthe abilityto examine both body composition
and AEE inthe field, whilstproviding a safe and effective intervention to lose BM
without the negative associations of REEDHowever, despite this, the findings of this
thesis also serve as a call to action to the nationagkoiidl governing federationsn
enhancinghe education of kegtakeholders in this spomvhilst considering the addition
of more weight categories to reduce the incidence of extreme amg@érdasmaking
weightpractices throughout older adeisions
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CHAPTER 1.

General I ntroduction



1.1. Background

Taekwondo is a martial art combat sport,eadfior full contact kicking and punching
striking actionsandwith the aim of winning vighighest score or knockout. Taekwondo
bouts (also referred to a®ntests or matchegye 3 x 2 minutes in duration with a 1
minute break and are contested acmassndividualday, with competitors havingeveral
boutsacross either aingle eliminationor repechageformat (Butios & Tasika, 2007)
Given the full contachature ofbouts Taekwondo competitors are classified into weight
categories in order to promote fair competition between athletes of equalnasty
(BM) (Kazemi et al., 2006)At World Taekwondo (WT)events Senior athletes (>17
years) compete within 8 weigleategoriesper sex with 4-7 kilogram (kg) differences
whereas at the OlympiGames (OG) andheir respective qualification events, these
categories are halved to 4 with >X@ differences. This is also the caseJamnior athletes
(14-17 years) who compete in 10 gkt categories pesexwith 2-5 kg differences and at
the Youth Olympic GamegYOG) these categories are also halvedith 510 kg
differences Male and femaleCadet (1214 years) athletes also compete inw€ight
categories with &g differencesbut have no OG evensde Table 2.%or all division
categories)(World Taekwondo, 2018b)As such this makes Taekwondo competitors
unique amongst other combat spoigsszen both Junior and Senior athletesmay be
required to compete in twdiffering weight categories throughout their competitive

seasorandor careers

Due to the variance betwearmight categories, there is widespread practice of losing BM

(also known asnakingweightor cutting) within the sport(Fleming & Costarelli, 2007)

There have beenraumber of studies conducted in small cohorts of Taekwondo athletes,
examining thdrequencymagntude and occurrenagf BM lossespractisegBarley et al.,

2017; Brito et al., 2012; da Silva Santos et al., 2016; Diniz et al., 2014; Ditaoet

al., 2016; Fleming & Costateli , 2009; Janiszewska & Przybygo
2011; Reale et al., 2018a)hese investigations i@ demonstrated that Taekwondo

athletes achieve their target weight category by a means of both chronic energy
restrictiorlincreased exenditureand acute (orcommonly termedrapid) weight loss



(A/RWL) techniques, where in excess of¥®Dbf athletes loseip towards6% of BM.
Whilst these studies prove useful to examine these practi@asy were conducted out of
season when the participants were not engaging in BM loss for compefitmon
understand the perceptionsmakingweightand the key influences on the motivation to
engage in BM loss, it is vital to assdbgse practicem situ, with athletes ofvarying
sexesdge divisionsand exploreany potential differencesm behavioursbetween these
groups. Additionally it is important to highlight the magnitudes of BM reduction
requiredin athletes whencompeting indiffering WT and OG weight categories, given

thelattermay requiregreater lossethanhavebeenpreviously characterised.

It is integral to examineéoth the influences and motivations of athletes who engage in
BM loss for competition. The incentive pryacticeextreme BM loss regimertan often
come from financial rewards, highlighted irofessional athletesf sportssuch asorse
racing (Caulfield & Karageorghis, 2008boxing (Collins, 2014)and mixed martial arts
(MMA) (Corner, 2017)In Olympic combat sportdinancial incentive ishot necessaly

a factor and the main influences of BM loss often come from the deep rooted cultural
inferences imposed by peers and coa¢reanchini et al., 2012 o that end, qualitative
examination techniques may prove useful ftmther tease outthe perceptions and
motivations of key stakeholders involved in thakimg weight culture of combat sports,
given the pen ended nature of their enquirjwo studies have utilisedqualitative
resarch techniques to explore specifiemesin detail highlighting factors related to
physique and also sedictualisation via mental advantags beingimportant in the
decision to engage in these practjcesngruent with any advantages gained in
physicality (Pettersson et al., 2013; Pettersson et al., 2@&Jpte thesdindings, there

is still a disparity in the mearchgiven that coaches have been identified as an important
stakeholder in the process of influencing BM loss practices within this demogeagzhic
this deserves further exploration. It is also equally important to consider that Taekwondo
athletes undethe age of legal responsibility could also have additional confounding
environmental factorsvhich may encourage these gtiaes and behaviours, inclusive of
those found on social media and through parental relationgRipkl et al., 2001,

Sansone & Sawyer, 2005; Weissinger et al., 1991)



In line with making weight practices, behaviours and influendes, vitally important to
understand the impact theseay have on overall athlete health and performance.
Protractedenergetic defic# concomitant with acute dehydration may heighten the risk
of infections (Tsai et al., 2011a; Tsai et al., 2011bave a negative influence on
psychological statugDegoutte et al., 2006; Hall & Lane, 2004)d even cause severe
injury or death due to increased cardismalar and thermoregulatory deman@s®
News, 1996;Centers for Disease Control and Prevention, 1998; Fernandez, 2015;
MasTKD, 2018) To maintain adequate healtlit is key for Taekwondo athletes to
compete in the most appropriate weight categoryeiation to lean mass (LMand
optimise power to mass ratifor Taekwondo competitianTo that endthe loss of fat
mass(FM) to maintain a low FM percentage (FM28)ith minimal disruption to LMcan
thereforebe regarded as the most efficient way to reduce wBdle (LanganEvans et

al., 2011)

To examine these tissues and assess the potential for an athlete to make a specified
weight category, an assessment of body composition utilising the valagt accurate

and reliableequipment possible is often prescrib&tulti-compartmental measures such

as Dual Xray Absorptiometry (DXA) arewidely regarded as theriterion method in
athletic populationsgiven the ability to assess both whole body and regionalisecemdi

of bone mineral contemténsity (BMC/D) alongsidéM and FM (Reilly et al., 2009)

Three studies havexamined a Taekwondo demographic with this technidReak,

2017; Seo et al., 2015; Ubeda et al., 201@)h the largest scope of body composition
examinationdeing conducted utilisingum ofs k i n f e atidsubgeeant prediction
equations(Bouhlel et al., 2006; Chiodo et al.,, 2011; Fleming & Costarelli, 2007,
Fritzsche & Raschka, 2008; Ghorbanzadeh et al., 2011; Heller et al., 1998; Markovic et
al., 2005; Markovic et al., 2008; Mashhadi et al., 2013; Rah+Namiet al., 2007; Rivera

et al., 1998)Given many of these investigations have employed a whole range of varying
x skf and prediction equations, conducted at a number of conflicting time points, there is a
clear need for examinations of body composition in Taekwondo athletes utilising both
DX A a sdNot»nly is thisimportantto highlight both the whole body and regad
indices of LM and FM during BM los$ut alscthe most relevant prediction equatipns



which can be employed accurately when otleshniques may not be available in

practice.

BM loss via the manipulation of the aforementioned tissues, can be achieceehting

a deficit in energy balance (EBWhere energy intake (EIl) i®wer than total energy
expenditure (TEE) and this can be manifested by either a decrease in nutritional intake
and/or an increase in energetic expenditure through activity/exdiise) (Langan

Evans et al., 2011} oucks (2004has proposed that rather than EB, energgilability

(EA) should be examined during BM reduction, which is calculated via the assessment of
El minus AEE to generate kalocalorie (kcal) value pekg of fat free mass (FFMpe

day. Loucks et al. (2011postulate that EB equates to an EA ok45l-kgFFM-day with

a minimum threshold of 3Rcal-kgFFM-day* as a target for healthy areffective BM

losses. EA below thikevel, categorised as low energyailability (LEA), is proposed to

be deleterious to both health and performance in not meeting the required energy surplus
to support esseial metabolic and physiological functionir{gogue et al., 2018)To
assess EAtaus it is paramount that valjcaccurateand reliable measurements of both

El and AEE are utilised to make inferences about the potential for (Btfke et al.,
2018b) The accurate examination of El can be regarded as one of the most difficult
measurements in sport and exercise science given the potential fon éneassessment
method, participant engagement and researcher anéjackett, 2009) Few studies

have examined EIl in Taekwondo athletesl areeither inclusive(Fleming & Costarelli,

2007; Papadopoulou et al., 20Dbf)nortinclusive (Cho, 2014; Cho et al., 2013; Rossi et

al., 2009)of BM loss engagement.

AEE is as equally difficult to measure both validly and accurately in atlgiegialations

given the variabilityin assessment techniquéBldahimana & Kim, 2017) Whilst
methods such as direct calorimetnyd doubly labelled water (DLW) aregarded aghe
criterion standard ithe assessment of TEE, they are often too expensive to employ in
both research and practiggventhey are unable to detect AEE in independently limited
timeframes. Theefore, indirect calorimetryneasurementnethods are often utilised,

examiningO./CO, gaseous exchange for the estimation of heat production during aerobic



metabolism. Somstudies have utilisetthis methodn Taekwondo activitie§Toskovic et

al., 2002)and competition simulation€ampos et al., 2012; Lop&ilva et al., 2018;
LopesSilva et al., 2015; Yang et al., 2018)produceestimate®f AEE, howeverthis is
unfeasible in cotact based actions with high ecological validityhe use of portable
actigraphyis becoming more popular when examining AEE in a host of activities
(Shephard & Aoyagi, 2012nd whilemore common in general populations, there are an
increasing number ohvestigations instigating its use in athlediemographicscross a
range of sport¢Bradley et al., 2015; Brown et al., 2017; Dieu et al., 2014; Walker et al.,
2016; Yoshida et al., 2018) limited number of studies have utilisgubrtable actigraphy
with Taekwondo athlete€ho, 2014; Cho et al., 2018hd given theneed to assess AEE
practically yetvalidly, accuratelyand reliablyin this population for inferences of
potential LEA during BM loss, further investigation of its use during Taekwondo based

training and competition activities is warranted.

The psychtogical and physiological performanceconsequencesf LEA have been
characterised aselative energy deficiency in sports (RE) in the seminal I0C
consensus statemerity Mountjoy et al. (2014)and updated bilountjoy et al. (2018)
The current threshold of LEA leading to REPsyndromes was generated from a number
of studies conducted in females and therefore may be too high for males with reduced
reproductive physiological and metabolic functioning.review by Fagerberg (2018)
surveying LEA with a focus omalebodybuilders, has shown this hypothesis may hold
true as it appears the negative effects of LEA via FEEmDay only manifest at a threshold
below 2025 kcal-kgFFM-day'. To date no specific investigationf LEA leading to
potential REDS outcomes has ever been performed in a Taekwondo athlete
demographic. Howeveas described previously,is often a requirement faraekwondo
athletes to engage transient periods ofhronic energydeficit coupled with ARWL
techniques to be able to meet a target weight categdrigh mayresult inLEA (Burke

et al., 2018a)On this basisthere isscope to conduct an examination of the effects of
prolonged LEA combined with ARWL practices on the psychlugical, physiological

and metabolic healthf @aekwondo athletes undertaking BM loss for competition.



1.2. Aims, Objectives and Structure of Thesis

The overallaim of this thesis igxamine thgsychdogical andphysiological health and
performanceconsequences of making weight international standard Taekwondo
athletes. This will be achieved via a number of objectivdsch will be ceordinated
utilising theApplied ResearctModel for the Sport 8ences (ARMSS) bishop (2008)
The ARMSS proess as highlighted in Figure 1.1, employs eight key stdgkswing a
systemof description and experimentation prior to filraplementation, in consideration

of researchdesignfor application in real world sport settings.

Stage
Description - 1 Defining the problem
.f/ 2 Descriptive research (hypothesis development) \
i
I."I 3 Predictors of performance
¥ (
Experimentation | 4 Experimental testing of predictors %
=
0
| 5 Determinants of key performance predictors ™ I} 3
| | &
il I',I > 6 Efficacy studies (controlled laboratory or field) | Basic —
Vo
Imol tati o research
mpiementation "'-. ~ 7 Barriers to uptake
\ J
\__B Implementation studies (real sporting setting) J

Figure 1.1: An AppliedResearch Model for the Sport Scienasgroposed by Bishop
(2008).

Initially, this thesis willinvestigate thefrequency,occurrence and magnitudd BM
losesand influences on the decision to engage in these pradticathletes of diffeng
sexes and age divisionfDescription: Sages 1 an@® i definition of the problem and
descriptive research for hypothesis genergtiéiollowing this anevaluation othe most
valid, accurateand reliableassessments of bothody composition and AEE iman
ecologically valid settig will be employed as a means to examine and/or aid the findings
of objective one(Experimentation: Stages 4 andi éexperimentation operformance

predictors and efficacy studies within controlled sett)jngally, the thesis willassess
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how a chronic period of energetic deficitcoupled with theuse of ARWL techniques
may impact orthe potentialfor symptomsof RED-S consequenswhen employinga
periodised nutritional and training programm@mplementation: Stage 8i

implementation within a real world sporting settjng

This aim will be achieved by the completion of the following objectives in the form of

the followingstudies:

1. Assess the frequency, occurce and magnitude of BM loss international
standard Taekwondo athletas situ and examine potential differences between
sexesage divisions and WT/O@ategories(Study 1).

2. Analyse the ergogenic dietary supplensautilised by these athletesp support
making weight angherformancepractices in tandem with knowledge of use and
antidoping histories$tudy 1).

3. Explore stakeholder percepti®ias identified in Study 19f the influences which
encouragethe engagement in thesgractices and behavioursclusive of
nutritional and ergogenidietary supplement knowled¢8tudy 2).

4. Evaluatethe body composition indices of international standard Taekwondo
athletesand absolute BM losss when required to makeeight for OG or WT
categoriegStudy 3).

5. Determinethe validity and accuracy ofommonly utilisedfield based body
compositional measurés xxs) in comparison with criterion laboratory equipment
(DXA) (Study 3.

6. Design and assess the efficacyaafecologically validaboratoryprotocol, which
mimics the physiological demand of Taekwormmnpetitive activitiegStudy 4).

7. Establish the validity and accuracy ft#ld based and criterion measurements of
AEE during use in an ecologically valid laboratory proto&ilifly 4).

8. Examine the effect of a periodised nutritional and training intervention on
symptoms of REES consequems while making weight for competitiqstudy
5).



CHAPTER 2.

L iterature Review



2.1. Taekwondo

2.1.1. Development into a Modern Olympic Sport

Taekwondo is 2000 year oldcombat martial art and Olympic spowhich promotes
selfdefence via a variety of blocking, kicking and punching techniques and is the
national sport of South KoreaAt the 1988 Seouind 1992 Barcelon®lympic Games,
Taekwondo was officiallyprogrammedas a demonstration sporaind through this
inclusion,gained global appeatlith many rationalfederationdeingformed throughout

the world. Taekwondo was officially recognised as an Olympic sport‘bSeptember
1994 at the 10310C Session in Paris, France and was inclualeafficial eventn the
programme of the 2000 Sydney Olympic Garf\®orld Taekwondo, 2018bSince the

2000 Games Taekwondo has successfully participated within another 4 Olympic
programmes culminating in the 2016 Rio Olympic Games held in Brazil. Throughout this
period Taekwondo has undergone a series of rule changes that would not only influence
the way thesport was competedbut also the habits and characteristics of the athletes

who participate.

2.1.2. Current Rules and Regulations

The evolution of the rules in Taekwond@vebeen increasingly dramatic since the
sports inclusion in th®lympic programmeA more in depth discussion regarding the
developmenbf weight categories within the sport is addregseskction 2.%f this
literature review. Wight categories foONT andOG Senior (>17 years), Junior (14
years) and Cadet (124 yearsyivisionsare characterised ifable 2.1For each weight
category competitors must be over their targeted weight and notdekeeeeight above

i.e. over 54&g not exceeding 58g.
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Table 2.1:Current OG/WT weight categories Tmekwondo competitions

SENIOR WT Male WT Female OG Male OG Female
Fin -54 kg -46 kg

Fly -58 kg -49 kg -58 kg -49 kg
Bantam -63 kg -53 kg

Feather -68 kg -57 kg -68 kg -57 kg
Light -74 kg -62 kg

Welter -80 kg -67 kg -80 kg -67 kg
Middle -87 kg -73 kg

Heavy +87 kg +73 kg +80 kg +67 kg
JUNIOR WT Male WT Female OG Male OG Female
Fin -45 kg -42 kg

Fly -48 kg -44kg -48 kg -44kg
Bantam -51 kg -46 kg

Feather -55 kg -49 kg -55 kg -49 kg
Light -59 kg -52 kg

Welter -63 kg -55 kg -63 kg -55 kg
Light Middle -68 kg -59 kg

Middle -73kg -63 kg -73kg -63kg
Light Heavy -78 kg - 68 kg

Heavy +78 kg +68 kg +73 kg +63Kkg
CADET WT Male WT Female

Fin -33 kg -29 kg

Fly -37 kg -33 kg

Bantam -41 kg -37 kg

Feather -45 kg -41 kg

Light -49 kg -44 kg

Welter -53 kg -47 kg

Light Middle -57 kg -51 kg

Middle -61 kg -55 kg

Light Heavy -65 kg -59 kg

Heavy +65 kg +59 kg
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Across 27 years from the creation of iWerld Taekwondo FederatioR(TF) in 1973 to
the sportdnaugural participation in the Sydney 2000 Gantles,rules were amended a
total of 8 times. Howeversince that time in the last 18 yeathe rules have been
amended 17 times including major changescompetitive aregscontesttimes and
penaltiesas highlighted in changede prohibited acts in Table 2@Vorld Taekwondo,
2018b)

Table 2.2 Taekwondo competition prohibited agt® and st 2000 Olympic Gaes

Pre 2000 Olympic Games Post 2000 Olympic Games

1. Avoiding or delaying* the contest 8. Crossing the boundary line
2. Grabbing, holding or pushing** the 9. Falling down

opponent 10. Lifting the knee to block or/and impede
3. Kicking below the waist an opponentoés Kkick
4. Hitting the opponents head with the han 11. Lifting the leg for longer than 3 seconds
5. Butting or attacking with the knee to impede the opponents attack or
6. Attacking a falleropponent movements
7. Misconduct on behalf of the contestant ¢ 12. Attacking the opponentafter kalyeo

coach

*includes a 5 second inactivity ruling if neither one or both of the athletes is engaging in theicamtest
change introduced in 2013
**pushing was legalised in rule changes introduced in 204thletes are now allowleto push opponents

in aclinchbut are stillprohibited from grabbing and holding

Additionally, since 2008 the introduction of Protector and Scoring Systems (PSS) have
dramatically altezd the waybouts are contestedhe development of PSS determined
that blocking (alseermed agovering became crucial part of competition strategdys

a direct result of thighe amount of points which are awarded for differentiagor
technigueshave dramatically evolved oveme. Prior to 2002all points which scored to
either the body or the head were awarded one s@nnhany athletes would make a
conscious choice not to try and score a more technically difficult headukildss

aiming to achieve a knockohtow. After considerable amendments and a8, the

valid point rules werestablished a% point beingawarded for a punch to the trunk

protector, 2 points for a kick to the trunk protector and 3 points for a head kick, with
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trunk protepmgitromi mo@ kiealkds 6esar ni nAgother and
revolutionary change within the sport introduced pos82B€ijing Olympic Games, was

an Instant Video Replay system (IVR), which reviews the appeal of scores and decisions
made during contestSince the introduction of PS&hd IVRsystems, the sport has
developednto an increasingly front leg dominated styMhere athletewill fencewith

their legs in order to score. Tpeeviouslyantiquated style of playncluding spinning

and doubleicking techniques are all but obsolgtieie to the greater amount of penalties

i.e. for falling down, smaller ring sizetc.where there is less room to manoeuvreaad
coveringof techniques from scoringn line with ths there has also been avolutionin

the physicabndphysiologicalcharacteristics of aekwondaathletes and this will be

addressed in the netktreesectiors of this literature review.

13
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2.2. Taekwondo Athlete Anthropometrical Characteristics

In parallel tothe rapid development of the rules acrasany years, there has been a
consistentevolutionin the anthropometrical profile of Taekwondo athlefi€éazemi et

al., 2014) Within anthropometrythe examination obody compositiorio theexplorethe

specific structures of the human bathn be considered in both a variety of sections and
compartmentgLanganEvans et al., 2019Wang et al. (1992¢haracteriseections into

atomic, molecular, cellular, tissue/system and whole kawhtysesExploration of the
changes that occur at these differing sections are often compartmentalised dependant on
the measktement method used (e.g. a whole body measurement could be assessed in a
single compartment i.e. staturad are generally dividd into either two (FM; FFM),

three (FM; LM BMC) or multtcompartmentalassessment using a combination of
measurement technigs (i.e. FM; LM; BMC; Total Body Water [TBW]LanganEvans

et al., 2019)

The exploration of sections and compartments can be conducted via a number of
measurement toglbased orthree levels of validation hierarclfgston & Reilly, 2009)

Level one methodare classified as any direct measurement (i.e. stature, BM), whereas
level two are indirecand subsequent estimatioslows a calculation of tissues to be
established. Level three are doubly indirect methedsducted utilising a level two
measurementhen an estimation of bodgensity established andornverted to a FM%

using a prediction equation. Level two methods are heavily reliant on the standardisation
of their protocols to enhance accuracy of measurerasmiglevel three methodsith an
additional confounding vaable,generallybased on highly sample specific equations i.e.
sex ethnicity, training status etc. Needless &y $iowever, the validaccurateand
reliable measurement of body composition can still be regarded as one of the most
challenging fields ofanthropometry. The research examined in this section will
fundamentally highlight both tissues/systems and whole body sections, focussing
particularly on FM(also coined as adipose tissue/body fat), FFM/LM (also coined as lean
muscle tissue/mass(omatotype and stature measurement conducted on international

standard Taekwondo athletes throughout the literature.
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2.2.1. Tissue/SysteiinFat Mass andrat Free/LeanMass

Due to the weight category mediation of the spors hypothesized that threquirement

for optimal power to mass ratio is desirable for Taekwondo athlResle et al., 2017b)

A review byBridge et al. (2014yonducted across a number of academic search engines
(PubMed, ISI Web of Knowledge, Google Scholar, SportDiscus® and Scopus) from
inception to March 2013highlighted 45 researchrticles which had examined body
composition in international, national and novice Taekwondo athletes across both male
(24 articles) and female (21 articles) demographics. The results of these studies indicated
that international standard Taekwondo a#detemonstrate low levels of FMvith
ranges of 714% in males and 129% in females, respectively. Unsurprisingly, national
and novice Taekwondo athletes were found to have higher FM%hbaririternational
counterpartsalthough the results from many these studies are conflicting and further
research is required to elucidate stronger evidence of this treretidMionalinteresting
observation of the reviews thatJunior Taekwondo athletes were found to have higher
FM levels than theiBenior counterpartswith percentage ranges of.0414.1% in males

and 19.524.0% in femalesBridge et al. (2014hypothesize that this may be due to a
potentialreduced emphasis of BM loss practices or due to differences in overall training

volumes in this population.

Since March 2013 there have been a number of research astibiel have examined

FM of internationaktandard male and female Taekwondo athletiisough this is often

not the principle research questi¢@hen et al., 2017; Kim et al., 2015; Mashhadi et al.,
2013; Reale, 2017; Rhyu & Cho, 2014; Rhyu et al., 2014; Seo et al.,. Baked on all

of the aforementioned research studies the mElh of international standard
Taekwondo athletes are represented as 10% in male$58adn females collectively.
Bridge et al. (20143tatethat to the best of their knowledge no research studyrieasto
identify body composition tissues of Taekwondo athletes in differing weight categories
and this still holds true currentlAs suchthere may be an optimal body composition for
Taekwondo athletes mediated by weight category and further ressandrranted to

establish this information.
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What is clear from the tierature is that the methods examinirdmgpdy compositionn
Taekwondo athleteare diverse. The majority of the studies in internatiostndard
athleteshave been conducted using safrskinfold (% skf) methodologyandsubsequent
FM% calculation equationgBouhlel et al., 2006; Chiodo et al., P} Fleming &
Costarelli, 2009; Fritzsche & Raschka, 2008; Ghorbanzadeh et al., 2011; Heller et al.,
1998; Markovic et al., 2005; Markovic et al., 2008; Mashhadi et al., 2013; Olds & Kang,
2000; Pieter & Taaffe, 1990; Rahmaiia et al., 2007; Rivera et.al1998; Taaffe &
Pieter, 199Q0) To date only nine studies have been conducted utilising bioelectrical
impedance analysis (BIAChen et al., 2017; Cho, 2014; Cho et al., 2013; Fritzsche &
Raschka, 2008; Kim et al., 2015; Rhyu & Cho, 2014; Rhyu et al., 2014; Tsai et al.,
2011a; Tsai et al., 2011lbkith only three studiesnvestigating body composition
employingDXA (Reale,2017; Seo et al., 2015; Ubeda et al., 20EQ)yther to thisthere

is a paucity of data examining the LM and BMC/D of international standard Taekwondo
athletes utising measures of both BIA and DXA, with only five stud{€ho, 2014; Cho

et al., 2013; Reale, 2017; Rhyu & Cho, 2014; Seo et al., 2008)dingindices of whole
body LM in males (BM: 64.473.3kg - LM: 54.7-58.9kg) and females (BM: 59:60.6

kg - LM: 43.6-43.9kg), from which two of these studies provide whole body measures of
BMC/D in males (BM: 67.69.8kg - BMC: 3.0-3.5kg - BMD: 1.29g-cn?) and females
(BM: 59.860.6kgi BMC: 2.7-2.8kgi BMD: 1.21g-cn¥).

As a two compartmental doubly indirect assessment tool, anthropometikc
measurement is applied via the use of a calliper double fold of gripped skiMartin

et al.,, 1985) Bridge et al. (2014)state that whilst the use ofsksr and subsequent
prediction equations are popular in examining the body composition tissues of
international Taekwondo athletes, this is often motivated by ease of use and accessibility.
Therefore the data generated from research studies conducted in dagtvathletes
utilising this technique should be interpreted with caution. Given the inaccuracies
manifested in FM measurement produced via predietsig equations, there has been a
petition to f ocus(oftenB sitésyas thiscéoe dfar marsreliableh e x
and sensitive indicator of body compositional change over (tlotenston, 1982; Reilly et

al., 1996)
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As another doubly indirect but multbmpartmental assesent tool, BIA measurement

is grounded on the principle that electrical current passes at varying rates throughout the
body and as sucgltan establish the composition of differing tissues based on their
conductivity (Dehghan & Merchant, 2008)As LM contains bothintra (ICW) and
extracellular (ECW)vaterfluid, electrical current flow isble to pass freely, whereas in
nortconducting tissues i.e. FM and BMC conductivity is reduced. There have been a
number of studies showing that the reliability of BIA is reduaden nutritionalSlinde

& RossandeHulthen, 2001) hydration (Lukaski et al., 1986)exercise(Caton et al.,
1988)statusesand body temperatu(&udivaka et al., 199@re notstandardisegrior to
assessment. In all of the aforementioned Taekwondo body composition examinations
employing BIA, none discuss standardising these pre assessment factors in their
respective methodologiesther than thestudy by Chen et al. (217), sothe results of

these sidies should again be interpreted with caution.

DXA is a three compartmental indirect method and an in depth review of the technical
aspects of its use have been publisheBhyzocchi et al. (2016)There is a dose of
radiation delivered during the measurement, which amountsreond 210 uSv
dependanbn the make, model and type of scan being utilised. In conbéxtis equal to

only oneday of annual natural background radiation experienced in normal,lming

the equivalent to eating 10§ of brazil nuts offive bananas. However despite this, the
awareness of both legal and ethical constraints must be considered pnieagoremen

with DXA in athletic populationswhich limit the fequency of its use.here have been a
number of standardisation issuewhich highlight reduced reliability in DXA
measurement including pre scan nutritiofdne et al., 2016hydration(Toomey et al.,
2017)and exercis€Nana et al., 20123tauses and this has led to the development of a
best practice protoco(Nana et al.,, 2016; Nana et al.,, 2018)f the three body
composition studies utilising DXA in internatianTaekwondo athletes onReale (2017)
employed this protocol and despite any limitatjioD¥XA is still often regarded as the
criterion standard of body tissue measurem@#zzocchi et al., 2016which may
provide the best insight into the body composition of international Taekwondo athletes in

future investigations.
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2.2.2. Whole Body Somatotypand Stature

Bridge et al. (2014highlights only 15 research articles examining the somatotype profile
of both male (9 artic® and female (6 articles) demographics in international, national
and novicestandardTaekwondo athletes. In the majoriby these studigsnternational
standard Taekwondo athletes exhibited a predispositiomafomorphywith males
predominantly dispking an ectomorph mesomorph and females a mesomorph
ectomorph somatotype profile. Whilst female athletes display overall hegldemorphic
characteristicsand Junior male Taekwondo athletes a greater mesomegibmorph
profile, in contrast to theiSenor counterparts, this is unsurprising due to higher FM in
females and lower levels of LM due to maturation status in younger atfiiédéina &
Geithner, 2011)A point of interest is that the majority of the studies included in this
review were conducted prior to the 2008 Beijing Olympic Games and given the previous
high contact and explosive power demand of the spmahy Taekwondo athles were
relatively shorter with greater amounts of FFM than their modern day competitive
counter part{Olds & Kang, 2000; Taaffe & Pieter, 19903 study by Kazemi et al.
(2014) examining the differences between Taekwondo competitors in the 2000 to 2012
editions of theDlympic Gameshas highlighted that stature in all weight categories and
acrosssexes has increased by up to t@ntimetres (cm)Figure 21 demonstrates the
mean staturef Taekwondocompetitors in the last fiveditions of the Olympic Games,
where the largest differences are exhibited in the lighter weight categeitiesmaller

differences between the competitors in the heavegght categories.
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Figure 2.1: Comparisorof the mean stature of female (A.) and male (BekWondo
competitors across the 20@D16editions of the Olympic Games
(dark grey area denotes events pre PSS and significant rule changes).
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Studies in international Taekwondo athletes post 2008 Olympic Games (and since the
introduction of PSS)have demonstrated that concomitanthwicreass in stature,an
evolution ofsomatotypeorofiles which exhibitgreaterectomorply and decreasing traits

of mesanorphy (Ghorbanzadeh et al., 2011Noh et al. (2013gxamined differences in

the somatotype of differinghale Olympic weight catgories and found that lighter weight
categoriegfly -58 kg and feathe®68 kg, had a higher predominance of ectomorphy over
their heavier counterpar{svelter -80 kg andheavy +80 k§ These finding were also
supported in a studjunget al. (2015)who found greater levels of mesomorphy in the
welter and heavy categorjeis contrastto higher levels of ectomorphin the fly and
feather categoriesThe results of these studies atiet increasing prevalence of an
ectomorphic somatotype show a strong relationship with the increasing stature of
international standard Taekwondo athletes ssthe Olympic Games programmes.

Whilst neither stature or somatotype profile are by no meameaursor to unparalleled
success in the sportmany coaches are now including these factors as an essential
component for selection of athletes in national team and talent identification/transfer
programmes. As there was less emphasis inirigcto the head in previous versions of

the rules, athletes who were considetedhave ahigherpower to mass ratio than their
opponentswere deemed to have a greater competitive advarikagemi et al., 2014)
However, since the introduction of the PSS scoring systems andawitimcreased
emphasis to score to the he@heOk & Voaklander, 2016)taller athletes are now
deemed to have a competitive advantage over smaller counterparts with greater reach in

limb length.

There is a clearaed for more research studies examining the changing anthropometric
profiles of international Taekwondo athletes over subsequent Olympic Games
programmes. This would nead be achieved utilising validnd reliable methods of
examining body composition fondices of both whole body and regional FM, LM and
BMC/D and a population specific prediction equatiehich would allow a greater level

of accuracy i sassessnfemtopometri c X
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2.3. Taekwondo Athlete Physical/Physiological Profile

Athletic performace in the sport of Taekwondo is mediatedabgumber of collective
factors such as technical/tactical ability, psychological robustness and
physical/physiological profil€Bridge et al., 2014)Taekwondo athletes require a high
degree of both speed and agility physical qualitiesorder to avoid the attacking or
counter actions of their oppong®adowski et al., 2@). Due to a prominent emphasis in
kicking to the head, there is an elevated demand for lower limb flexjkibtycomitant

with the ability to generate high force and velocity for power in striking actions with both
maximal isometric strength (for puslg opponents in alinch) and strength endurance

(to hold lower limbs in high kicking positiongBall et al., 2011)Given the intermittent
nature of the sport, there is a high contribution of all three energy system pathways
(Campos et al., 2012; Hausen et al., 20inereTaekwondo athletes are required to
have well develogd aerobic and anaerobic carggpiratory systemsThe following
sections will lighlight both laboratory and field based measurements examining physical
and physiological profiles of internatial standard Taekwondo athletes, with particular

focus on strength/power and cardiorespiratory capabilities.

2.3.1. Strength andPower

To date there have only been two studies (one in males/two in females and exclusively in
Senior division athletes) examining maximal dynasti@ngth (MDS) in an international
standard Taekwondo athlete population, conducted using whole body upper and lower
bilateral loadedmovementsMarkovic et al. (2005)nvestigatedthe fithess profile of
international standard femaleadkwondo athletg who displayed mean upper body 1
repetitionmaximum (RM) strengtlin the bench press movement of 55.7 + IKg6éand

lower body 1RM strength in the squat movement of 89.1 + k@.6Relatively this
represented & g A Bstbreof 0.9 + 0.1 and 1.4 + 0.2 ithe upper and lower extremities,
respectivelyBall et al. (2011 palso conducted 3RM strength assessmemsliackwondo
athletes selected for the Australian Olympic Team representing at the 2008 Beijing
Olympic Games, who displayed mean upper body 3RM strength in the bench press
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movement of 56 + 1Rg and lower body in the squat movement of 88kg3Similarly

to the study by Markovic and costoreecf@ues,
+ 0.1 and 1.3 = 0.1 in both the upper and lower extremities. Based on the relative scores
in both these studies, this categorises international standard Taekworedesattithin

the 20" to 10" percentiles of normative values within a general populafitesffman,
2006)and substantially lower than absolute scores measured in other s{Gkaapene

et al., 2012pand grapplindChaabene et al., 2017; Franchini et al., 2@bh)bat sports.

The assessment of lower limbaximal dynamicpower (MDP), has been exclusively
examined in Taekwondo athletes utilising jump based testing modalities. Thetyrajo
these studies have been conducted with a variety of differing measurement tools
including jump and reach sticks, force platforms, linear encoders, electronic pressure and
optical acquisition systems. There is also a large disparity between teddrdiaation

with some studies using virl vs. horizontal jumpsyith and without use of the arms

and standing vs. running jump3able 2.3 highlights all studies which have been
conducted using either verticabuntermovement (CMJ) and/or squat (fuihps with
standardised procedurescluding fixed akimbo hand positions Those studies which
have used both CMJ and,Sihve then had the division of these values calculated to
generate the eccentric utilisaticatio (EUR) which is used to observe the efficiency of
muscular stretch shortening cyclepability(McGuigan et al., 2006)

It is clear from the presented literature that there is a considerable need for more data
examining both theMDS and lower limbMDP capabilities of international standard
TaekwondoathletesBridge et al. (20143tate that further research is needed to establish
age division,sex and weight cagory differencesin line with the development of a
standardised battery of tests to examine these variables and that consideration should be

given to develop specialised and sport specific tests of lower limb muscular power.
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Table 2.3 Vertical jumpscores for international standard maded female Taekwondo
athletes
(data are presented as mean + SD).

MALE FEMALE
Reference Test CMJ SJ EUR CMJ SJ EUR
Method (cm) (cm) (au) (cm) (cm) (au)
Chiodo et al,
OAS 40.8+4.9 - - 282+25 - -
2011
Ghorbanzadeh Not
N 39.0+55 - - 275+ 3.7 - -
etal, 2011 Specified
Markovic
EJM - - - 32.8+3.9 29.8+29 1.10
et al, 2005
Heller et al,
FP - 454+ 45 - - 29.8+4.0 -
1998
Casolino
OAS 41.0+5.6 38.4+6.0 1.07 27.4+2.8 25.5+3.7 1.07
etal, 2012
COMBINED SEX
CMJ SJ EUR
(cm) (cm) (au)
Ball et al. 2011 OAS 43.0+£0.7 - -
Cetin et al,
LE 47.2+6.4 435+6.2 1.08
2009
Chaabene
FP 40.2+5.4 38.2+46 1.05
etal, 2017

OASI Optical Acquisition System; EJMElectronicJump Mat; FPi Force Platform; LE Linear

Encode; aui arbitrary units
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2.3.2. Anaerobicand Aerobic Profiles

Taekwondo competition places a high demand on both of the anaerobic and aerobic
pathways and Taekwondgractitioners require highly developed card&piratory
systems(Bridge et al., 2009)Numerous studies have examined these variables in
international standard Taekwondo athletesth the most common assessment of
anaerobic profile, conducted via lower limb 30 second Wingataerobic testing
(WANT) for the measurement of relative peak power capacity and aerobic profiles
conducted viadOzmaxtestingfor the measurement of maxitaxygen uptakeBridge et

al., 2014)

Table 2.4presents lower limb 30 second WANT scores for international standard male
andfemale Taekwondo athletes, with relative peak pawpresented a8.4i 14.7WA K g

for males and 616 0 . 2 ! Wwidmales, respectively. These scores contrast positively
with those from both other strikingChaabene et al., 2012hd grapplingChaabene et

al., 2017; Franchini et al., 201tpmbat sports plus normative values for power trained
males(Coppin et al., 20123and female¢Baker et al., 2011)
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Table 2.4;: Lower limb 30 second WANT scores for international standard male and
female Taekwondo athletes
(data are presented as mearsb).

MALE FEMALE

Reference Test Peak Peak Mean Mean Peak Peak Mean Mean
Method Power Power Power Power Power Power Power Power
W)  Wkgh) (W) Wkg?h)| W)  (Wkg?) (W) (Wkg?

load: 864.6 11.8 671.2 9.2 621.4 10.2 481.9 7.9

Taaffe &
0.075 + + + + + + + +
Pieter, 1990 _
k p Ak| 246.2 2.0 151.3 1.2 145.4 2.5 77.2 1.2
14.7 10.1
Heller load 56
- - + - - - +
etal, 1998 WA kg
1.3 1.2
8.4 6.6 6.6 55
Lin 0.0750.1
_ - + - + - + - +
et al, 2006 k p Ak
0.9 0.6 0.4 0.9
_ load: 9.5 7.2
Cetin
0.075 - + - + - - - -
et al, 2009 _
k p Ak 15 1.0
9.9
Sadowski
load NR - + - - - - - -
etal, 2012
1.0
Taskin & 442 .4 7.5 337.2 57
Akkoyunlu, load NR - - - - + + + +
2016 74.4 0.8 48.2 0.5
load: 663.8 10.7 470.6 7.6
Rocha
0.075 + + + + - - - -
et al, 2016 -
kpAk| 89.3 1.3 75.1 0.9

Table 2.50resent3/Ozmaxtest scores for international standard Taekwondo athletes, with
ranges between 44@8B.2ml-kg-mint and 41.651.1ml-kg-min? for males and females,
respectivelyAgain, hese scores contrast positively with those from both other striking
(Chaabene et al., 2012; Chaabene et al., 28id grapplindChaabene et al., 2012;
Franchini et al., 2011)ased combat sports and categorise the Taekwondo athletes from
across these studies within the average to high normative ranges feebat{Astrand,
1960)
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Table 2.5 VVOomaxtest scores for international standard male and female Taekwondo

athletes

(data are presented as mean + SD).

Reference

Test Method

Taaffe & Pieter, 1990
Rivera et al. 1998
Markovic et al, 2005
Bouhlel et al. 2006
Butios & Tasika, 2007
Markovic et al, 2008
Perandini et al.2010
Chiodo et al.2011
Cubrilo et al, 2011
Rocha et a].2016
Hausen et a).2018

Treadmill
Treadmill
Treadmill
Shuttle Run Test
ShuttleRun Test
Treadmill
Shuttle Run Test
Treadmill
Treadmill
ShuttleRun Test

Treadmill

MALE FEMALE
VO2max (Ml-kg'min-?)
55.8+ 3.9 469+ 7.5
59.3+45 48.9+8.0

- 49.6 + 3.3
56.2+2.6 -
53.7+£4.0 -

- 4908+2.8
51.9+29 41624
63.2+6.1 51.1+23
440+ 3.0 -
522+6.5 -
499+ 3.6 -

COMBINED SEX

Ball et al, 2011
Chen et al.2017

Shuttle Run Test
Shuttle Run Test

53.3+5.7
46.2+4.7

Whilst all of the aforementioned literature gives an insight into phgsical and

physiological profile of international standard Taekwondo athletes, as with body

composition and given the mixed general and specific methods utilised to examine these

factors it is hard to gain an accurate perspective. Despite this, thedesreould suggest

that this demographic havienited maximal dynamic strengtayerage levels of muscular

power and aerobic conditioning, yet high levels of anaerobic conditioning.
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2.4. Perceptual/Physiological Demands of Taekwondo Training ad Competition

2.4.1. Activity Profiles of Training and Competition

To date no study has examined the activity profiles of Taekwondo training sessions, yet
there are many reports in the literature where training session details are provided.
However, given theidparity in the design of these sessions it would be difficult to make
comparisons. A repeated measures study investigating the activity profiles of athletes
conducting parallel training sessignwithin a similar preparation period, could

potentially eluddate some data to further examine this factor.

A review byAvakian et al. (2016)highlighted that the introduction of new rule changes
and PSS technologgeesection 2.}, has substantiallghanged both the activity profiles
and gameplay of bouts across age divisions. Examining studies conductetb gher
introduction of PSS in 200&ctivity profilesare categorised bactivity:recoveryratios
ranging from 1:6/7 with the rear ledpllyo chagibeing the most commonly utilised
technique predominantly delivered in counter play act to the trunkBridge et al.,
2011; Bridge et al., 2013; Kazemi et al., 2014; Kazemi et al., 2010; Kazemi et al., 2006
Matsushigue et al., 2009; Santos et al., 20Uhsurprisingly, post 2008, the activity
profile ranges from 1:3/5 with the most common technique B&ldollyo chagi(Falco et

al., 2014; Falco et al., 2012; Lopkapez et al., 2015; Tornello et al., 201Bjpowever,

this technique is now more commonly utilised with the front leg and with a greater
proportion of the gameplay to the heagiven the higkr allocation of point scoring
techniques to this arddaeOk & Voaklander, 2016; Kazemi et al., 2014p date no
study has examined the activity profiles betwseres or of official competition bouts
inclusive of currentrule changeswhich again may have substantially changedhbot
activity:recoveryratios and technoal/tactical gameplay patterns.
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2.4.2. Perceptual andPhysiological Responses afaining

There are a limited number of studies which have examined the ratings of perceived
exertion (RPERNd HRresponses of differing types of Taekwondo trairaegvities To

date no study has examined blood based markers of physiological straisiveciof
lactate(BLac) duringtraining sessions. The data within these studies has been prksente
in a number of differing iterations, including the use of bo0§Borg, 1970)and 10
pointratio (Borg, 1998)RPE scalgsconcomitant with gross calculations of sessRi?E
(sRPE) training impulseand HR variability calculations. This section of the literature
review will focus sotly on those investigations which have examined complete
measurements of RPHR and/or%%HRmnax andcan be further assessed for between study
comparisonToskovic et al. (2002¢xamined thgerceptual anghysiological effects of

a standardised 20 minute Taekwondo session between practitioners of differing
standards, where measures of HR and RPE wdlextam in each 5 minute period. In the
advancedyroups (n = 7)mean HR responses for the whole session were recorded as 170
+ 15 and 168 #0 beats-mif, which represented 89.9 + 5.8 and 88.3 + 5.H®Rmaxin

males and females, respectiveBridge et al. (2007also assessed the HR responses of
varying training activities within typical training sessions lasting betweet?80minutes

in 8 male international standard athletetiere HR responses varied between 128 + 13 to
161 + 15beats-min' representing 65 + 6 to 81 + 7BRmax The RPE responses in the
Toskovic et al. (20023tudy implemented the-B0 scale, where mean responses in males
were 13 + 1 (somewhat hard) and in females 12 + 1 (fairly lighhmewhathard). In
comparisona study byHaddad et al. (2014xamined RPE responses in12 year old
males aarss 368 sessions lasting 74 = 20 minutgslst utilising the 10 pointatio scale

and found mean responses per session of 4 + 1 (somewhat hard).

2.4.3. Perceptual andPhysiological Responses ob@petition

As highlightedin section 11, Taekwondo bouts are 3 x 2 minute rounds in duration
interspersed with a 1 minute recovery and athletes can have up to 7 bouts in a

competition dayButios & Tasika, 2007)To date only five studies have highlighted the
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perceptual and physiological challenges associated with international standard
Taekwondo bow demonstrating a high demand on both the aerobic and anaerobic
energetic pathways (see Table 2)6 As such, the cardimetabolic physiology in
competitive bouts is elevated with BLac exted at mean values of 712.2mmol-L* at

the cessation of eontest dspite sub maximal HR (175193 beas-min™) and RPE (11

fairly light i 14 somewhat hard) values across roufigige etal., 2014) However, all

of these studies were conducted prior to 2008 and the introduction of PSS, making these
investigations ecologically invalid on the basis of the altered activity profiles highlighted

in section 2.41.

Over the past decade tedrave been a number of studies investigatingéneeptual and
physiological responses of simulated Taekwondo bomksch follow the same time
structure of official competitive bouts and can be classified as either opponent or pad
based (see Téb2.6. To date only one pad based simulation study has been conducted
by Bridge et al. (2013)which was implemented in a controlled area and regulated via an
audio signal, yet cordinated with the same activity profile of pre 2008 official
competitive bouts. HR across rounds and concluding BLac values at the end of the
simulaton were shown to be markedly lower compared to official competitive Jbouts
despite near identical RPE values. Specifically in Taekwondo athletes, this study was the
first to characterise that the differences in these BLac responsesa result of fivéold
increases in both plasma adrenaline and noradrenaline during official competitive bouts.
This is manifested by a greater activation of both the sympathetic nervous system and
adrenal medul | a, i ner-bki gbht @ns enacenseseird s pPpodngeh
both catecholamine and cortisol hormones. Theretbre demonstrates that pad based
simulated bouts are an ecologically ineffective means of recreating the physiological

strain of competition.
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Table 2.6 Perceptual anghysiological responses during official competitive and
simulated Taekwondo bouts in male and female Taedovathletes of differing levels
(data are presented as mean + SD
Grey area denotes events post PSS and significant rule changes).

OFFICIAL COMPETITIVE BOUTS

RPE (a.u.) HR (beat-min?) BLac (mmol-L™%)
TIMEPOINT R1 R2 R3 R1 R2 R3 PRE POST
Markovic et 11 12 14 182 190 193 0.9 11.7
al.,2008]I * * + * * * + *
0 1 1 5 3 3 0.2 1.8
Bridge 11 13 14 175 183 187 2.7 11.9
etal,20009 + * + + + + + *
2 2 2 15 12 8 0.6 2.1
Matsushigue 183 3.1 7.5
etal2 009 - - - - - + + *
9 2.7 3.8
Chiodo 175 175 178 2.2 7.0
et al . - - - + + + + +
10 10 9 0.5 2.6
Bridge 11 12 14 185 189 190 2.6 12.2
etal, 2013 + * + * * * + *
2 2 3 7 8 9 0.9 4.6
PAD BASED SIMULATED BOUTS
S”tdgea | 11+2 12+2 13+3|166+3 174+4 176+2| 1.2+0.7 3.6+2.7
OPPONENT SIMULATED BOUTS
Bouhlel
etal,2 00 6 197+2| 1.6+0.2 10.2+1.2
Bridge 1.9+0.8i 105+ 3.2
etal, 2018 13+11 14+ X 192 + 8i 194 + & L 1139+
3.1+1.% Py
Campos 156 169 175 7.0
etal,201 2 - - - + + + - +
9 9 10 15
LopesSilva 167 173 177
etal, 2015 11.5+£0.3 i i i G G
13 10 10
Hausen 173 179 179 12.3
etal,2017 - - - i i i - i
1 11 19 2.9
LopesSilva 164 177 183
etal, 2018 G G G E E E G G
17 13 12
Yang 182 183 179 5.6
etal, 2018 - - - + * * - +
8 7 8 4.2
I - Male participants] - Female participants; Il - Mixed participants 1 Data only shown in graph
format;

+ Average across rounds;Average per bout across 4 contests
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Opponent based simulations utilise the same rules and regulations as desgdmntidn

2.1 versusanother competitor. Investigations employing opponent based simulations
show a large disparity across results, highlighting them as both effective and also
ineffective at replicating the cardiwetabolic demands of official competitive bouts.
However this could be postulated as being attributed to a number of confounding
variables. For exampletudies byCampos et al. (2012).opesSilva et al. (2015pand

Yang et al. (2018)were all conducted without the use @f body protectar given
participants were equipped with a portable indirect calorimetry unit allowing only limited
contact. Studies bidausen et al. (2017nd LopesSilva et al. (2018)both utilised a
novel method of embedding an indirect calorimetry unit into a padded bag, which was
worn on the participants back and the unit mouth piece embedded into the protective
headgear. Whilst this allved a increase ircontact during these bouts, this also results

in additional mass carriage of the equipmemlich is considerablyheavier than the
standardattire worn in official competitive bouts. Additionallynone of these studies
utilised PSS sysins, which were omitted due to negatively effecting the indirect
calorimetry measurement and were conducted within a number of settinlygling

laboratories, further reducing ecological validity.

Both the studies bBouhlel et al. (2006and Bridge et al. (2018yvere conducted with

non PSS full protective equipmenih an ecologially valid settingincluding referees,
which may also explain why theegceptual angbhysiological results of these studies are
markedly similar to those of official competitive bouts pre 2008. All of the
aforementioned studies have also been conducted across a number of differing iterations
of the official competition rules and exhibitvariance inactivity profiles (ranging from
1:2-1:8). This makes both within opponent based simulation and between official
competition based comparisons inexpedient. Irrespectieivefgencs in the research

all of the studies in botlsection 24.2 and Table 2.6 highlight there is a clear
cardianetabolic demand placed upon Taekwondo athletes during both training and
competition. Further research rsquiredto elucidate more data duringadkwondo
training and also in official compadtie contests, utilising the most current rules and

regulations given the aforementioned changes in both activity profiles and gameplay.
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The previous sections have served to highlight the sport of Taekwondo, its rules and
regulations, theanthropometrigghysical profile of its athletesand the demands of
traininglcompetition. It is apparent thainternational standard aekwondo athletes are
required to be in peak condition in order to competthin a sport that requires a
prominent level of technitand tactical expertise, physical qualities and places a high
demand on a number perceptual anghhysiological systems. However, a key aspect of
the sport which hasot been discusseit depththus far is weight categorisation, were it

is compul sory f orandeotnpeteagdinstapponents ob eqeal BMhAsi n 6
with all weight categorised sports, Taekwondo athletgsge in practices to reduce BM,

with this growing into annherent cultural paradignirew of the studies in thgrevious
sections have addressed this issutheir designsand he subsequent sections will now
serve to explore this in greater detaihich is the central theme of this thesis.
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2.5. History of Weight Categorisation in Sport

Historically from as long ago as the ancient Olympic Games, weight categorisation was
not a consideration o&ny sporting event, including the combat sports of Wrestling and
Pankration which hadno upper or lower BM limits. The concept originated in the sport
of boxing during the early 18th century, when in 1738 a prize fighter named Jack
Broughton was the first to promote the use of 2 separatétveategories, classified into
lightweight and bavyweight, both above and below 160 pounds (72.7 kg or 11 stone 4
pounds). From this original ideologyany sports have adopted weight categories or
limits, to classify competitors of equal proportion for respecevents as shown in Table

2.7.

The evolution of weight categorisation in Taekwondo has a uniquely different timeline to
many of theother combasports but does, however, follow a similar trend to Wrestling.
Taekwondo competitions were originally contested with no weigtggory limits until

the F'World Championships held in 197/&hentwo weight categories were introduced
both above and below 64 kg. In the next edition of tH&\®rld Championships this had
been expanded teight categories and by thé"4Vorld Chanpionships edition in 1979
further expanded tten categories. At the'7World Championships in 1985he weight
categories were reduced once agaieigitand in the following 8 World Championship
edition in 1987, a furtheeight categories for fimale competitors were also introduced.
The established weight category limits remained the same acrosselathuntil the14"
1999 World Championshipsvhen they were all increased, which was also repeated in
the 19" 2009 World Championships for both male and female division®rld
Taekwondo, 2018bAs previously highlightedh section 2.ITaekwondo was introduced
into the Olympic programme #te Sydney2000 Olympic Games and unlike every other
weight regulated sporting evemtas given a reduced quota of categorfesir(for males

and females) (see Table 2.1). These categaiesnot used in any other format of
Taekwondo competitioand areamongst the largest differenceslO kg) of any weight

categorised sport contested globally.
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Table 2.7. Classifications of various weight categorised sports

Professional Amateur Judo Taekwondo Wrestling Wrestling Karate Weightlifting Mixed Professional
Boxing Boxing (Freestyle) (Greco Martial Horseracing
Roman) Arts (UK)
(MMA) .
MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE MALE FEMALE MALE FEMALE M&F M&F

-476kg | -46.3kg | 4649 kg 4548 kg -60 kg -48 kg -54 kg -46 kg -57 kg -50 kg -55kg -60 kg -50 kg - 56 kg -48 kg -52.2kg Flat racing-
-489kg | -47.6kg -52 kg - 51 kg - 66 kg -52 kg -58 kg -49 kg -61 kg -53 kg -60 kg -67 kg -55kg -62 kg -53kg - 56.7kg 50.8 kg
-50.8kg | -48.9kg -56 kg - 54 kg -73kg -57 kg -63 kg -53 kg - 65 kg - 55 kg - 63 kg -75kg -61kg -69 kg -58 kg - 61.2kg to 63.5 kg
-52.2kg | -50.8kg -60 kg -57 kg -8lkg -63 kg -68 kg -57 kg -70 kg -57 kg -67 kg -84 kg - 68 kg -77kg -63 kg - 65.8kg
-535kg | -52.2kg - 64 kg - 60 kg -90 kg - 70kg -74 kg -62 kg -74 kg - 59 kg -72kg +84 + 68 kg -85kg -69 kg - 70.3kg Jump racing
-55.2kg | -53.5kg -69 kg - 64 kg - 100 kg - 78 kg -80 kg -67 kg - 79 kg -62 kg -77kg kg -94 kg -75kg - 74.8kg 63.5 kg to
-57.2kg | -55.3kg -75kg -69 kg + 100 kg + 78 kg -87 kg -73 kg -86 kg - 65 kg -82kg - 105 kg -90 kg -77.1kg 76.0 kg
-589kg | -57.2kg -81kg - 75 kg +87 kg +73 kg -92 kg - 68 kg -87 kg + 105 kg + 90 kg - 79.4kg
-61.2kg | -58.8kg -91kg - 81 kg -97 kg - 72 kg -97 kg - 83.9kg
-63.5kg | -61.2kg + 91 kg +81kg + 80 + 67 kg -125 kg -76 kg - 130 kg + 75 kg - 88.5kg
-66.7kg | -63.5kg kg - 93.0kg
- 69.9kg -66.7 kg 48-51 kg -102.1kg
-726kg | -69.9kg 57-60 kg - 120.2kg
-76.2kg | -72.6kg 6975 kg +120.2kg
-79.4kg | -76.2kg
-909kg | -79.4kg
+90.9kg| +79.4kg .

All weightcategory information has been pertained from télevant world governing body

Weight categories highlighted in bold are those included in the Olympic Games.
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2.6. Making Weight in Combat Sport

The rationale for weight categorisation is to promote fairer contests between competitors
of equal proportior{LanganEvans et al., 2011Pespite thisit has been suggested that
many weight categorised athletes lose large amounts of BM in order to gain competitive
advantages in either stature, limb length or power to mass ratio. Concomitantly with the
develgment of weight categorisation in sports, losing BM to compete within a specified
category known asnakingweight (also referred to asutting), has equallyevolved to
become an integral part of each sports respective culaking weight can occur in

both acute(termedé ac ut apiod weli AgRWL) ahdcclsranié timeframes and
hasgrown infrequency magnitude and occurrence over a number of dectuleghere

there has been global call to ban these practicdértioli et al., 2016) The research
highlighted in this section will focus specifically on thakingweight practices of both
professional and amateur combat sports, in gaapplingandstriking disciplines, before
concluding with thosexaminations conducted specifically within Taekwondo.

2.6.1. Grappling: Judo

Judo is governed by the International Judo Federation, (idf€rejudokaare required to
weigh in no later than 8.00pm on the day prior to a competition. Since 2014 the IJF have
alo instigated a random weigh in, which takes place one hour prior to the start of
competition, where athletes are notified by a list placed next to the-waamnea. There
have been a number ofakingweightrelated incidents reported in Judo oveccassive
years, most notably the failed weigh in of British Olympic judoka Debbie Allan as a
results of scale tamperi@oames, 2008nd also the death of Korean Olympic judoka
Chung Se Hoor(AP News, 1996) To date a number of studies have examined the
makingweightpractices of judoka and to conduct investigations with a valid and reliable
measurement toolArtioli et al. (2010d)developed aapid weight lossquestionnaire
(RWLQ), which examines a number of factors to generate a R¥¢b€e (RWLS). The
RWLQ has subsequently been utilised in a number of styéd®li et al., 2010b;
Barley et al., 2017; Brito et al., 2012; Reale et al., 2Q18ghlightinga highfrequency
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(68.289%) and magnitude (28%5%) of BM loss in an adult judoka population. The
most common methods employed to achieve these BM |ogse€nergetic restriction
(gradual dieting; skipping meals; fasting), increase@rgeticexpenditue plus active
(training with sauna/sweat suits; heated training environment) and passive (restricting
fluids; spitting; saunas) dehydration techniques. Interestimdjlyf these studies found
differences in RWLS and/or behaviours between competitivdslewgh international
standard judoka engaging in more extreme practices, yet no differences bséxeen

and athletes in differing weight categories.

EscobaiMolina et al. (2015examined the differences between judoka of different age
divisions where the magnitude of BMss was greater i&enior (>20 years) compared to
Junior (1720 years) andCadet (<17 years) athletes. However despite this, an
investigation byBerkovich et al. (2016)highlighted that in a group of adolescent judoka
(12-17 years)the frequencyf makingweight practices was still markedly high (80%)
with the magnitude of BM loss ranging from Z38%. Interestingly, the methods and
influences of these practices were similar to adult judoka, however, it was highlighted
that parents were also a main influenfa@ the engagement ahakingweight practices

in this age demographic. Independent of age diviserpr competitive level the typical
occurrence of these practices 5 8mes annuallywith BM losses targeted over a period
of 7-14 days.

Therandom reweighin ruling limiting BM to below 5% of aespective weight category,

was introduced by the IJF in an attempt to reducentieing weightpractices of judoka.

A study byMalliaropoulos et al. (2017investigating BM loss practices in a group of
male and femal&enior British judoka, has demonstrated that the daeugiency(84%),
magnitudes (3%) and occurrences (5) are comparable to research conducted in Judo
athletes prior to 2014when the rule was introduced. This study demonstrates the
potential inefficacyof this regulation, albeit in a limited (n = 255) cohort with singular
nationality andhe need for a weight category managenpgagramme, which has been

proposedoreviously(Artioli et al., 2010a)
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2.6.2. Grappling: Wrestling

Wrestling is divided into two distinct disciplines of Freestyle and GRoman and is
governed by United Worl&Wrestling (UWW). Bothdisciplines have differing weight
category limits for both males (Freestyle/Gré&doman) and females (Freestyle only),
respectively. UWW currently follow a two day competition formvahereby semfinals

and finals are conducted on the second day. Weigh ins are held the day before each
competition roundwith the second day weigh in granting a 2 kg allowance above the
allotted weight category, where all wrestlers must wear their competition singlet (As of
January 2019 this allowance will be removed). Wakingweight practices of wrestlers,
particularly in the US collegiate system, are the most researched of angtcpual with
reviews/studies dating as far back as the early 19R6aney, 1930)and mid 1940s
(Doscher, 1944)From November to December of 1997, three US collegiate wrestling
athletesattending universities ithreediffering locations died from hyperthermia dror
rhabdomyolysis attributed to extreme hypohydrati@enters for Disease Control and
Prevention, 1998)Since these eventthere ha been a raft of researaxamining the
makingweight practices of both high school and collegiate wrestlers including a number
of positions stand6ACSM, 1976; Oppliger et al., 199@nd regulation papef©Oppliger

et al., 1998; Oppliger et al., 2006)

Since US high school and collegiate wrestlers follow different rulings to those set out by
UWW (including 14 to 10 categories psex day of competition weigh ins <4 hours
prior to catests minimum weekly BM loss allowance of 1.5%; minimum BF% o6i%

in males and 12% in females; urine speatfiavity Usg <1.020) theremainder of this
section will focus on studies examinimgaking weight practices in UWW wrestling
disciplinesonly. Utilising both the RWLQ and other methods, various studitkerman

et al., 2004; Barley et al., 2017; Kordi et al., 2011; Retadd. £2018ahave demonstrated

a wide frequency(53-97%) and magnie (4.85.9%) of BM loss in a multitude of
wrestling populationsThe most common methods employed to attain these losses are
generallyA/RWL procedures including activ@raining with sauna/sweat suits; heated

training environment) and passive (restngtifluids; spitting; saunas) dehydration
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techniquesemployed in acute timeframes-{D days) and conducted around 5 times

annually.

There is limited research examining both the differences in BM loss between wrestlers of
differing sexesand age divisionsReale et al. (2018&pund no differences in RWLS
betweensexes, yet similarly to Judo, differences between competitive levels in their
study of Austalian international standard combat sport athledderman et al. (2004)
examined the differences in rapid weigjatin (RWG) betweeCadet (1516 years) and
Junior (1718 years) wrestling athletes and found a greater magnitude of BM loss in the
older age group (albeit only by 0.&8) and a specific investigation B¥iveiros et al.
(2015) examining 1115 year old wrestlers, highlighted homogenedusquency
magnitude and occurrence of BM loss to those in adult cohorts.

2.6.3. GrapplingandStriking: Mixed Martial ArtgMMA)

MMA can be defined into both amateur and professional codesesBronal MMA
contests are governed by a number of world sanctioning bodies (also known as
promotions) including Bellator, Absolute Fighting Championship Be®ate Warriors

with undoubtedly the largest global promotion being the Ultirkaghting Championship
(UFC). Typically these sanctioning bodies conduct weigh ins >24 hours prior to a contest
and where an MMA athlete fails to meet their weight category limit, it can be atipagted

a bout may proceed but eaitch weightwith thefailing athlete forfeiting a percentage of
their purseto the opponentn the case of championship bouts, a failed weigh in results in
the cancellation of the bout (or a replacement fighter)these type of contests can only

be validated if both compédrs meet the weight category limit. In the instance of
competing at catch weight due to a weigh in failure, the opponent can stipulate they also
re-weigh in and do not exceed st weight limit in the hours preceding the contest
(Prentice, 2018)Regardless of these regulations, MMA has gained a reputation amongst
combat sports for having some of the most extramakingweight practices, which have
resulted in a number of dées over manyears(Crighton et al., 2016-ernandez, 2015;

Murugappan et al., 20184 limited number of studie@arley et al., 2017; Coswig et al.,

38



2015; Crighton et al., 2016; Jetton et al., 2013; Matthews & Nicholas, ,26avé
highlighted an unprecedentéeéquency(95-100%) and magnitude (441%) of BM loss

in only the days and hours preceding contests. Whilst the occurrence of these losses are
less than other combagparts, a case study conductedawald championprofessional

MMA competitor (Kasper et al., 2018glucidatedan even greater magnitude of BM loss
(18.1%) across an 8 week Ophasedd preparati
of both chronic (energetic restriction/increased expenditure) and acusvépastive
dehydration) methodsencompassing a range of techniques. Unsurprisingly, these
athletes also employ a number of unconventional methods ofoB#lincluding water

loading, theapplication of topical alcohol/gels to increase sweat productidrantowel
wrapping (Barley et al., 2017; Crighton et al., 2016; Kasper et al., 20li®&3re are
currently no data examining the differences betwsexes, competitive levels or age
divisions and investigations conducting this research is urgently negdesh the

extreme and dangerouosakingweightpractices that are commonplace within the sport.

2.6.4. Striking: Boxing (Professional)

Professional boxing is governed by four main world sanctioning bodies: the International
Boxing Federation (IBF), World Boxing Association (WBA), World Boxing
Organisation (WBO) and the World BoxinGouncil (WBC) with the latter being
regarded as the moptestigious promotional body. Typicallthese sanctioning bodies

will weigh in boxers not more than 30 hours and no less than 24 hours prior to a bout.
The WBC stipulates that boxers must be weighed both 30 days and 7 days before a bout
and not exceed merthan 10% and 5% of BM maas these time pointgespectively
(FightNetwork, 2014)In the instance a boxer fails to meet their weight category limit,
the regulations are similar to the aforementioned rulings in professional MMA contests
i.e. catch weight, forfeit of purse etc. Research into ritaking weight practices of
professional boxers is extremely limitgeet there have been a number of media pieces
highlighting the dangergCollins, 2014) with professional boxer Danny O'Connor
suffering renal failure in his bid to make weight for a world title figBBCSport, 2018)

A case study report bylorton et al. (201Q)characterised the previous BM loss practices
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of a professional boxer, which included chronic energetic restri¢thmtusive of total
caloric and fluid restriction 48 hours prior to weigh and extreme dehydration
methods including exercise in a sauna/sweat suit resulting in a BM reduction of over
13%. Daniele et al. (2016also investigated RWG @brved in professional boxers post
weigh in and despite not finding significance between this factor and boxing
performance, the study noted some alarmingly high incidences of BM gain by up to 9.3%
in a limited time period. There is certainly scope fotethra of research studies further
examiningmakingweightpractices in this demographic.

2.6.5. Striking: Boxing (Amateur)

Amateur boxing is governed by the International Boxing Association (AlBAginally

the Association Internationale de Boxe Amal) and conversely to professional boxing,
athletes are required to weigh in under two regulations: the general and daily weigh in. At
the beginning of a competition all boxers are expected to attend a generainyeigich

is held no less than 6 houpsior to the start of the first contest. Boxers who are
successful in competing in subsequent rounds must then attend the daily weigh in, which
is held no longer than 3 hours before the start of the first contest. There have been a
number ofmakingweight related incidents reported in amateur boxing, most notably in
the cases of boxers Frankie Gavin and Gary Russell Jr during the 2008 Beijing Olympics
(Rowbottom, 2008Shpigel, 2008)and the death of an amateur boker2018 due to
diuretic use(WATE.com, 2018) Again and similarly to professional boxing, there is a
paucity of research examining tineaking weight practices of this demographiwith

only three studies being conducted to detall and Lane (2001¢o-ordinated structured
interviews with amateur boxers (n = 16) who described a mean of 8% BM loss across a
competitive seasonior der t o remashi P culiesinpbotReale etsal.
(2018a) and Barley et al. (201) (utilising a modified RWLQ) highlighted that the
frequencyof BM loss in amateur boxers ranged from®®6, with magnitudes of 3.6

6.8% typically occurring 4 times annually across a period ofA@ days. Yet again and
similarly to other studieghere are no differences betwesaxes. Typically these athletes

will engage in methods of chronic energetic restriction and increaseugetic
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expenditure,whilst utilising acute active (skipping/running in sweat/sauna suit) and
passive (restricting fluigsdehydration techniques to achieve their prescribed weight

category an@gainfurther research in this cohort certainly warranted.

2.6.6. Striking: Taekwondo

Historically, Taekwondo athletes were expected to weigh in on the morning of
competition, yet since@1 they now do so on the day prior. Similarly to Judo, in June
2018 WT introduced a rule changehereby a number of randomly selected competitors

in each respective weight categoare required to reveigh in on the morning of
competition and must be thin 5% BM of their cgegory or risk disqualificatiofworld
Taekwondo, 2018a)lhere have been a number of deaths associatednaitingweight
practices in Taekwondavhich have occurred both before and after the introduction of
the new ruling (Forsyth, 2018; MasTKD, 2018Wtilising the RWLQ and other survey
tools, there have been a various studies condectachining thepractises in Taekwondo
athletes of differing ages and coetpive levels. Collectively these studies have
demonstrated that regardless s#fx in Senior (>18 years) athletes thHeequencyof
makingweight practices is 631%, with BM loss magnitudes ranging between@B%

in order to competéBarley et al., 2017; Brito et al., 2012; da Silva Santos et al., 2016;
Fleming & Costaelli, 2009; Reale et al., 2018aJhe occurrence of these losses is based

on theannualamount of competitions an athlateay attend, typically between3itimes

per year and across a-28 day period. Similarly t&enior athletes, iuniors (1417

years) thefrequencyis exhibited at 7®1%, whereas there is a reduction in the
magnitude of BM losses (:89%) with reduce occurrences (3) and timescales7(3
days)( Di ni z et al ., 2014; Janiszewsk.dhege Pr zyby.
levels of BM losses are accomplished in both acute and chronic timeframes, via energetic
restriction and increased expenditure, concomitant with both active (use of sweat/sauna
suits) and passive (restricted fluid intake) dehydration technigilesiing & Costarelli,

2007) The utilisation of ARWL technigues and dehydration via heated environments (in
particular the use of saunas and hot baths) as a means to reduce BM appears to be lower

amongst the otherombat sports, yet sihar to other striking disciplines such as boxing.
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2.6.7. Grappling andStriking Combat Sports Comparisons

With the competitive objectives of both grappling and striking combat sports being
uniquely different, it is unsurprising that there are disparitiesarafiproaches tmaking

weight practices amongst the athletes of these disciplines. Interestingly, it appears that
grappling based combat sports (Wrestling/Judo/MMA) favour losing large amounts of
BM in acute timeframes by a means AfRWL methods. 8iking combat sports
(Boxing/Taekwondp may lose BM over more protracted periods with a preference for
decreased energetic intake (EI) and increased exercise energy expenditure (EEE), with
these gradual approaches limiting the amounA/&@WL required tomake a specified
weight category. For striking this may be logjcglven overall whole BM hinders
propulsion, whereas in grappling there is a requirement for greater momentum and power
to mass ratio. To test this hypothesis two stufiResale et al., 2016, 2017ayamined the
differences between RWG in judokakers and found successful competition outcomes
were linked to this factor in Judo, however not in Boxing, which was also confirmed in
an another investigation bfubac et al. (2018)Therefore the data demonstrating the
preferred methods of BM loss in Taekwondo athletes concurs favourably with the

changing athlete anthropometric profiles highlightedeation 2.2

2.6.8. Influences oMaking Weight

Collectively, the previously aforementioned studies have highlighted that athlete
motivations to engage imaking weight practices are driven by the desire to gain
advantages in physicality over opponents. @tedsery few investigations have provided
evidence to substantiate this assertion dirdéttyrdi et al., 2011; Pettersson et al., 2013)
whereas only a small number have linked this to actual competitive success outcomes
(Alderman et al., 2004; Adli et al., 2010b; Reale et al., 2016; Wroble & Moxley, 1998)
Compellingly, it also appears theg¢xplays no part on the influence to engage in these
practices yet competitive level does. Whilst all of the aforementioned studies provide a
sound quantitative basis for the investigation of the influerases motivations for

engaging inmaking weight practices, to date onlghree qualitative studies have been
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conducted (by the same research group) to examine these factors in greater detail.
Research byPettersson et al. (2013); Pesson et al. (2012n a grap of Olympic
combat sport athletes (includirfgur Taekwondo athletes) demonstrated that factors
related to physique and s@lttualisation via mentaldvantagewere as equally important
congruent with the acntages gained in physicality. Furthermore in a qualitative case
study designPettersson and Pipping Ekstrom (20&4¢amined bw the transition of a
female amateur boxer through both national and international ,réek&ding to a
coaching career was governed consistently in all phases via changes in identity, balanced

perspective and knowledge.

One synonymous commonality betweall of the aforementioned studies conducted in
both grappling and striking based combat sports, is that coaches, training partners and
other competitorsare all highlighted to have the greatest influence on the decision to
engage imakingweight practices. Furthermore, combat sport athletes below the age of
legal responsibility are also heavily influenced by pareAtarmingly, a disturbing
report bySansone and Sawyer (20pbasdescribed themakingweight practices of a 5
year old wrestling athlete who was coerced ioging 10% of BM by his fatheDespite

both of these groups being identified as key stakeholders in combat sport ratitetg
weightand nutritional behaviours, very few investigations hewauaédtheir respective
attitudes, beliefs and knowledge surroumggdihese practiceg§Sossin et al., 1997; Umoren

et al., 2001; Weissinger et al., 1998urrently there have been no qualitative studies
examining the coach and parent perceptions to these practict®ir viewon being
regarded as a major influence in the procasd further investigations areertainly
warranted to elucidate additional data arotimsl paraigm in combat sports.

Further to themaking weight practices and influences highlighted in this section, it is
vital to understand the psydbgical andphysiological effects these methods may elicit.

The following sectiors will serve to examine BM loss techniques employed by
Taekwondo athletes across both acute and chronic time periods, inclusive of seminal
research in each area emphasising both the potential positive and negative outcomes on

both health and perforamce
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2.7. General Overview of Acute Body Masd.0oss Methods and Psychiogical and
Physiological Effects on Health and Performance

The human organismcan be divided into various sections, all of whichay be
manipulated to induce a reduction in BM. Approximately 60% of BM is comprised of
water TBW), which is divided into 65%intracellular (CW) and 35%extracellular
(ECW) componentgsee Figure 2) (Reale et al., 2017b)CW is the cytosol contained
within various cell structureswhereas ECW is divided between interstitial (fluid
surrounding cell structures allowing movement between cell membranes), intravascular
(both  blood plasmal/lymph) and transcellular (cerebrospinalnowsal joint,
gastrantestinal spaces) compartmerfi2éronnet et al., 2012Yhe TBW within these
compartments is either oOfr eeélicittAiRWIOMa@au nd 6
number of processes inclusive @spiration, urination and perspiratigReale et al.,
2017b)

Plasma fluid

7% of TBW, 3L

o
Extracellular fluid
e 35% of TBW, 14L
< = b —
Y Total body water (TBW)
60% OF BODY WEIGHT, 42L

Intracellular fluid
65% of TBW, 28L

»-

70kg

Figure 2.2: Endogenou3 BWcompartmental distribution in a 4y male
(SourceHydration4Health (2018)
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Reduction of BM via varying tissues such as LM and, E&h occur in both acute and
chronictimeframes which is dictated by their composition. The chemical composition of
LM (skeletal muscle) comprises approximately20% protein structures (myosin, actin,
tropomyosin, troponin, myoglobin), 5% salts, phosphates, ions, glycogen, intramuscular
triglycerides and 75%water (Wang et al., 1999)where freewater can be liberated
acutely in tandem with bounalateri.e. molecules such as glycogérarnopolsky et al.,

1996) FM can be subdivided into either essential or-eesential tissues. Esseht-M

tissues are stored in the organs (brain, heart, liver, kidneys, spleen, lungs and intestines),
bone marrow and central nervous system, with-@gsential FM tissues also subdivided

into both visceral (around the abdominal organs) and subcutanemiaifjed under the

skin surface) types. Essential FM requirement in maks been established &%6

(Fried! et al., 1994)whereas in females is higher, given #ex specific differences in
endocrine related functioning for sexual reproduction. Typically females will carry up to
7% more essential FMndependent of the aforementioned areas including the breasts,
pelvis and upper leg regior(&atch et al., 1980)FM is predominantly comprised of
adipocyes (containing lipid droplets), fibroblasts, macrophages and only i@¢ér
(Thomas, 1962)Adipocytes are also recognised as an endocrine organ responsible for
the production of various hormoneasclusive of leptin and adiponectifKershaw &

Flier, 2004) Typically reductions in both LM proteinrsictures and FM adipocytes will
occur in prolonged chronic timeframes due to protective and endocrine related processes

regulated by metabolism (discussednore detail irsection 2.8).

Combat sport athletes employ numerous methods to manipulate rtbeswaeseBM

sections (see section 2.6)However these methods are often utilised without the
consideration of either the positive or negative effects they may manifest on both overall
health and performance. This section will serve t@n@re this specifically in
Taekwondo athletes, however, where there may be an absence of research conducted in
this demographic, the applicable practices of other combat sport disciplines and/or

general investigations will also be considered.
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2.7.1. Endogenoudotal Body WateBalance and Dehydration

Endogenoud BW balance is regulated by both a number of input and output sysiems
demonstrated ifrigure 23. Dehydrationcan be defined as the loss of endogeniBig/,
achieved via active (exercise based) and/or passivegxengise based) methods, which

can result in both hyper and/or hypohydration. These losses can be characterised as
hypertonic (loss of endogenou$BW, which concentrates osmolality)isotonic
(concomitant loss of endogenolBW and osmolality) or hypotonic (reduction in plasma
osmolality content which dilutes exogendolBW) stateqGrandjean et al., 2003 hese

varying dehydrative processes can cause both hyponatremia (an excess of endogenous
TBW due to low osmolality <135mmol/L via hyperhydration) and/or hypernatremia (a
reduction in endogenouBBW due to high osmolality >146mol/L via hypohydration)
leading to a number of health related issues inclusive of nausea, vomiting, saimlires

comawhich may lead to deafffrried & Palevsky, 1997)

About 750 ml;
Includes perspiration and

respiratory losses

From negligible to
several liters

B About200ml

Highly variable;
drinking should
compensate

for the losses;
About 204 from food

Adaptable
Minimum of 500 ml;

About 300 ml; m
approximates
respiratory losses

INPUTS LOSSES

Figure 2.3: TBWfluid dynamics input and output systems
(SourceHydration4Health (2018)

As highlightedin Figure 23 the humanorganism can los&@BW via a number of
processesall of which are orchestrated by a number of physiological systems. The

predominant system, the renal feedback loop, regulates plasma sodium osmolality
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between a limited set point df35145 mmol-L™%. This system dictates the loss of
endogenoud BW via an inverse relationshipvhereby when sodium levels are high, the
hypothalamus stimulates the pituitary gland releasing the hormone vasopressin- (or anti
diuretic hormone- ADH), which in turn acts on the kidneys to reabsorb &V, yet
reciprocally at low levels, vasopressin secretion is reducadising freeTBW to be
excreted(see Figure 2) (Verbalis, 2003) Combat sport athletes use a variety of
techniques to manipulate this physiological system and induce BM loss, which are

described in detail in the subsequent sections.

A PLASMA OSMOL/

/7' | ADH

Excretion of a small volume A Water reabsorptior e Excretion of a longer
cretion ofasmallvolume. [P NI "vJ cowon ofdlcons

Figure 24: Hypothalamic regulation of plasma osmolality via vasopressin (ADH)
(SourceHydration4Health (2018)
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2.7.2. Gut Content Manipulation

Few studies have been conductettmonstrating that a variety of the combat sport
disciplines utilise passive methods of gut content manipulation in order to reduce BM in
acute timeframegrom 72 hours leading into the final hours preceding a weidBanley

et al., 2017; Brito et al., 2012; Reale et al., 201PbJjeview byReale et al. (2017h)
elucidates that these methods gelheraclude the employment of both laxatives and
vomiting, to reduce stomach and bowel volume content. Further tonthisy combat

sport athletes will reduce dietary fibre intake, reducing bowel faecal bulk and improving
the efficacy of bowel movement trsit (Kasper et al., 2018; Reale et al., 2018%)
investigation byFleming and Costarelli (2007has highlighted that the Taekwondo
athletes within their studgmployed a low fibre diet leading into the firizle days prior

to a competition weigh in. In clinical settings it has been shown that a reduction in total
fibre intake of <10g per day can improve bowel transit and is a safe and effective method
prior to colonoscopyLee et al., 2018; Wu et al., 201Whilst more studies are required

to examine the efficacy of this practice, this appears to be a stark contrast in comparison
to laxatives, which have been demonstrated to reduce exercise capacityrtaed
induce hypertonic hypohydration via hypernatremia when coupled with other dehydration
methodgHolte et al., 2004)

2.7.3. Dietary Sodium/Fluid Manipulatioand Diuretic Use

As highlighted insection 2.63, combatsport athletes in MMA will typically manipulate
osmolality passively via water loading and this has been shown as an effective method of
BM reduction in a laboratory controlled trigiReale et al., 2018bHowever, there have

been Imited studies demonstrating that Taekwondo athletes engage in this practice, with
other common passive dehydration strategies employed to influence osminleliityive

of reductions in dietary sodium/fluid intalendbr use of diureticg¢Barley et al., 2017;

Reale et al., 2018a)
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Fleming and Costarelli (200Mighlighted thathe Taekwondo athletes within their study
employed a transient reduction in dietary sodium int&kehe period leading up to a
competition weigh in. Dietary sodium intake has been highlighted as an important
regulator of endogenou¥BW balance (Maughan & Leiper, 1995; Stanhewicz &
Kenney, 2015and during combined energy restriction and exerndaees et al., 2015)
Typically dietary sodium restriction (<500mg) is employed for the treatment of
individuals with chronic kidney injury and/@ardiovasculahypotensionKrikken et al.,

2009) with a byproduct of this treatment being a reduction in BM via urinary diuresis.
Dietary sodium intake has been shown to have alphralationship with vasopressin
whereas when intakes are reduced, urinary diuresis is incréfasgdducing a reduction

in BM via hypertonic hypbydration (Kjeldsen et al., 1985)This is yet to be studied in

an athletic demographic and the research understanding the mechanisms and
prescriptions of this processeaurgently needed. Despite not being well established in
the literature, a reduction in dietary sodium intake may lead to hyponatretmés
excessive diuresis stimulates the renal feedback loop to upregulate vasopressin beyond
what the system can contidlix et al., 2011; Lee et al., 2014; Sahay & Sahay, 2@hd)

induce hypotonic hyperhydrationviaeadyn ome char acterised as 6cr
(Fox, 2002; Thaler et al., 1998)

Dietary fluid restriction has been characterised as a passive method of BM reduction
within numerous combat sportsvith an investigation byPettersson et al. (2012)
highlighting that Taekwondo athletes reduce fluid intake up to >48 hours prior to a
competition weigh in. Dietary fluid restriction has been shown to elicit significant
reductionsin BM in as little as 37 hours, coupled with increases in sensations of thirst,
headaches and ability to concentré&hirreffs etal., 2004) An increase in osmolality
inducing hypernatremjagenerally accompanies a reduction in dietary fluid intake
manifesting in hypertonic hypohydration. Wever, this would be isotonic if
accompanied by a reduction in dietary sodium and has been mainly highlighted in
hospitalised individuals with restricted access to-solute water sourcegPalevsky et

al., 1996)
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Whilst diuretic use has been highlighted in Taekwondo athletic populations
(Papadopoulou et al., 201 Hformation on prescription and employment is spagsen

their use is illegal in sport. There are a number of differing diuretic typash have
numerous actions including the suppression of vasopressin, excretion of sodium and/or
promotion of diuresis(Cadwallader et al.,, 2010)all of which can cause both
hypernatremia (via hypertonic hypohydration) and hyponatremia (via hypotonic
hyperhydration) in the same manner as dietaoglium restriction i.e. conflicting
up/downregulation of vasopressin in the renal feedback loop system.

2.7.4. ActiveandPassive Perspiration

Hypothalamic thermoregulation is another additional system, which controls endogenous
TBW levels via perspir&in, to manipulate core body temperature based on a number of
environmental and activity based factofdenkinson, 1973) Thermoregulatory
homeostasis is governed between 353.8°C and during an elevation outsidelodse
levels, the hypothalamus stimulates both capillary vasodilation and sweat glands
perspirationin order to dissipate heat and reduce core body tempefaagd-igure B).
Perspiration can beegulated either passively via a heated environment or actively via
exercise, leading to sweat ratesupfto 2L-hr?, whichis why this method is a common
means of reducing endogenod8W for BM loss amongst combat sperand in
particular Taekwondoathletes as describeith section 2.6 (Reale et al., 2017b)
However, unlike renal vasopressin modulation, hypothalamic regulation of core body
temperature doesot control perspiration based on endogend®WV balance so this
method often leads to hypertonic hypohydration and hypernatremia. This can be
congruent with a condition known as hyperthermibereby core temperature increases
beyond what thermoregulatory system can regulate i.e. it absorbs more heat #rman it c
dissipate(Pyne et al., 2014Hyperthermia can also be exacerbated in the instance of
perspired sweat being restricted from evaporatieg with the use of impermeable
clothing, which is also a common technique utilised among Taekwondo afldai8gva
Santos et al., 2016)
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Figure 2.5: Hypothalamic thermoregulation of core body temperature homeostasis
(SourceHimme (2018)

Importantly both passive and active perspiration manifest different physiological
responses during hypothalamic thermoregulation. Passive perspiration can result in
hypovolemia and reduced cardiac stroke volume/output leading to tachycardia and an
increasein core temperaturgMurray, 1996; Sawka et al., 2015)vhereas active

perspiration stimulates these responses to a lesser gkemnman et al., 2016; Savoie et

al., 2015) Additionally, a study byPilch et al. (B14) also identified that passive
perspiration in a | ow h,eluisdsstplysiofbgicalysttaein h e at e d
via heat stress than high humidity owetdé he
However, regardless of which method is utilised, excessive hypertonic hypohydration

induced via perspiratigncan lead to a host of health related issues, sschhase

described in section 27 and inclusive of cardiac arré¢stoey, 1998)
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2.7.5. Assessment of Dehydration and Clasaiion of Hypohydration

The assessment of dehydration can be implemented via a variety of methods inclusive of
invasive and none invasive techniqueslaaracterised ifrigure 26, whichmeasure both

ICW and/or ECW components, respectively.
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Figure 2.6: Assessment measures of dehydration
(SourceCheuvront and Kenefick (2014)

Posmi plasma osmolality; PNa- plasma sodium; Uosiinurine osmolality; Usg urine specific gravity;
Ucol i urine colour; Sosni saliva osmolality; Sflow saliva flow; Tosni tear osmolality; BUN/Cii
urea/creatinine ratio; BIVA bioelectrical impedance analysis; Hchaematocrit;PALDT plasma
aldosteroneNa" - sodium; FEN4 - fractional excretion of sodium; UALDurine aldosterone; IVG

inferior vena cava

The most commonly utilised methods within laboratory and field based setting are
measurements of BM, T8 via BIA, Uosn/sg/col and Rr«/Na". Sawka et al. (2007)
prescribed definitive guidelines for the prescription of dehydration with indicative
markers of hypohydration as demonstratadTable 2.8 However despite this, an
investigation byHew-Butler et al. (2018)measuring hydration dtzs in a large cohort of

collegiate athletes, highlighted that viaskJover 55% of the sample were classified as
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hypohydrated, yet none mnéhis threshold via PNaindices. Agreement between
differing methods specifically examining combat sport ath)dias also shown a wide
ranging variability in comparative measurement valigfgrnande£lias et al., 2014)

with Zubac et al. (2018)ighlighting the difficulty in utilising field based methods of
assessment g within this demographic during unstandardized BM loss periods.
Armstrong et al. (20163uggest a blend of methods is best to assess dehydration, yet no
clinically established criterion index exists. Despite issues in measureameht
established hypohydration values, alarmingly evidence has elucidated that even post

weigh in, after a period of rehydration, many combat sport athletes are not sufficiently

euhydrated on competition déiyallares et al., 2016; Pettersson & Berg, 2014)

Table 2.8 Prescription of dehydration via hypohydration indices

(Source: adapted from Sawka et al. 2007)

MEASUREMENT PRACTICALITY HYPOHYDRATION
MARKER

TBW via BIA Low >2%
Posm Medium >290 mOsmols-kgkD™*
Uosm High >700 mOsmols-kgkD™*
Usg High >1.020 g-mt*
BM High >2%

2.7.6. Effects on Measures obEHormance

There have been numerous reviews and meta analyggdighting the detrimental

effect >2% of dehydration leading to hypohydration can manifest on general cognitive,

strength and endurandeasedperformancemeasuresCheuvront & Kenefick, 2014;
Savoie et al., 2015; Wittbrodt & Millar&tafford, 2018) Specifically within combat

sport athletes, there have been a number of studiestigating the effects of ANRL,

utilising dehydration methods on both general and specific performiaoneverresults

are equivocalPallares et al. (201é)vestigated the effects of differing hydration statuses

(moderately/severely hypohydrated) utilisingssé) in 163 combat sport (wrestling,
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taekwondo, amateur boxing) athletes of bg#xes, post weigh in and found that
propukive upper and lower body power were improved in the hypohydrated groups after
a 17 hour recovery period compared to the euhydrated control dreljig. et al. (2016)

also studied the effées of >5% A/RWL via dehydration in 28 male combat sport
(amateur boxing, judo, taekwondo karate) athletes by assessing aerobic cardiorespiratory
capacity via maximal oxygemptake {¥Ozpeay) at 3 time points (during training camp;2L

days prior to weigh in and in the post competitive period) and found no detrimental
effects on performance in comparison to a control gréupoli et al. (2010c)also
highlighted that the &cts of >5%A/RWL via hypdydration in a group of 7 judoka on a
specific judo related task, manifested no differences compared to a contrglafteup

4 hour recovery period. Conversefmith et al. (2000highlighted how 3% A/RWL
induced by hypbydration dramatically reduced performance in a group of
inexperienced weight cycling amateur boxers in a sport specific task. This observation
was also confirmed in another study of 16 amateur boxekabyand Lane (2001who
examned the effect ofone week >5% A/R/L via hypdiydration and observed
reductions in specific performance and also profile of metates (POMS) with
increased anger, fatigue and tension concomitant to reduced vigour. Finally an
investigation byDegoutte et al. (20063lso examined the effectf >5% A/RWL via
combined energy restriction and hypalration in a group of 20 judoka on a specific judo
simuated competitive bout and found reductions in both performance and POMS in

comparison to a control group.

Interestingly, there has only been one specific investigation in 10 Taekwondo athletes by
Yang et al. (2014)examining the effect of >5% AMNL loss practices on some of the
physical qualities explored isection 2.3and also a sport specific task. This loss was
achieved via a combination of both fasting and dehydrative techniques in a period of 4
days and followed by a 183 hour recovery phase. Howevget againresults were
equivocal given reductions in sport specibierformance, yet improvements in general
performance i.e. CMJ. Further to thigang et al. (2018grlso examined the effec

of >5% A/RWL BM loss practices on theepceptual angbhysiological challenges of an

opponent based simulation bout in fidl@ekwondo athletes. Again the reeoy period
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post BM loss was 16 hours and the authors found no negative effects on specific
performance or physiological parameters in comparison to a control condition. In
conclusion it appears that the method, technique and recovery time period all have a
bearing on specific pasfmance post BM reduction vie/RWL strategies. As the weigh

in and Taekwondo competitive bouts are typically separated by >16 hours, there may be a
reduced detrimental effect given the time period for athletescover This istypically

longer than most laboratory based investigations allelao show detriments in
performanceyet more well controlled studies are certainly negdetoli et al., 2016)
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2.8. General Overview ofChronic Body MassLoss Methods and Psychogical
and Physiological Effects on Health and Performance

Independent offBW, both LM and FM are comprised afaterand also a number of
additional components, that may be assessed via the methods descsbetibm 2.21,
inclusive of BMC, which can also be modulated in density. All of these tissues are
regulated bymetabolic proceses,controlled by various neuroendocrine interactions. In
order to maintain adequate health, it is vital for Taekwondo athletes to compete in the
most appropriate weight category in relation to LM. Generally, the loss of FM to
maintain a reduced FM%s initially regarded as the most efficient way to reduce whole
BM (LanganEvans et al., 2011Yhis reduction in specified tissues can be manifested by
creating an energetic deficit, whereby total energy consumed is ightdeby energy
expended and this can be achieved by either energetic restriction and/or an increase in
energetic expenditure via exercifdorton et al., 2010)The following sections will
serve to examine both of these factors within combat sport and general athletic
populations, alongside any posdiand negative associations they may incur on both

health and performance.

2.8.1. Metabolism During Energetic DefiditA Brief Historical Overview

The study of energetic modulation has been ongoing since the time of the ancient Greeks,
given Aristotle outlind his thoughts on metabolism and recognised that the consumption
of food led to heat being producd@peakman, 2005)Furthermore, Hippocrates
observed those who had less FM were predisposed tdoliger than those who had
greater FM(Schafey 2005)and in the 17 century Santorio Sanctorius noted the eftsfct
which various activities had on BM regulatiggknoyan, 1999)The seminawork of
Antoine Lavoisie, was the first to formally recognise that respiration of oxygen &0d
carbon dioxide (Cg) is the basis of combustion, which could be measured to assesses
energetic metabolism, an idea thatswarthered by Justus Liebig witharacterisethat

it was protein (PRO), carbohydrate (CHO) and fat (FAT) substrateish were utilised
during this procesfDa Poian et al., 2010Additionally, Zuntz and Schumberg their

1901 workStudien zu einer Physiologie des Mars¢hesscribed how combustion was
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modulated by metabolic contributions of either FAT or CHO, an ideology which was
subsequently updated Hyusk (1924)and termed respiratorgxchange ratiqRER).
Finally, the work of Francis Benedict and colleag(snalict et al., 1919jitled Human
Vitality and Efficiency Under Prolonged Restricted Dibtghlighted the effects of
energetic restriction on metabolismhich coincided with the seminal work and creation
of the HarrisBenedict formula for the calculatioof resting metabolicate (RMR)
(Harris & Benedict, 1918)

Initial studies on the effects of energetastriction and/or expenditure began in the late
19"century and were mainly case study report :
of the most irdepth case study reports on professional fastvgye conducted by
Francis Benedict in 1907 and 191Wijth the later giving a full psychogical and
physiological assessment of the effects on the partici{@artedict et al., 1915}t was

not until the middle of the 2Dc ent ur y i ,nhattalarematkStdy dysAncel
Keys and colleagues, which became characterised asMihaesota Starvation
Experimentdescribed in detail the psydbgical andphysiological responses in a cohort

of male participants who undertook a consistent energetic tdef@r a 6 month
intervention prior toa3 month pre control and post refeeding peri@€sys et al., 1950)

From this outstanding work the foundation of what we now know in regard to energetic
deficiency was formed and the findings of this study still inform research and practice to

the present day.

2.8.2. Energetic Restriction and Measurement of Enerdatake

Similarly to the hypothalamic control of the renal feedback loop and thermoregulation,
energetic homeostasis is modulated via a balance between intake and expenditure
regulated via the hypothalamus and neuroendocrine tissue/hormonal inteligcie &s
highlighted in Figure 27 (Blundell et al., 2012; Farr et al., 2016Jhe metabolic
interactions that occur during energetic restriction are complex and rarely oc
independently of expenditure (which is discussedection 2.8), however this section

will focus solely on the mechanisms of restriction.
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Figure 2.7: Hypothalamic regulation of energetic homeostasis
(SourceBlundell et al. (2012)

Figure 28 highlightsthe body composition and endogenous substrate fadhahility of

a 70kg male. If this individual had fed on axed meal composition and comprised of

15 kg of FM prior to energetic restrictipthey would have 165,90Kcal in storage and

113 kcal in constant circulatiofCahill, 1976) The utilisation of these exogenous fuel
stores is regulated by both the time period of energetic restriction, energetic expenditure

and the modulation of neuroendocrine factors as highlightEdyure 29.
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Total body
metabolic fuel

Total Body 23.3 grams of circulating nutrients: 113 kcal
Composition } 759 hepatic glycogen: 300 kcal
100
Vater: 60% 150g muscle glycogen: 600 kcal
W—=% =
% | 6kg protein: 24,000 kcal Circulating fuel

7 () | ! |
15kg fat: 141,000 kcal
& 20g glucose: 80 kcal
Total solids = 40% 3g triglycerides: 30 kcal
Total Fluid =60%
= 0.3g free fatty acids: 3 kcal

In total: in storage there is 165,900 kcal; in circulation there is 113kcal.

Figure 2.8: Fuel composition of a Normaan
(Source:Yartsev (2018pdapted from Cahill, 1976)

In the initial phase of energetic restriction, a fasting responsespaduwgreby in the post
absorptive period (8 hours dependent on composition and amount), the nutrients
generated by the subsequent meal are absorbed in the small infestiughan et al.,
2010) At the secondary phase a cascade of neuroendocrine interactionsabegouit

(as highlighted inTable 29), upregulatingboth glycogenolysis and lipolysis to utilise
endogenously stored substrates via glycolysis and beta oxidation, which are also
modulated via energetic expenditseesection 2.8). Erhancemendfc at ec hol ami ne 6
also upregulategluconeogenic pathways, in particular via proteolysis, which occurs at
around 75g-day* (Cahill, 1976) Additionally, the regulation of appetite via both leptin

and ghrelin beginswhilst also supporting the interaction of other thyroid controlled
hornones(Nymo et al., 18)
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Figure 2.9: Exogenous/endogenous substrfatd utilisation in the post absorptive,
fasted and semi starved state.
(Source: Cahill, 2006)

In prolonged periods of energetic restriction lasting beyond 48 hours, when glycogen and
glucose stores have been depleted, gluconeogenesis predominanthyegprimad via
hepatic and renal regulation of both glucose and ket@esill, 2006) It is at this stage
a reductionin RER and a condition known as adaptive thermogen@si§ begins to

occur (discussed furthen section 2.&). Evidencefrom Steinhauseet al. (2018)has
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also characterised circulating metabolomes during a 10 day period of complete energetic
restriction in healthy males and highlighted that hypoleptinemia contributes largely to the

shift from glucose to lipid fatty acid metabolism.

Table 2.9 Endocrineresponse to energetic restriction
(Source: adapted froffinn and Dice (2006)

HORMONE REGULATION DURING EFFECT ON TISSUES
ENERGETIC RESTRICTION

Insulin Decreased ybl ood glucose v
proteol ysi steogehesip

Glucagon Increased ¥y gl y c o g gliconkogenasis ,
GH Increased ylipolysis

IGF-1 Decreased Zproteogenesis §
Testosterone Decreased Zproteogenesis §
Glucortocoids Increased v, proteolysi s,

gluconeogenesis

Tsand Ta Decreased ZRMR r educ ilipplgsisn e

and proteolysis

Leptin Decreased ZEnergetic expen
hor mone producti

glucose homeostasis

Ghrelin Increased YyAppetite, grgwthi po
hormone (GH)

There is a wide body of research demonstrating a number of positive associations with
energetic restriction in the absence of undernutrigMost et al., 2017)There have been

a number of studies highlighting the positive associations of energetic restriction on
prolonging the lifespan of varying mammalian and -nmammalian species
(Balasubramanian et al., 201#)clusive of humangRavussin et al., 2015Additionally

the Biosphere 2 st ueticidated amiimber bf eddigoaal heglth 1 9 9 0 6 «
benefits, when the study parpants were forced into an unanticipated EI reduction of

30%, inclusive of adequate PRO and dietary fibre, yet low in FAT. There were associated
improvements in cardiovascular health via reductions in blood pressure, cholesterol and

triglycerides(Walford et al., 1992)maintenance of endocrine hormones within reference
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ranges, whilst undergoingignificant energetic expenditures and with no effect on
psychological healttfwalford et al., 2002)Additionally it also appears that energetic
restriction may provide aotent stimulus to enhance cardiorespiratory performance via
increases in mitochondrial biogenesis, albeit in a rodent nib@ebsi et al., 2018)

Despite these enhancements, it remains to be seen that energetic restriction with
undernutrition can cause ange of health and performance related issues. Firstly it is
important to understand how undernutritioréfined with Shetty (2006)escribing this
as;0an inadequate intake of dietary energy,
nutrientis allimm t i n g A6 described @arlier, the seminal work of Menesota
Starvation Experimertlassified how a reduction of El by 40% ovarexiod of 6 months
resulted in remarkable negative impacts on both ps$ggiual andphysiological health

and performance. However, it should be noted that the diet utilised in this study was
incredibly low in key macronutrients (PRO <@8A k g*@®ay!) concomitant with low
intakes of fruits and vegetables. This also raises the point of what El value and
maao/micronutrient composition represents the critical threshold of undernutrition? One
proposed hypothesis is that if the energetic restriction represents an El providing the
requirement of at least resting metabolic rate (describsection 2.83), this will result

in a homeostatic balance via utilisation of endogenous stores independent of
undernutrition associated issugStiegler & Cunliffe, 2006) This ideology has been
tested in a number of athletic investigations inclusivenakingweight sports(Morton et

al., 2010; Wilson et al., 2012; Wilson et al., 2046}l appears to holduie when exercise

energy expenditures are not too excessive.

The measurement of energetic restriction negpuia valid, accurate and reliable
assessment of El, which is often regarded as one of the most difficult areas of sport and
exercise science due to the variability in methods, the potential for error, participant
engagement and researcher anal{idackett, 2009) A number of systematic reviews
(Capling et al., 2017; Poslusna et al., 2008yhlight a large variability with frequent
exhibition of over and nderreporting between established methsdsh as food diaries

and 24 hour dietary recallvhilst (Basiotis et al., 1987)eport the large timescales
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required to gain defined confidence employing these methods in both individual and
group ElI measurement. Another study has shown the potential of electronic dietary intake
assessmentmethodssucha s &M% a@ampd 6, which may aid in
research is needed to validate this method with a number of athletic popul@ostlio

et al., 2017) There is a paucity of research examining El in combat sport athletes
particularly duringenergy restriction.Boisseau et al. (2005highlighted significant
reductions in EI(2076 + 206- 1666 + 156k ¢ a |"YAahc keymacro/micronutrients
across a threaveek measurement periodasper et al. (2018jemonstrated a phased
reduction in El (1904000k ¢ a I"YAid a groéssional MMA athlete across an eight
week measurement perioddditionally, the ElI of Taekwondo athletes in general is
sparseThree studies have examined EIl during energetic bal@itoe 2014; Cho et al.,
2013; Rossi et al., 2009)ith only two studies during energetic restriction and all
confined to FD assessments. Béteming and Costarelli (200@ndPapadopoulou et al.
(2017) showed reductions in El (388%) via energetic restriction in their pestive

cohorts of athletesesulting in significant depletion of key macro and micronutrients.
2.8.3. Energetic Expenditure and Measurement within Taekwondo Activities
As described in section 2Banotheikey regulator of metabolic homeostasis is energetic

expenditure (EE) which comprises of RMR (divided into sleeping and awake cycle

components), neexercise activity thermogenesis (NEAT), diet induced thermogenesis

(DITTal so termed the thermic effect of food

(AEE) ard excess post oxygen consumption (EPO@avussin et al., 1986)
Collectively, all of these total energy expenditure (TEE) componesdsire the
liberation of energy from exogenous and endogenous stored subsiraieder to fuel

their respective primarfunctions. RMR #lso coinedbasal metabolisi is the energy
required to maintain cellular, organ and central nervous system homeostasis, which
contributes the largest portion of overall TEE at approximately®® (Carpenter et al.,
1995) and is dependent upon numerous factors inclusiveerfage, ethnicity and the
respiration rates of specific tissues and orgdsClave & Snider, 2001)DIT is the

process required to combust exogenous substrates via digestigpiiabs@and also
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endogenous storagQuatela et al., 2016Fach nutritional substrate has an individual
DIT contribution requiring 5% for FAT, 510% for CHO and 2@0% for PRO
(Westerterp, 2004)which generally equates to 10% of a mixed meal cortipns
extended across a 6 hour post prandial petiReed & Hill, 1996) Ethanol induced
thermogenesis (EIT) alsmontributes 1630% of ingested alcohol substrguter et al.,

1994) NEAT, AEE and EPOC are the most variable components of TEE given they are
modulated by the energy required to conduct muscular contraction, respieatd
cardiovascular function for postural kinaesthesia, proprioceptive locomotion and to resist
external forcefRavussin et al., 1986Addi t i onal | vy, t he AEEr ue Onet
(exercise energy expendituie EEE) should be calculated by subtracting the other
components of TEE, inclusive of RMR and NEAT during the period of exercise activity
(Fagerberg, 2018Many studies often neglect to take this into consideration and utilise
calcul ations of 6gross6 AEE wdost ofhspeciiay over
exercise activities and confound other calculation i.e. energy availability and within daily
energy balance (addressedsection 2.81) (Loucks, 2@4). A final consideration is also

the manipulation of TEE and AEE substrate utilisation via both exercise and dietary
modulation. Classical research has highlighted that FAT and CHO utilisation has a
reciprocal relationship with both exercise durationl intensitRomijn et al., 1993; van

Loon et al., 2001)Additionally, numerous research investigations have demonstrated
commencing exercise with varying levels of exogenous and also endogenous substrate
can have pronounced effects on both exerngs®yle et al., 198; Horowitz et al., 1997;

Vieira et al., 2016and daily(lwayama et al., 2017; Iwayama et al., 2015; Robinson et
al.,, 2015; Wallis & Gonzalez, 2018jubstrate oxidatian This is an important
consideration for combat sport athletes in particular for the modulation of specific tissue
losses akighlighted in section 2.8ndin tandem with energetic restriction i.e. fasting as

highlighted in section 2.2.

As further desdbed in section 2.8, all of these respective TEE components produce
heat via combustion during respiration, resulting in both aerobic and anaerobic metabolic
processes. The measurement of TEE and individual components, can be achieved via a

number of metods, all of which differ in practicalifyvalidity, accuracy and reliability
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and can be divided into calorimetric (direct and indirect) or-cedorimetric based
techniquegLevine, 2005) The criterion method, which can measure all the components
of TEE simultaneously/individually and across extended time periods is direct
calorimetry Direct calorimetryworks on the principle of measuring both heat exchange
and respiration within an enclosed chamber, however, the cost of this technique
(>£1,000,000) and also the restrictions of normal daily living/training actiyiiies to

the confined space within thealorimeter, donot make this method conducive for
effective use in athletic populatiofisenny et al., 2017)Secondary talirect calorimetry
doubly labelledwater (DLW) is a noncalorimetric technique, which requires the
ingestion ofwater H20), where the H and O einents have been labelled with giable
non-radioactive isotopeeuterium (RO'®). The method then analyses the rate s®B
elimination in urine, inorder to assess GOproduction and calculate energetic
expenditure(Westerterp, 2017)Again, whilst this method provides a high degree of
validity, accuracyand reliabilityof measurement, nly providesTEE during anentire
measured time period i.e. days/weeks so cannot be utilised to assess individual
componentgLevine, 2005)

Indirectcalorimetrycalculate€EE on the principle of combustion through inspiration and
expiration of Q/COg, via an open circuit metabolic system, which can be equipped with a
canopy hood or face mask for measurement of RMR, D/EIT,/BEE and EPOC,
respedwely (Schoffelen & Plasqui, 2018)ndirect calorimetryis the most widely used
method of EE measurememiven that metabolic cart units are relatively cost efficient
(£10,00050,000) and can be used for a host of activitte®issesAEE, inclusive of
portable based systems in the fie({lacFarlane, 2017) Following bdh direct
calorimetryand DLW, indirect calorimetryis regarded as the criterion method for the
assessment of AEEEE (Ndahimana & Kim, 2017)However, one major drawback of
this method is that it iselies solely on measurements of aerobic metabolism and ignores
the contributions of anaerobic metabolidfanissaet al., 2018)which can often result in
underestimation as anaerobic metabolic responses may quantify a significant portion of
AEE/EEE measurement, pcularly in intermittent exercisgsScott, 2005)
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Neitherdirect calorimetryor DLW have ever beeutilised within a Taekwondo athletic
demographicwith most TEE and/or AEE measurements besxgmined via indirect
calorimetry The first study to assess AEE in Taekwondo based activities within a 20
minute dynamic session, employed pbkegndirect calorimetryand thekcal equivalent

of 5 kcal-LQ%, which exhibitedgrossAEE calculations of 14.3 + 1&al-min' (286.5 +
35.6kcal) and 10.1 + 2.@cal-mir* (201.6 + 39.1kcal) in advanced practitioner males

and females, respective(foskovic et al., 2002)A number of laboratory based studies
have also investigated AEIG simulated protocols of Taekwondo bouts, with methods
employed to consider both the aerobic and anaerobic metabolic components. This is
achieved via the inclusion of anaerobic ATP/PCr (measured by the fast component of
EPOC via bi or monoexponential stue met hod) and glycolytic (¢
change between time periods) contributions, whereas aerobic contributions are calculated
by subtracting resting drom exercise @values and calculating the area under the curve
via the trapezoidal methddrtioli et al., 2012) Utilising opponent based simulated bouts

(as highlightedn section 2.43), Campos et al. (2012); Lop&ilva et al. (2018); Lopes

Silva et al. (2015penerated complete AEE values ranging fror38kcal in round 1,

3944 kcal in round 2 and 4@9 kcal in round 3resulting in 116131 kcal across an
entire bout. Wiilst all of these studies provide useful data on the AEE demands during
specific Taekwondo based activitighey are not availabléor use without specialist
expertise or equipment and also the ecological wplidsues raised in section 234
Additionally, due to the participant needing to wearindirect calorimeteithese studies

only include AEE calculations of nesontact based simulated bguighich is an inherent
competitie element of the sport.fflarts to solve this problem have been made by
creating a portablendirect calorimetrysystem embedded into protective Taekwondo
headgear(Hausen et al.,, 2017however the additional massarriage may further

confound the accuracy of the AEE measureni®parks et al., 2013)

The useof portable actigraphyas another norcalorimetric method, is becoming
increasingly popular when examining AEE in a host of free living and physical activities
(Shephard & Aoyagi, 2012Portableactigraphywith integrated HR and accelerometry

units have been highlighted as the most accurate in conjunction with the aforementioned
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criterion methods(O'Driscoll et al., 2018)making this ideal for use with athletic
populations. A limited number of studies have utilised this tdolgiyavith a Taekwondo
athletic demographic for TEE, NEAT and AEE estimatif@®so, 2014; Cho et al., 2013)
However, theportable actigraptused in these studies was a hip worn accelerometer
which does not take into account whole body movdseior has this device been
successfully validated against either DLWindirect calorimetry(Brazeau et al., 2014;
Correa et al., 2016; Dannecker et al., 2013; Johnson et al.,. 205 lear thatmore
practical methosl which are valid, accurate and reliable are required for the
measurement of AEE in Taekwondo and combat sport populations. This becomes
increasingly important when the consistent examination of both energetic intake and
expenditure are needed to assess the potential to create an energeticoddtisg bf
specified BM tissues. The following section will examine methexizlored in section

2.8.2 and thosewvithin this section, which can highlight energetic balance and how this
can be utilised to consider subsequent health and performance conssqoiemaking

weight.

2.8.4. Energy Availabilityand Within Daily Energy Balance

A holistic 24 hour view of energy intake and expendit(&B), is typically utilised to

examine energetic homeostasis. However, to assess a wiojge 8f the interplay

between energetic intalkend expenditure a number obncepts have arisen in order to

give a more gl obal vi ew of, Ldudcks and @alistea d i g m.
(1993) proposeda new ideology classified as energwvailability (EA), which is

calculated astl i EEE/FFM. This was defined to examine the relationship between El

and EEE where either factor maybe increased/decreased and can define specific
thresholds of EA.Loucks (2004)and Loucks et al. (2011)proposed the following
thresholds based on a serief laboratory controlled trials, albeit predominantly in

females:
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A >45kcal-kg-FFM-day equals energy balance and is recommended to maintain
adequate energy for all physiological functions i.e. energetic homeostasis

A 30-45kcal-kg-FFM-day is suggested as a tolerable range for athletes aiming
for BM loss as part of a constructed dietary and exercise intervention over a
defined time period

A <30kcal-kg-FFM-day is classified as low energy availability (LEA)d

suggests an unsafe energy leveldptimal bodily function, which may lead to

unfavourable health outcomes and sports performance

(Adapted fromLogue et al. (2018)

In the case of LEA, this is postulated to lead to symptoms of TRIAD and/orRBoth

of which are discussed in depth section 2.8&. Howevey despite the wider scope of
assessment beyond holistic EBgasurement of EA status requires precise measurements
of FFM, El and EEE (as described in the previous sectiomgyder for prescription to

be accurate and this is often fraught with complica(Barke et al., 2018b; Loucks,
2014) An additionalideology (see Figure 2() characterisecs Within Daily Energy
Balance(WDEB) wascreated to assess the total daily 24 hour fluctuatishgch take

into account the endocrine interactions on energy homeogBesimrdot, 2013)The
method also examines perturbations in anabolic (>400kcal), catabolic (<400kcal) or
balanced (<40G >400kcal) hour by hour ie phasesto categorise the interactions
between El and EEE throughout a measurement pérardtveit et al. (2018)roposed a
WDEB method which considersboth EI and TEE across a complete 24 hour by hour
period and is cumulatively added to subsequent measurement periods i.e. each day to day.
Themethod(as describeth section 7.2%) utilisesEEE, NEAT, RMREPOC and E/DIT
estimations to calculate total energy expenditure (TEE) and in conjunction with EI
calculate WDEB.
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Figure 2.10: (A.) WDEB view of 24 hour by hour energy balance inclusive of
time/magnitudes of deficit and/or surplus energy stéBJsWDEB anabolic, catabolic
and balanced fluctuations
(SourceBernadot, 2013)

2.8.5. Health and Performance Effects of Energetic Deficiency:tRel&nergy
Deficiency in SportfRED-S)

Si nce t htee effe®Bdi prelonged energetic deficit were recognised to have
detrimental effects, particularly in females and in 1992 was characterised as the Female
Athlete Triad (TRIAD) at an American College of Sports Medicine (ASCM) annual
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meeting(Yeager et al.,, 1993)n 2014 an IOC position stand classified a new concept
known as Relative Energy Deficiency in Sports (REDPwith a model inclusive of
additional health and performance related factors, that also included the effects of
energetic deficit to include botexe (Mountjoy et al., 2014)In the same year a large
group of authors who supported the TRIAD model, published an article reRIEDgS

(De Souza et al., 2014¥hich was rebutted in the following ye@ountjoy etal., 2015)

In 2018, the REES model received an update to include a wider breadth of research
examining the syndrome amés becomsynonymously accepted as the way to examine

the health and performance consequences of LEA in atliltaemtjoy et al., 208).

RED-S is classified by 10 healind performance related consequenassighlighted in
Figure 2.1. However despite the ideology of the model, many of the areas have limited
research supportingany proposed outcomes in particular cardiovascular and
gastrointestinafactors. Additionally, there is still a paucity of research examining the
effects of LEA on EED-S in male populations arnghrticulaty in combat sport athletes.
Burke et al. (2018agcknowledge that given the aforementioned practices of combat
sport athletes, they may be highly susceptible to fE&hd mee research is warranted.

The only study which has examined energy deficiency in a combat sgrose was a

case study investigatiprhighlighting the health and performance consequence in a
professionalmale MMA athlete over an eigtee k O phasedd competiti v
period (Kasper et al.,, 2018)No study has ever examined REDsyndromes in a
Taekwondo population and given the practices employed by this demographic as
highlighted insection 2.6, theremay certainly be a precedent for LEA leading to RED

S and an investigation into this is certainly warranted.
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B.
Figure 2.11: The health (A.) and performance (B.) consequences of RED
*Psychological consequences can either pre&dla-S or be theesult of REDS
(SourceMountjoy et al, 2018).
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Reductions in LM: A typical symptom of REES may be a reduction in BM and in
particular LM. Despite the raft of aforementioned studies examining body composition of
Taekwondo athleteim section 2.21, thereare few which have examined changes in this
tissue during prolonged periods of energetic deficit. Howevaterpretation of LM
changes in combat sport athletes (particularly grappling disciplirld®uld be
considered with caution giverductions in LM may be artefacts of dehydration within
LM tissue compartments i.e. when pre standardisatiomoisconsidered (see section
2.21). Kukidome et al. (2008gxaminedmakingweight practicesn wrestlers across a 1
month competitive period and found no changes in body composition measured by
magnetic resonance imaging (MRI) until 1 week prior to weighnrthis periodthere

were significant reductions in BM (<5.4 kg) and LM (&¥g) as result of a loss in VB
(-5.9%) and independent of a 21% reduction in El. This was also confirm8dviayet

al. (2010)in a cohort of judo athletes, where total reductions of BM-286) were
achieved via losses in W8 via ICW, independent of reductions in body composition
tissues measured via DXA. A conclusive studykmondo et al. (2018)highlighted in a
cohort of wrestlers that a 6.4% decrease in BM resulted in a significant loss of LM as
measured byhree and foucompartmental DXA/DLW methods, but this could mainly be
attiibuted to a 71% reduction in W8 from baseline. Despite a sigiti&int decrease in El

and energy density, the authors concluded that the extreme energetic restriction employed
by many combat sport athletes in the acute phase of BM reduction is redugidamt

that losses of FM are generally minimal.

Despite this,chronic periods of energetic deficiency can result in losses of LM via
reductions in contractile protein synthesis and increases in degradsditionlated via
proteolysis.Morton et al. (2010fescribed in a case study intervention undertdke a
professional boxer, losses of 4.5 kg LM measured via DXA whilst maintaining an El
equivalent to RMR. Studies byindl et al. (1997andFriedl et al. (200Q)highlightedin
cohorts of US Army Rangers across eighek training periods, that a decrease in El
below RMR (eliciting an eneggdeficit of <1000kcal/day for fountermittent 710 day
periods), resulted iremarkable losses of both BM (<8 kg) and LM (kg) measured via

DXA. However, it should also be noted that all the studies described so far incorporated
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El that were reduced in dietary PRO content. Given that there is subseuidizthce
highlighting that an intake of >g-kg-BM™ can reduce losses of LM during energetic
deficit (Areta et al., 2014; Longland et al., 1B) Mettler et al., 2010; Pasiakos et al.,
2013) this may be a useful tool in combating the associated losses of LM duringgRED
This intervention has been employiednakingweightathletes from both combats sport
(Kasper et al., 201&ndhorse racingWilson etal., 2015) who coupled higher dietary
PRO intakes with resistance exercise. HoweMartin-Rincon et al. (2018jalbat in an
obese cohort during a limited time period) suggests that during extreme energetic deficit,
higher PRO intakes doot enhance contractile protein synthetic responses, which is due
in part to neuroendocrine interactions, with the associated enaimte of LM attributed

to mechanical stimulus of contractile muscle adi(@albet et al., 2017)However, a
systematic review byHelms et al. (2014)suggests that any increase in energetic
restriction must be met reciprocally higher dietary PRO intakes, and this is supported

in an investigation conducted biector et al. (2018)

Neuroendocrine disturbance: One key indicator of REES is a disturbance in
neuroendocrine regulation, exhibiting values outside of normal reference raeges
Figure2.12) In bothsexes, LEA generally has a negative effect on El related hormones
(adipokines, ghrelin), insulin, growtlhormone (GH), insulidike growth factor (IGF1),
thyroid hormones (trilodothyronineTz and thyroxine T4) andcatecholamines (cortisol)
(Elliott-Sale et al., 20185exspecific responses are seen on the hypothaigitigtaryi
gonadal axis, which is regulated by oestrogen in females and testosterone infanales
control of reproductive and immune functions, with LEA generally resulting in
hypogonadism(Tenforde et al., 2016)The contribution of endocrine interaction on
amenorrhea during TRIAD in females is well character{&akdon et al., 2017)yet in
males this is lagely not understood in contributing to RE® (Burke et al.,, 2018a)
Muller et al. (2015)highlighted significant reductions in thyroid, gonadal, insulin and
leptin hormones in an LEA period of 3 weeks concomitant with reductions in BMg)<6
and LM (<55%).Nindl et al. (1997)and Friedl et al. (200Q) aso demonstrated
pronounced effects on gonadal and thyroid endecmarkers after a prolonged eight

week period of energetic deficit, again coupled by substantial losses of both BM and LM.
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In combat sport athletes a number of studies have examiniedigperf energetic deficit,
albeit in shortened timeframeBegoutte et al. (2006highlighted a reduction in both
testosteroneral insulin in only 1 week of A/R/L, induced by engetic deficit amongst

a group ofjudoka vs. controls who remained stable at baseline le$#lauss et al.
(1985) showed significant reductions in testosterone in a group of wrestlers across a
competitive season, with gater reductions associated with decreases of both BM and
FM. In another study of wrestetsarila et al. (2008highlighted that a 3 week period of
energy deficit induced significant effects on gonadal hormonék large changes in
testosterone (<63%), luteinizing hormeo (LH) (<54%) and sex hormone binding
globulin (SHBG) (>406). One of the most compelling investigations to examine
endocrine interactions during energy deficit in a combat sport case study report was the
aforementioned study igasper et al. (2018Across a prolonged ped of eightweeks

there were significant alterations to gonadal hormones with testosterone falling to a low
of 1.4 nmol-L%, well outside normal reference ranges. To date no investigation has ever

examined the neuroendocrine interaction of RE Taekwondo athletes.

Metabolic homeostasisimbalance Another key indicator of REES is the effect on
metabolic rate, whereby RMR decreases concomitantly to reductions in energetic deficit
and LM (Grande et al., 1958However, an additional RMR suppression terraddptive
thermogenesigAT), may alsooccur via a lowering of the metabolic respiration of
specific body tissues, independent of proteolytic reductmnkM (Muller & Bosy-
Westphal, 2013; Rosenbaum & Leibel, 20H0)d parallel to decreases in homeostatic
temperaturgMuller et al., 2015) Utilising assessments of measured RMR (RMR

and predicted RMR (RM§J, a ratio of RMR (RMRuio) suppressioran be calculated

by subtracting these vadg i.e. RMRutio = RMRmeasi RMRpred t0 €xamine instances of
AT. Both Staal et al. (2018ndTorstveit et al. (2018)ndicate an RMR:io of <0.90 can

be employed to define instances of metabolic suppressiditating potential energy
deficiency. However caution must be taken in the consideration of which predictive
equation is utilised, given the potential for significant underestimairo athletic

populationgJagim et al., 2018)
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Figure 2.12: Energy deficiency interaction on endocrine system regulation of®ED
health consequences
(Source(Keay, 2017)

Instances ofAT have been well characterised in the literature most notably in the
Minnesota Starvation Experimenthereby there was a 39% reduction in RMRwhich

35% was equated to A(Keys et al., 1950)A repeat of this study design duller et al.
(2015)also showed similar trend in a gtushorter time period of only threeeks with
substantial RMR suppression of which 48% was attributed to AT. However, the
assessment of suppressed RMR in combat sport athletes is lwittedo investigations

in Taekwondo and the majority of studies on wrestling athletes showing equivocal results
(Schmidt et al., 1993; Steen et al., 198&sper et al. (2018highlighted reductions in

RMR across an eightveek training period, wbh only became pronounced when the
athlete adjusted to an EI beldkat ofRMR in the fourth week of assessment
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Immunological deficit: The effects of energy deficiency on immunity within athletic
populations is not every well understood, with a pguaf research examining this area
(Mountjoy et al., 2018) However it is well established that energy deficiency, in
particular reduced Elcan downregulate immune respong®itz & Gardner, 2006;
Walsh, 2018Vyia the hypothalamipituitary-adrenal axiswhich is mediated by a number

of stressors. Increases in energy deficiency can be a potenbistoesshis system,
releasing a cascade of neuroendocrine hormdhesbydampeimg immune function,

with the psychological stresses of reduced El also possibly playing a role in this paradigm
(Edwards et al., 2018)n combat sportsimmunity during energetic deficit has been
studied predominantly in judoka with increasesni pro inflammatory cytokines
(Abedelmalek et al., 2015immunoglobulins(Umeda et al., 2004and neutrophil
phagocytic activity(Kowatari et al., 2001)across periods of-Z0 days.Tsai et al.
(2011a); Tsai et al. (2011kyxamined 1016 male ad female Taekwondo athletes
undergoing energetic deficits across7 4week training periods and noted this
dramatically reduced markers of both salivary and mucosal immunity and with increases

in the reported incidences of upper respiratory frdettiors.

Bone turnover disturbance: It is widely accepted that energy deficiency via LEA has
pronounced negative effects on rates of bone turnover, particularly females diagnosed

with TRIAD (Mountjoy et al., 2018)The measurement of bone health is commonly
examined via DXA BMC/D assessmentwever, there is debate about the effectiveness

of t his met hod to evaluate both o6twoued BMC
dimensionaimage and bases both BMC/D on barearather than volume, the method

can only account for approximately 60% of the actual changes in bone tissues over
repeated timescal¢Seeman, 1998Dn t hi s basi s, bonrcarbokyur nover
terminal crosdinked tebpeptide- b-Ctx, total procollagen type 1-drminal propeptide
P1NP)provide a much better view of the acute metabolic interaction on the modulation

of bone structureSomestudies conducted on actively trained individuals have shown a
supressed P1NB/Ctx ratio, in favour of bone reabsorption during acute periods of LEA

and energetic deficit in botbexes (Papageorgiou et al., 2017; rdeer & Swaine, 2000)

although results in male populations are equivocal. However, a revié¥apmggeorgiou
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et al. (2018)states that the majority of studies highlighting potential boneovem
reduction, have been completed on athletic groups with minisiglogenic stimulus,
which may offset the potential for bone formation. Whilst there are limited studies in
combat sports (and none in Taekwondo athletes) on the effects of energy deficiency via
LEA on bone turnover, it appears that the mechanical loaghkhgited in the various
grappling and striking disciplinemay provide a potent osteogenic stimyluwdich may

offset any negative effects in both adolescent and adult atli@i@mscioni et al., 2017;

Nasri et al., 2015; Prouteau et al., 2006)

Perceptual and psychologicakffects on health and performancefFinally, there have

been a number o$tudies conducted in combat sports demonstrating geaods of
energetic deficit have a detrimental effect merceptual and psychologicalarkers of

health and performance, which is key indicator of REDA study byHall and Lane
(2001)on amateur boxers, highlighted reductions in performance on a simulated boxing
related task coupled with a decrease in psychological POMS. This has also been
replicated inudoka(Degoutte et al., 2006; Filaire et al., 2001; Koral & Dosseville, 2009)
and Wrestling(Horswill et al., 1990; Webster et al., 199@)here the impact of energy
deficiency in both acute and chronic time periods was assessed and found to have a
negative effect on a number of physiological performance, simulated tasks/protocols and
POMS markers. This hakd to studies conducted in combat sports assessing the
differences btween chronic/gradual andRRWL on a range of health and performance
based markers. A study Hogelholm et al. (1993highlighted no differences between
acute and chronimakingweightmethods on a range of performance tests in a group of
grappling athletes. Conversely to thisang et al. (20143lemonstrated in eandomised
crossover studyimproved rceptual angbhysiological performance betweergedual
reduction in BM across fouweeks vsA/RWL achieved in foudays in a group of elite

level Taekwondo athletes. Given the conteksection 2.6/, thismakes senseivgn the
inherent practices of these two athlete groups.
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To summarise, thesychologicaland physiologicalregulation of chronic BM loss
methods are both extremely diverse and complex. The measurement of these factors
needs to be cafully considered, in order to accurately assess and diagnose the potential
for LEA leading to REBS consequences, which in turn can cause substantial health and
performance effects. The final section of this review will now examine the effects of

recovey from energy deficit before summarising the literature review key findings.
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2.9. Recovery from Energy Deficiency:The Potential for Rebound Hyperphagia

The first investigations to characterise the recovery from energetic gdebcé examined

in case studi es oBenedig, rl27padis a cohod duing fseans t e r s
starvation (Benedict et al., 1919)Both of these studies highlighted a considerable
6overshootd of BM ,bas the padicipbnts seetérad rmeperiodaol u e s
insatiable feeding. The landmakkinnesota Starvation Experimeby Keys et al. (1950)

was the first to examine this process in detail. After a 24 week energy deficit period
(where body mass was reducky 25% via a 40% decrease in El), the [&iticipants

were divided into fougroups and completed an El restricted recovery phase of 12 weeks

on either an additional 400, 800, 1200 or 160@ a |lAwitha additional PRO and

vitamin supplementation. Indepeéent of which condition, in the following unrestricted
recovery phase all participants exhibited exponential increases in El causing considerable
anthropometric ciinges in BM, which was elevatday over 10% above baseline
concomitant with substantial ga in FM. Alarmingly one participant even consumed

11,500 kcal in one day and still expressed being hungry. Keys described this
phenomenon agspost starvation obesily which is now characterised as rebound

hyperphagia i.e. an increase in hunger and @pgBulloo et al.,2015)

Rebound hyperphagia has bedso beerexhibited in shorter timegperiods, withstudies

on US Army Rangers biXindl et al. (1997)and Fried| et al. (2000highlighting after
eightweeks of energy deficit inducing2% reductions in BM, there was a considerable
rebound hyperphagic response in all participants leading to an increase in Bi®wof 3
and fat overshoot by 460% above badine. The psychdogical and physiological
regulation of hyperphagia is complex and mediated by the same hypothalamic
neuroendocrine axis agescribed in section 28 Additionally, Dulloo et al. (2015)
hypothesises that rebound hyperphagia associated FM overshoot magtimdled by
adipostat and proteinstat regulation, yet this still requires further proof of concept in
humans. Given control of energetic metabolism during deficit and excess has been
consistently debated for a numbetheoriesfon year s \
BM regulation(MacLean et al.2011; Muller et al., 2010; Speakman et al., 201Hgre
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must be a wider corderation that metabolic regulation can also be mediated via
psychosocial(Polivy & Herman, 1985) modulationof AEE (Westerterp, 2013and
individual response@/Neyer et al., 2000 variability in metabolomi¢Sato et al., 2018;
Strohacker et al., 2014nd geneti¢Heinitz et al., 2018Jactors. On this basis, gaining a

clear understanding of the regulation of this phenomenon is still in its infancy.

To date no study has examined rebound hyperphagi@hiorts ofcombat sport athletes

yet it is recognised that this may be a potential issue given the cultorakofg weight
practices and cyclingBurke et al., 2018a; Montani et al., 2018gasper et al. (2018)
observed a rebound hyperphagic responsepiofessionaMMA athlete post twaveeks
competitive period, where body mass was 4% above baseline, yet this timeframe was not
long enough to observe substantial increases in FM. It has also been highlighted in a
longitudinal study bySaarni et al. (2006@xamining differences between weight cyclers
and ron-cyclers across 20 years, where BMI was considerably higheidalie age in

those who participated imaking weight sports compared to other neweight making
athletes. Additionally, there are a number of associated fluctuations in blood pressure,
HR, sympathetic activity, blood glucose, lipids and insulinictvltan lead to a plethora

of cardiometabolic health risK#lontani et al. 2015) Finally, the consistent cycling of

BM can lead to a number of associated psychological isgugasive of body image
dysmorphia, which mayesult in extreme depression and suicidal tendencies post

competitive caregfHatton, 2013)
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2.10. Summary

Following a comprehensive review of the literature, whilst there is a wide body of
research examining the technical, tactical, anthroporagtbmmechanical,

physiological and injury parameters of training and competition, there is a sparsity of
investigations examining tH&M losspractices of Taekwondo athletes. It is clear that
Taekwondo has a uniqueakingweightculture, which is in stark contrasi other

combat sports in particular the grappling disciplines. However, whilst comparisons of
makingweightpractices between differing age divisions have been conducted in other
combat sports, th has never been explored in a group of Taekwondo athletes to examine
the relationship in the differing amounts@& and WTweight categories and their
respective differencdsetween the divisions as highlightedTiable 2.1 Further to this

no study has ever attemptedrnwestigatehe main influences otihe engagement in
making weight behavioumsithin this sportto further elucidatestakeholder perceptions

of current practice.

The methodef BM loss employed by Taekwondo athletes may have pronounced effects
on psychtogical andphysiological health and performan&irprisinglyto date no
studyhas eveinvestigatedhe magnitudes of BM loss wh@maekwondo athletes are
required to weiglin for their respective O@eight categories or examined this in tandem
with the new re weigh in ruling. Despite a number of available body composition
assessment measures, it appears the most commonly utilised dnetlkrsand x
subsequent equatignget the datgproducedrom this technique has not been validated
against criterion standards in this population. Additionally, research examining the
measurement AAEE in Taekwondo activities is limited antilising methodologies

which are not applicable in the figlhaking it difficult for practitioners to assess LEA in
this demographic. Finally, whilst only one study has highlighted the differences in both
gradual and rapid approaches to making weighiaiekwondo, this has never been
considered whilst investigating the potential for LEA leading to FEEpsychtogical

andphysiological health and performance consequences.
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Therefore it is the intention of this thesis to underfakeseparate studiesithin each of
these areas, to further exammakingweightpractices irinternational standard
Taekwondo athletes of differirgexes an@ge divisions, validate field based measures to
examineEA statusand offer alternate strategies to making weight employing

scientifically considered methodologies.
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CHAPTER 3.

Body Mass Lossand Ergogenic Dietary Supplement
Practicesin International Standard Taekwondo
Athletes:
Effects of Sex and Age Division
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3.1. Introduction

Taekwondo athletes lose BM in the belief that competing in a lower weight categbry
give them competitive advantages over their opponentstin lomb lever ength and
power to massatio (Bridge et al., 2014)Making weight practices anpehaviourshave

been widely studied across a numbecabatsports(see section B8) and it is essential

to examine whictBM loss regimers an athlete may be followingo further understand

the impact this may have on overall health and performanoember ofinvestigations
have examinedthe acute and chronic BM loss practises in Taekwondo athletes of
independenage divisions and competitive levétsee section 2.6). Whilst these studies
provide valuable informatigrnt is important to compare the BM loss behaviours of both
sexes Ad age divisions tassessf there are differences betweenactices particularly
given the reduction in weight categories in the older athlete gré\gfitionally, it is
alsokey to examinethe disparity inbehaviours and practices when considering BM loss
requirementsfor the WT and OG weight categes as described in section 2.5
Generating further data from these enquiries may offer the information needed to

formulate targeted making weight strategies and education to improve behaviours.

A number of studiedaveinvestigatedergogenic dietary supplement use in relation to
making weightpracticesin combat sport¢Crighton et al., 2016; Davis et al., 2001; de
Assis et al., 2016; Halabchi et al., 2011; Kim et al., 2013; Kordi et al., 2011; Lakin et al.,
1990) To date,only two studies have been conductexploring this specifically in
Taekwondoathleteg(Bezci et al., 2018; Fleming & Costarelli, 200@hereas a number

of other studies haveerformedanalyses as part of a group of spgBsaun et al., 2009;
Heikkinen et al., 201; Suzic Lazic et al, 2011)Examinations of doping
histories/behaviourghat may be linked t@rgayenic dietarysupplemenusehave been
conductedn larger sporting samplgroups(Barkoukis et al., 2011; Lazuras et al., 2010)
Again, whilst thesenvestigationgrovide useful insights, typicample sizes have been
minimal and do not examine these factors to elucidate a deeper level of aralysise
focused understanding of the ergogenic dietary supplement use of Taekwondo athletes
across sexes and age divisarould also afford the opportunity to examingotential

differenceswhichmay be linked tanaking weightoehaviours.
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The primary aim of this study was to examine fteguency,occurrence, magnitudes,
methods and influences of acute and chronic BM loss prac@oesnginternational
standardTaekwondo athletes of differingexes,age divisionsand OG/WT weight
categories A secondary aim was to concurrently analyse the ergogenic dietary
supplement use, knowledge and doping histories of these athigties may be linked

to the practices identified in the initial aim
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3.2. Methods

3.2.1. Participants

The study recruited both male and female participants who were competing in the 2015
British National Championships (& 281). The inclusion criteria stipulated that
participantsveree nt e r e d  icategoa(minidien of & Dardblack belt grade) and
within one of the Cadet, Junior or Sendvisions giving an age range of 125 years.

All other competitors in the same categoyigst not part of the elite division and those
competing irthe elite Child (<11 years of age) and Veteran categories (>35 years of age)

were excluded from participation.

3.2.2. Procedures

The study was conducted in a crossiseel survey design utilising thRapid Weight
Loss QuestionnaireRWLQ), which has been administered in a number of previous
combat sports studies and validated on a misexipopulation of >11 years odge
(Artioli et al., 2010d) The survey questions were amended to reflect the participant
demographic(see Appendix l)and thestudy was approved by the Liverpool John

Moores University research eteicommittee.

At the event registratigra member of the research team informed all athletes who met
the inclusion criteria about the study and requested their participation. Athletes who
expressed interest were given an information sheet, which contdlrefdthe necessary
details to make contact should they have anueries about the questionnaire.
Immediately post weigh in, those athletes who agreed to participate were tpided
designated dat collection area (DCA) and after obtaining formal written consent (or
parental/guardian consent in the instance of athletes below the ad@:yefrs) the
participants were seated at an electronic data collection point (DCP) and requested to
complete the questionnaire. The DCP consisted of a laptop station with screens to ensure
privacy and confidentiality of individual participant responses. Dudata collection
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members of the research team were present in the DCA for consultation on the
guestionnaire, should the participaméed their assistance in explaining any of the
information required. Irany instances this was neededthose members of the research

team who provided any necessatgtails ensured their responses and those of the
participants, remined confidential at all timearents and guardians in the case of

Junior and Cadet athletes under the age of 16 years were allowed to be present in the
DCA during the data collection process at t
not permitted to be present with the partaipat the DCP.

The questionnaireollateda number of sets of data including general informatsax,

age, stature, current BM etcprevious BM losdgrequenciesmagnitudes methods and
influences including theRapid Weight Loss ScordR{WLS), which is a measure of the
aggressiveness of these practices. Additionally, questions related to the use of both
ergogenic dietary supplemsnand athletic doping historiesvere also added to the
guestiomaire Finally, in order to qualitatively assess both the pshadical and
physiological effects of BM losslongsidethe appropriate knowledge of both dasse

and potential adverse doping risks associated with ergogenic dietary supplements,
participants were alstequestedo additionally comment on the questions pertaining to

these factoréseeAppendix J).

3.2.3. Statistical Analysis

Descriptive statistics (i.e. mean, SD, mode, range and frequency) are provided for all
variables where appropriatend dita was explored for normalitytilising box plots A

univariate tweway betweers ubj ect 6 s emN@y&iAo compaea number of
variablesrelating to BM loss across the differing categories sads andthe Bonferroni

post hoc test was used for pairwise compariseBrsar sondés Chii Sdouared t e
compare percentage frequencies between divisions saxds. All analyses were

performed using SPS&rsion24 (PASW, Chicago, lllinoisUSA) and the alpha level

was set ap <0.05. All qualitative data were assessed via content analysis utilising data

matricesto elucidate the most common phrase respofMass et al., 2014)
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3.3. Results

Overall, 106 athletes participated within tseidy, represenhg 37.7% of the targeted
celited divisions. This was divided between 79 males (74,586)which there were 21
Cadets (19.8%), 30 Juniors (28.3%), 28 Seniors (26.4%) and 27 females (2&.5%)
which there were 4 Cadets (3.8%), 12idus (11.3%) and 11 Seniors (10.4%). 100.0%
of the athletes had competed at nationaarapionship level previously and 72.5%
regularly competed internationallyAthletes reported competing 11 + 2 times and

winning medals 9 + 2 times annlyal

3.3.1. Participant Characteristics

Participantdés characteristics including trai
Table 3.1 There was anain effect of age present between divisiops<(0.001). The

athlete® s t ddfered bedweensexe (p = 0.03), where males were taller than females

(p = 0.03), andalsodivisions p < 0.001), where Seniors were taller than Juniprs (

0.03) and Cadetg(= 0.002). There waan interaction for stature in all divisiong

0.001) where male Cadet to Junior divisions increased and female Cadet to Junior
divisions decreased he practicing age of divisionalso differed(p = 0.03) with the

Cadets starting earlier than Seniops 5 0.03), however, this was not the case for

competing agedespite a tendency falifferencesbetween Cadets in the male divisions

and Senias in the female divisiong = 0.05)
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Table 3.1 Characteristics of Male/Female Cadet, Junior and 8efiaekwondo
athletes.
(All values are Mean £ SD and include the Mode and Range.)

SEX MALE FEMALE
n=79 n=27
DIVISION Cadet Junior Senior Cadet Junior Senior
n=21 n=30 n=28 n=4 n=12 N=11
Age (years)? 13+1 16+1 22+ 4 12+1 16+1 25+6
14 16 19 - 15 28
(11-14) (15-18) (17-32) (11-14) (14-17) (16-38)
Stature (cm) abe 163+13 | 176+9 181+8 167 + 18 164 +7 172+ 7
168 170 180 - 166 178
(134190) | (160-196) | (158196) (150-190) (153177) | (160-185)
Practicing Age (yearsy 712 9+3 9+5 61 9+3 10+4
5 6 5 6 7 10
(3-11) (4-14) (4-21) 47 (4-15) (4-16)
Competing Age (years) 9+2 11+£3 11+4 10+£3 10+3 13+5
8 9 9 12 8 7
(4-13) (6-16) (5-21) (7-12) (7-15) (6-22)

asignificant main effect of all divisions (P < 0.05)

b significant main effect afex(P < 0.05)

¢ significant interaction males vs. females/cadet vs. junior (P < 0.05)
d significant main effect cadet vs. senior divisions (P < 0.05)

3.3.2. Body Mass LosBrequencies an#labits

Table 3.2 highlights the BM loss frequencies and habits of the participants and is
inclusive of heavyweight athletes who reported BM loss in their responses. Overall
79.2% of participants reported losing BM for competitwith no differences (p = 0.15)
between combined male (75.9%) and female (88.9%) divisions. However, there was a
difference present between those reporting BM losses in the agaldivisions ¢ =

0.01) but not in the femalagedivisions ( = 0.63) and alsoraincreasing occurrence of

BM loss betweernsex combined Cadet (60.0%), Junior (83.3%) and Senior (87.2%)
divisions, respectivelyp = 0.02) There was anain effect between divisions inusd BM

lost in kg (p < 0.001) where Seniors lost more BM than Cadgis<(0.001) as did
Juniors p = 0.03). Thismain effectpersisted wheBM loss was calculated relativelp (

= 0.002) where Seniorsp(< 0.001) and Juors ( = 0.02) lost more than Cadets. For
Juniors and Seniarshere were nalifferences in the usual BM loss between Olympic
divisions p = 0.35) betweensex (p = 0.59) or when this was expressed relatively

between divisiong = 0.61) andsex(p = 0.83). There was main effet present for most
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BM lost in kg (p = 0.001) where Seniors lost more BM than both Junigrs 0.04) and
Cadets if = 0.002). Tls main effectwas also continue@henmost BM was calculated
relatively (o = 0.03) however, this exhibited differing results to absolute valudgere
Seniors only lost more BM than Cades=(0.03).Usual BM loss period also displayed a
similar main effect p = 0.004) where Seniors lost BM over a longer period than Cadets
(p = 0.04) and this was also similar in the usual BM regain after a 7 day perdal @3)
where Seni@ regained more BM than Cadets £ 0.03). There wereo differencesin
the number of annual BM loss attempts betwsexes (p = 0.62) or divisions p = 0.16).
However, there wamain effect between the agéhich participants began to lose B (
= 0.001) where yet agaitseniors began to lose BM at adadge than both Juniorp &
0.001) and Cadetp € 0.001).

3.3.3. Body Mass Loss Methods and Influences

Frequency analysis of BM loss methods amftuences arshown in Figures 3.1 and 3.2,
respectively. Responses can be seen in the legend below eachmpidpgher frequency
responses are shown in darker bars. There was an increasing trend in occacresse

the Cadet, Junior and Senior divisions for the use of energy restriction as a method of BM
loss,in the forms of gradual dieting (Fig. 3.1 A.),ijgiing meals (Fig. 3.1 B.) and fasting

(Fig. 3.1 C.). Dehydrative methods of BM loss in the forms of restricting fluids (Fig. 3.1
D.), use of saunas/steam rooms (Fig. 3.1 E.) and sweat suits (Fig. 3.1 F.) also followed
the same trend. An increase in theocaimt of exercise to elevate energetic expenditure
was widely prevalent across all categories (Fig. 3.1 G.), whereas the use of hot/salt baths
as means of passive dehydration for BM loss was not as frequent across all categories
(Fig. 3.1 H.).
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Table 3.2 BM loss frequencies and habits of Male/Female Cadet, Junior andrSeni

Taekwondo athletes.
(All values are Mean £ SD and include the Mode and Range.)

SEX (incl. percentage of MALE FEMALE
participants who reduced n =60 n=24
body mass) (75.9%) (88.9%)
DIVISION (incl. percentage Cadet Junior Senior Cadet Junior Senior
of participants who reduced n=11 n=25 n=24 n=4 n=10 N =10
body massy" (52.4%) | (83.3%) (85.7%) (100%) | (83.3%) | (90.9%)
USUAL body masslost (Kg) 1.0+06 19+13 3.2+x20 04+04 21+1.0 23+09
WT Division ¢4 1.0 1.0 2.0 - 2.0 2.0
(0.0-2.0) (0.55.0) (0.0-8.0) (0.0-1.0) (1.04.0) (1.04.0)
USUAL relative body mass lost] 2.1+1.0 3.2+x21 45+28 0.8+0.8 3.8+20 40+£1.6
(%) - - - - - :
WT Division ¢4 (0.03.7) (1.08.6) (0.0-10.3) (0.0-1.7) (1.47.0) (2.1-7.0)
USUAL body mass lost (Kg) 27+21 47+30 3.6+27 3.0+25
OLYMPIC Division N/A 3.0 6.0 N/A - 2.0
(0.48.8) (0.511.9) (0.69.0) (0.29.0)
USUAL relative body mass lost 45+34 6.8+4.2 6.4+4.8 54+52
(%) N/A - - N/A - -
OLYMPIC Division (0.6-14.0) (0.916.4) (1.4-16.4) (0.4-18.4)
MOST body mass lost (Kgy'® 21+£22 32+21 57x+3.2 19+£1.8 3.6x20 4524
1.0 3.0 7.0 - 6.0 4.0
(0.1-8.0) (1.09.8) (2.015.0) (0.44.3) (0.610.0) (1.09.0)
MOST relative body mass lost 39+28 53+3.0 8.0x44 42+43 6.8+4.7 7.0+32
(%) - - - - - -
(0.29.4) (1.7-15.9) (2.818.8) (0.810.5) | (1.417.6) (2.1-19.3)
USUAL body mass loss period 65 12+8 18 + 15 9+7 15+6 23+17
(days)¢ 5 14 14 - 14 14
(0-14) (3-30) (0-56) (2-18) (3-21) (1-60)
USUAL body mass regain 1.3+1.0 18+11 26+19 09+0.7 1.8+1.0 22+12
(Kg/Week) 1.0 2.0 2.0 - 1.0 2.0
(0.54.0) (0.0-4.0) (0.0-8.0) (0.4-2.0) (1.0-4.0) (1.0-4.0)
ANNUAL body mass loss 11+1 11+2 12+2 11+1 11+1 12+1
attempts 10 10 10 - 10 13
(1013 (8-20) (8-16) (10-12) (9-12 (10-14)
AGE began to lose body mass 12+1 14+2 16+3 11+2 14+1 174
(Years)de 12 15 14 - 14 13
(10-14) (11-18) (10-22) (8-13) (11-16) (12-23)

asignificant main effect male divisions (P < 0.05)

bsignificant main effect abexcombined divisions (P < 0.05)

¢ significant main effect cadet vs. junior divisions (P < 0.05)
d significant main effect cadet vs. senior divisions (P < 0.05)
€ significant main effect junior vs. senior divisions (P < 0.05)
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Figure 3.1 Frequency analysis of BM loss meth@dsGradual Dieting;B. Skipping .
Meals; C.Fasting D. Restricting Fluids; E. Sauna/Steam Room; F. Sweat Suits; G.
Increasing Eercise; H. Hot/Salt Bathjh Male/Female Cadet, Junior and Senior
international standardaekwondo athletes.
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Other training colleague$-ig. 3.2A.) and competitorgFig. 3.2B.), had a lage amount

of influence on the engagemenf BM loss across all divisions. This was also
demonstrated for coach/physical train@fgy. 3.2C.), who had the most influence across
all divisions and parentd=ig. 32 D.), who had a larger influence on Cadet and Junior
divisions. Professional personnel in the form of physicians/dodters. 3.2 E.),
physiotherapistgFig. 3.2F.) and nutritionistgFig. 3.2G.) had dimited influence on all
divisions with the use of online resourc@sig. 3.2H.) havinga minimalinfluence on all

divisions overall.
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Figure 3.2 Frequency analysis ahain influences oBM losspractices(A. Training

Colleague B. Another Competitor; C .Coach/Physical Trainer; D. Parents; E.
PhysiciariDoctor; F. PhysiotherapistG. Nutritionist; H. OnlineResourcesin

Male/Female Cadet, Junior and Seninternational standard’aekwondo athletes.

3.3.4. Rapid Weight Loss Score Between DivisiandSexes

The RWLS betweersexes and divisionsis presentedn Figure 3.3 There were no
differences between tlexes(p = 0.71) yetamain effect for divisiongf = 0.003) where
the Cadet division score was lower than the Junior division (P = 0.007) and Senior
division (p < 0.001) scores and the Junior division score was lower than the Senior

division (p = 0.04) score.
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§ significant main effectex combineglinior vs. senior divisions (P < 0.05)

Figure 3.3 RWLS of Male/Female Cadet, Junior and Seiitarnational standard
Taekwondo athletes.
(All values are Mean * SD)

3.3.5. Ergogenic Dietary Supplement Use andping Test Histories

Table 3.3 highlights theergogenic dietary supplemense of athletes in botbexes and

divisions. Out of 50 ergogenic dietary supplemeoitdy 20 were identified as used by at

least one of the divisions across the participant anverall there wer&o main

differences between sexes other than for green teg (= 0.09), where use was
predominantly higher in females. Meal replacement supplements showed a tendency for
differences (p = 0.05) where use was higher in femalas did post work out products (

= 0.05) where use was higher in males. There wer&kewdifferences between both
male/female andexc o mbi ned di vi s i -alange, ¢affeme, tabem, fishs e o f

oils, glutamine, glucosamine, sodium bicarbonate, soy protein, tart cherry juice, and
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vitamins. There werbighlighteddifferences in the male divisions for the use of creatine
(p = 0.04), energy gelp(= 0.02), energy barpE 0.07) and a trend fasignificance in
energy drinksg = 0.05). For all the aforementioned ergogenic dietary supplements there
were nodifferencesbetweenthe female divisions, yet there were betwsercombined
divisions for creatinep(= 0.02), energy gel(= 0.003), energy barp £ 0.02) but not
energy drinksgg = 0.13). There was no use of pre or post workeatipcts in the female
divisions, yet there was differencein usebetween preg = 0.02) and postp(< 0.001)
workout productsin male divisions where thisonly occurred in the Senior division.
There was alifference in the use of whey protein across the male divispprs(Q(001)
and female divisiongp(= 0.01) andsexcombined divisionsg = 0.001) where there was
overall increased use in the Senior divisioAslditionally, there werdifferences insex
combined divisions for the use of both electrolytps=(0.01) and meateplacement
supplementsp(= 0.02). There was ndifferencebetween combined male and female
doping test historiegp(= 0.38), however there was between male £ 0.08) and female

(p = 0.03) divisions andraincrease insexcombined Cadet (0.0%), Junior (6.7%) and
Senior (23.1%) doping test histories, respectiyply 0.004)
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Table 3.3 Frequency analysis @rgogenic dietargupplement use in Male/Female
Cadet, Junior and Senior €awondaathletes.
(All values report the percentage of use.)

SEX MALE FEMALE
n=79 n=27

Cadet Junior Senior | Cadet Junior  Senior
DIVISION n=21 n=30 n=28] n=4 n=12 N=11
b-Alanine (Beta alanine) 0.0% 3.3% 14.3% 0.0% 8.3% 9.1%
Caffeine (including coffee) 95% 23.3% 35.7% 25.0% 25.0% 36.5%
Casein Protein 4.8% 3.3% 7.1% 0.0% 0.0% 0.0%
Creatine (all forms) P4 0.0% 3.3% 17.9% 0.0% 0.0% 9.1%
Electrolytes (Drinks &/or tablets) ¢ 28.6% 36.7% 60.7% 50.0% 8.3% 54.5%
Energy Gels”d 4.8% 10.0% 32.1% 0.0% 0.0% 27.3%
Energy Bars®¢d 95% 26.7%  39.3% 0.0% 8.3% 36.4%
Energy Drinks (Still & carbonated) 23.8% 56.7% 53.6% 50.0% 16.7% 54.5%
Fish Oils (Cod Liver, Omega 3/6/9, Krill, etc.) 4.8% 20.0% 28.6% 25.0% 8.3% 18.2%
Glutamine 0.0% 3.3% 7.1% 0.0% 0.0% 9.1%
Glucosamine 0.0% 0.0% 3.6% 0.0% 0.0% 9.1%
Green Tea (Including extract)? 48% 133% 21.4% 50.0% 16.7% 54.5%
Meal Replacement Supplements (Bars/powder§)| 0.0% 0.0% 10.7% 0.0% 8.3% 27.3%
Pre work out products®d 0.0% 0.0% 14.3% 0.0% 0.0% 0.0%
Post work out products? d 0.0% 0.0% 357% 0.0% 0.0% 0.0%
Sodium Bicarbonate 0.0% 0.0% 3.6% 0.0% 0.0% 8.3%
Soy Protein 4.8% 0.0% 7.1% 0.0% 0.0% 0.0%
Tart Cherry Juice 0.0% 3.3% 3.6% 0.0% 0.0% 0.0%
Whey Protein (All forms) p¢d 95% 3.3%  46.4% 0.0% 0.0% 45.5%
Vitamins (Multi and/or individual vitamins) 143% 26.7% 32.1% 50.0% 8.3% 45.5%

asignificant differenceex (p < 0.05)
bsignificant difference maldivisions (p< 0.05)

¢ significart difference female divisions §0.05 )
dsignificant difference albexcombinedivisions (p< 0.05)
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3.4. Discussion

The main aim of thisstudy was to examine thefrequency,occurrence, magnitudes,
methods and influences of acute and chronic BM loss practices and ergogenic dietary
supplement use/knowledgeamong international standardTaekwondo athletesof
differing sexes, age divisions and OG/WT weight categofibss is the first BM loss
survey conducted in any combat spomimediately post competition weigh in. The
importance of this factors that in contrast to many of the other surveys reportedein t
literature, which may have beaompletedduring the in/off periods of a competitive
season (or even during a competition period), the informairesentedmmediately
captures not onlguantitativedatg but the perceptions and attitud#fghe athletes during

the most pivotal point in theindividual BM loss processs

Theresults of this study agreeith a number of other investigatiodsscribed irsection

2.6, which indicate there are no differences between ftleguency, occurrencs,
magnitudes, methods and influences of BM loss in combat sports beteesnMany

other studies have compared the differences betwagnng combat sport disciplines
(Barley et al.,, 2017; Brito et al., 2012; Reale et al., 2Qlat)letesof differing
competitive levels(da Silva Santos et al., 2016; Steen & Brownell, 1989 also
individual age categories including youth and seaithietes. However,this is the first

study to comparethe differences between age divisions iirternational standard
Taekwondo athletes and only the third study to do so in cosploats(Alderman et al.,

2004; EscobaMolina et al., 2015) As the data demonstrates, there isragpessive
increase in the occurrence of both usual and most BM lost from Cadet to Junior and
Senior divisions and this pattern also shows a similar trend for the amount of BM regain
within a 7 day period. Intriguingly, the amount of time engaged in BN, Iesems
dependent on how much is lost, where Seniors lose mor@\&ivla longer time period

and contrasingly this trend decreases in both the Junior and Cadet divisilhs.
divisions engage in the same amount of annual mean BM loss attempts and the age at
which each division began to lose BM also increases throughout the divisions. Other
studies have reported a mean age of 14 = 2.1 yadr@ranchini et al., 2012which
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agreeswith the data from this study &b + 4 year®ld whenexaminedcollectively. The

data from thignvestigationalso includes heavyweight athlet@go are often excluded
from the analysis of many other BM loss survey stif#atioli et al., 2010b; da Silva
Santos et al.,, 2016By including data from this sub category BM loss prevalence is
exhibited at 79.2% of the participant sample, however upon excjukiers reduced to
71.7%. After discussion with many of the heavyweight athletes about why they
conducted BM loss, despitet needing too in order to meet their category limit, many of
the responses ifeeltightadd esdo tthhewye quekds It &

Alarmingly, as the occurrence of BM loss increases throughout the age divsiaises

the magnitude. A higlproportion ¢ athletes reportosing >5% of their BM in order to
compete and despiteisrstudy being conducted prior to its instatement, this is in direct
contravention ofthe global federation(WT) ruling, where athletes who are randomly
seleced to reweigh in the morning of competition are disqualified if their BM is above
5% of their weight categoriymit (World Taekwondo, 2018afor most BM ever lost
40.0% (45.5% in males/25.0% in females) of Cadet, 45.7% (40.0% in males/60.0%
females) of Junior and 73.5% (75.0% in males/70.0% in females) of Senior division
athletes have lost over this amount at some point in their competitive career. There was
no description of usual BM losse§% in the Cadet divisions, howevéris was reported

in the WT Junior categories where 22.9% of athletes (20.0% in males/30.0% in females)
lost over this amount with the highest range from-&@%. In the Olympic Junior
categoriesthis magnitude is exacerbated even further to 40.0% détath(50.0% in
males/44.4% in females) with the highest range of loss from1Bl4%. For WT Senior
categoriesover 32.3% (37.5% in males/22.2% in females) of athletes alse38stof

BM, with the highest range of loss at -.0.3% and in the Olypic Senior categories,
again this magnitude was again inflated to 48.4% (61.9% in males/44.4% in females) of
athletes with the highest ranges of loss being 16814% respectively. These
magnituds are considerably higér than previously categeed in the literaturewith
ranges exhibiting similarities to other combat sports sudiiidé (Barley et al., 2017;

Crighton et al., 2016wherethis is not uncommon practi¢see section 2.8).
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When examining the methods utilised to achieve BM,lesgrgy/fluid restrictiorand

increased energetic expenddlare the most common practices across Isetkess and

divisions in agreement with other stud&s highlighted irsection 2.65. Another trend

can also be olesved where the increased frequency in the employment of these methods

is linked to the amount of BM loss between the divisi@igen use is much higher in

Seniors compared to Juniors and Cadets. The questionnaire also gathered information on

other moredangerous methods of BM lgsghich are not included ifrigure 3.1 dueto

their limited frequencyof use. Many of these other extreme methods were almost
exclusively used in the Senior division and included the use of fat burners, diuretics,
laxatives ancenemas. The use of both spitting and vomjtimgre employedin both the

Junior and Senior divisions and interestingly the use of watelingawhich is a

common BM reduction technique amongst MMA athlgs=e section 2.8) showed a

limited prevalence in all of the male divisions. The content analysis of qualitative
responses indicating use of these methbdaghlighted common themes between both

sexs and all of the divisi tungnd tirbtdn awedld 61 et e s
during ener gy dizew lighttheaded o aheabldclde8 dur i ng fl ui d r e
a n datiggpedd d ur i n.gn otderdoi anhieveBM loss through energy restrigtion

many of the athl et prkfoodd p @ mn tfatGh | amaskolgdraiéc t | on i n
intakes. Post weigh in &rge focus was on immediate food and fluid intakeh

Genergy cathohydrated awad® 6ci t ed as the most common r e

The main influences on BM loss from this data is also in agreeance with other studies
conducted incombat sportsywhereas coaches, training colleagues and other competitors
are cited as the most common effectors in the decision to reduce BM for competition.
However, interestingly it was highlighteétat parents have a large amount of infleeen

on Cadet and Junior division athletes below the age of legal responsibitigscribed in
section 2.8. This highlights the necessity to engage with these stakeholder gtoups
further understand their perceptions of the making weight practicée afiffering age
divisions and the requirements of BM loss between OG/WT weight categories.
Additionally, this may highlight the perceptions of influence between coach and parent

groups, affording a greater understanding of their motivations in the egemeat of
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making weight practices-urthermore,each stakeholder groupay also elucidate the
most efficient mediums to provide targeted educatigreadkageswhich maychange
making weight behaviours and allow the formulation of safe and efficient BM loss

strategies.

In tandem with making weight practices this study is the firsexamine ergogenic

dietary supplement use and doping histgrisslely on @ international stasard
Taekwondopopulation.Many of the athletes both sexes and all divisions use a large
amoundnergpf bbased nutritional productsisincl udi
morethan likely linked toincreasing energetic intakéa CHO post weigh in. This trend

continues withthe use of caffeine being reported in qualitative responses for
geaformance enhancemeént, gr e eweightlesda fBod ©6i sh dealths/ vi t ami
benefit§) in agreement with other studies conducted¢@mbat sport¢Kordi et al., 2011)

and other sports ingeneral(Suzic Lazic et al., 2011)The useo f -Aldnine, creatine,

sodium bicarbonate, tart cherry juice and casein/soy/whey prateinifested limited

qualitative responses. However, many of the athletes reported having no knowledge of

their purported benefitor whether the product had beestesl for banned substances

under the WADA code, which is distressing considering that at least 23% of Senior

division athletes had reported conductindpaing tes{Campbell et al., 2011)
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3.5. Conclusion

This study confirms that the BM loss occurrences, magnituded methodsin the
Olympic combat sport of Taekwondto not differ between athletes of differing sexes.
However a@spite thisthese factors do diffedbetween the age divisionghich may be
attributable to thelecreasein the amount ofveight categorieand expansion inategory
differences This study additionally highlightsome of the highest combat sport BM loss
ranges within the literaturgarticularly in theOG categories Again in agreement with
previous research both trainingcolleaguesand c@aches were identified as the main
stakeholder groupsfluencing the engagement in these practices, however, parents were
also identified as key influencers in the Cadet and Junior divisions. Finally, the ergogenic
dietary supplement use in this study edhappeared to be linked supportingmaking
weight practices in the formof BM loss andperformanceenhancement pre and high
energyaidspost weigh in. Alarmingly, and despite a high prevalenargbdgenidietary
supplementise, athlete knowledge and understanding of how to scrutinisepitteiects

for potentialantrdopingviolationswas largely poodespite all being eligible and many

having conducted an ardbping test.
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CHAPTER 4.

Stakeholder Perceptions oMaking Weight and
Nutritional Practices in International Standard
Taekwondo Athletes.
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4.1. Introduction

The findings ofChapter 3further support previousvidence that international standard
Taekwondoathletesengage in making weight practices linked to BM loss. However for
the first time this study demonstratedthere are key differences in practices and
behaviours between age divisipnshich may be linked to the decreases in weight
categories and increases in category differerCeapte 3 along with numerous research
investigationgseesection 2.8), have synonymously establishdtht coaches areften
one of the main influences ocombat sportathlete making weight and nutritional
behavioursThere is also emerging evidence to suggestftirahoseathletes below the
age of legal responsibility, this influence fisrther mediated by paren{&ansone &
Sawyer, 2005; Xiong et al., 201Avhich was additionally confirmed in Chapter 3.
Despite these findings, qualitative investigatiomsy aid in further evaluatinghe wider
stakeholderattitudes, beliefs and knowledge surrounding thefleences(seesection
2.6.8). This has beemreviouslyconducted inother norcombatmaking weightspors,
highlighting contextuastakeholder perceptionghich werefurther explored to enhance
positive changes to practices and behaviours via education and improved
policies/procedure@Martin et al., 2017)

Chapter 3 also highlightethat ergogenic dietary supplement usethis population may

be linked to BM loss practices pre and post weight Marious research studiesave
examinedthe nutritionaland ergogenicdietary supplement usa combat sportathletes,
either inclusive or exclusive ahakingweight practices and across varying preparatory
or competitive periodgseesection 28.2 and 3.). Whilst these investigations provide
useful datato assess both dietary macro/micronutrient content and feeding/ergogenic
dietary supplement frequency and digitibns, they do not present any detailed
information on the motivationsvhich encourage thengagement in these behaviours.
Studies byPettersson et al. (2013); Pettersson et al. (202 explored these themes in
greater detaiin a group of Olympic combat sport competitors I{isove of Taekwondo
athletes), but furtheresearch is required to assess the additional key stakeholder

perceptions of these practices within this demographic.
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Pettersson et al. (20123uggests that combat sport athletes are in a constant struggle
between non sport related concerns/bodily requirements and the sport specific demands
of makingweight for competition. Particular timees emerging from this study were the
athletes concerns with body image and the importance of physique. Howevarpus
investigations examining this factor in comisgiort athletes generally, studies indicate

that despite potential contrast betwesexes (Rouveix et al., 2007)there areno
discernible differences between those combat sport athletes who endgigdars and

normal controls(Costarelli & Stamou, 2009; Filaire et al., @0). Further to this,
Pettersson et al. (2018pve also suggested that the cultunakingweight practices in
combat sport represent a key part of the
advantage during the competitive preparatory periethwever, no study has
subsequely explored this themeand further examination of this paradigm is certainly

warranted.

Therefore, the aim of the present study was to examine the overarching perspectives of
various key stakeholdensithin the combat sport of Taekwondm garner a greater
undestanding of their perceptionsndhe influences which encourage engagement in

specificmakingweightand nutritional practice
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4.2. Methods

4.2.1. Participants

To gain the greatest insight into the perceptions of differing stakeholders within the
demographic, a purposeful sampling approach was taken, inclusive of variageRr in

weight category, experience and previous involvement in the, $pgnovde a balanced

perspective of the researghestion(Patton, 2015)Participantsvere sectioned intthree

stakeholder groups inclusive of Athletes (3 males & 2 females), Coaches (4 males & 1

femalei 3 previous athletes & 2 neathletes) and Parents (3 males & 2 feméles

active sporting involvement & 3 neactive sporting involvement). All participants were

above 18 year s iodusioa grieeriastiputating (a)t1hDare klaekdsilt,

(b.) global athlete licence (GAL) an(t.) a 't | east 3 yearsod interne
experience. Coachésclusion criteriastipulated (a.) global officials licence (GOL)(b.)

continental union license (CUL) anft.) at least 5 yeafsinternational coaching
experience. Only parents aft hl et eds i nclusion criteria wel
was granted byhe Liverpool John Moores University research ethics comrraiteleall

potential participants werentacted via enail requesting their involvement in the study

of which 100% agreed to engage with the investigation. Participants provided informed

consent by return of-ma i | after di scl osure of t he st
information sheet. Cordentiality was guaranteed for all participants and only limited

details are provided throughout i.e. Athlete 1, Coach 2, Parent 3 to ensure anonymity.

4.2.2. Data Collection

Semistructured interviews were conductediwall participantswith questionsdesigned
taking into account previous quantitative and qualitative investigafsmes section 2.8)
as well aghe observationsiade inChapter 3Question structure was arranged to cover a
broad range of topics ihading BM loss habits/magnitudes/timeourses/methods,
nutritional knowledge/practices, the importance of physique and key influ¢sees
Appendix 2) An openrended question format was adopted to allow voluntary
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contribution and detail in an informal cagrsation(Lincoln & Guba, 2006)This format
allowed each participant to express their insights and emotions with minimal constraint
so to navigate towards areas of significance. Probing was employed when retpired
obtain more depth to specific answ@&atton & Jones, 2010; Turner, 201Bjior to the
beginning of the study a pilot interview was conducted with a previous athlete and
current coach in order to refine the questions and to assess the efficacy of the
measurement tool in addresgirthe research aim. Interviews were conducted via
telephone and were recorded to be subsequently transcribed, with the average interview
length being 36 minutes (range P27 minutes). The interviewer was acquainted with

the spot, having previously comped asan international level athlete for 10 years and
also currently beingraOlympiclicensed coach. Whilst this can be viewed to negatively

i mpact data collection in terms of | eading p
and experiencelCreswell & Creswell, 2018xonversely this was viewed to facilitate the
process. Given the interviewers experience with the sporting jargon and informal
terminology, being vieed as an insider by the participants was more likely to elicit more
meaningful and truthful respons@sramson & Modzelewski, 2011)

4.2.3. Data Analysis

All interviews were transcribed verbatim generating 131 pages of text (41 athletes; 44
coaches; 46 parents). Utilising a parallel content and thematic analysis ap{Baain

& Clarke, 2006; Elo & Kyngas, 2008; Vaismoradi et al., 2Q18)ltiple readings of the

data were conducted to allow immersion in degail For the initial topic of identifying

BM loss habits/methods/time courses/magnitudes, content analysissed to examine
frequencies in responses and generate specific codes. For all subsequent, sections
thematic analysis was utilised to describe themes within the ddire there was
commonal ity between participant sbadbeemrsponses
identified these were then organised into a series of data mgtvides et al., 2014jo

allow a more practical view of the emerging narrative. These matrices were subsequently
reviewed which allowed a cohesive story to develop between the varying participant

stakeholdersgenerating an encompassing perspective of the (Msein et al., 2017)
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Transparency was achieved by having other members of the research group independent
from the primary author and providing critique for all phases throughout the data

collection and analysis.
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4.3. Results

Within this section the results are divided into six subcategories to examine the
perceptions, beliefs and attitudes of the differing stakehgdrips in parallel. Section
4.34 also includs a specific focus on the individual insights of the Athleteugravith
additional reference to their seasonal nutrition/ergogenic dietary supplemereégew

and practies. Section 4.8 focuses on the support network group (Coaches/Parents)

with further reference to their considerations on potential policy arstg@uoal change.

4.3.1. The Culture oMakingWeightPractices

The magnitudes, occurrences, motivations and insights of both BM losmakidg
weightpractices ar@resented iM\ppendix 3.1 Independenof sex the magnitude of BM

losses expressed by the Athlete group rarfigea 3-8 kg, achieved in periods of-2

weeks (1435 days). Further probing in both the Coach and Parent gralspsvalidated

that there were differences in the magnitudes and time cof$M losses between the

Cadet, Junior and Senior divisions. Both groups synonymously expressed that Cadet
athletes were discouraged from losing amounts greater tkgro2er any period longer

than twoweeks (14 days), whereas there was an acceptaatcattietes needed to lose

more BM as they progressed through the age divisions. Coaches 1/5 and Parent 5 stress

the reasoning behind the unwillingness to engage younger athletes in more protracted BM

losses and periods is due, in part, to the fact timatie demographicaées t i | | . gr owi ng
However, in an additional excerpt, Coach 5 also stafes: 6 v e been sanct |
bef oreésomebody | ef't my team who basically
what we did and apparently it was wrong so | got a wamg . Now | wondt adyv
any more than t himsihuatagriieuetuttanae fis alsoediivgnhby féar of

higher authoritarian intervention. Interestingly, Parent 4 also highlights the difference in

the amount of categories between the agesidns stipulating it was easier when her

child was younger given the greater range of categories. The occurrence of these BM

losses are dictated by the new competitive calenddr all stakeholders expressing that
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this typically occurs between 412 times annually. This is based on the need to compete

each month to every few weeks and is independent of siglxer age division.

Regardlessof sex all participants in the Athlete group highlighted that the key

motivation for engaging iBM loss was to be more competitive in both stature and BM.
Interestingly there was a dissonance between the reasoning fonittisAthletes 1 and

4 expressing that they would achiedea d v a ndvex gtlees @pponents due to their

stature, whereas Atiiles 2 and 3 highlighting their motivation wasotdé e v e | the pl ay
f 1 eabath€t the type of competitors who possess anthropometric dominances. From all
Coaches perspectivethere was an acceptance thmaking weight practices are an

inherent part othe weight categorised nature of the spamid this wassomething that

would always be part of its culture. However compellingly, Coaches 1, 2 and 3 who are

all previous athletesaccentuate their disagreement with the practicenafikingweight

More so, Coaches 4 and 5 who were not previous athletes highlighted the importance of
makingweightt o competi tive accomplishmdfnpu expr es:
want to be succssf u | its fundamental &6 and d&harent hi nk it
group insights ormaking weight practices seemed to reaffirm both the perspective of

Athletes and Coach groups, with all agreeing it is culturally intrinsic to lose BM for
competitive advantages in Taekwondo competition. Highlighting a specific instance from

Parent 4, there almost seemed to be a justification of these behaviours exhibited in the
statementé | 6d r at her have her in a weimgéup group
against other athletes that are roughly her size because at the end of the day, she would

get ki cked | efseeminglyiinditating amaternat iastirictrinepdioritising

safety in competition at the expense of exposing the athlete tskiseof excessive BM

losses.

4.3.2. Methods of Body Madss and Psychaogical andPhysiological Symptoms

As highlightedin Appendix 3.2 the participants the Athletes group utilised a multitude
of methods in order to achieve tlire respectiveBM losses All Athletes described

engagement in energetic restrictigrgrticularly via redcing or excluding CHGased
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foods concomitant with reductions in both meal size and frequency. Additionally, all

Athletes also discussed how they would increase the volume and/or intensity of exercise

they engaged irto further exacdate energetic deficits. Interestingly, Athletes 1 and 5

also discussed the use of fasted exercise and when further probed, expressed this was to
deliberaely target the loss of FMFurthermore, all Athletes also conveyed that in the

final days leading ito a competition weigh in, techniques of both active and passive
dehydration played a unique part of their individi& loss strategies All Athletes
highlightswdat ams@i tosf b eG sia ttaininga goeurrentdy with

reduced fluid intake. Athletes 1, 3, 4 and 5 also discussed using saunas as a means to
further reduce BM, with Athlete 5 elucidating a unique individualised strategyt h e

day before the weigh o nshodtds jtuocstdedhry dirkatle tnmbe
When questioned about thike Athlete voiced how they felt it would make them urinate

more to further induce dehydration. All of the Athlete group described how these
practices made them feel physicallyf at | @tue@ddn abl e t o mai nt ain
i nt emmsid dy avlilst @sychologically being & ment al 'y twhichh proce
resulted in6decr eased mot i v aandoomedn,t ad moboriddag wiowns @ .
further context to this process seems apparentdhnone of the Athlete group had any

desire to engage in these practices, based on the pmyiclab and physiological

symptoms that they experienced, with Athlete 3 particularly stressidgwf ul . Absol ut
disgusting. It literally made you questionyh | competed eHowavey t i me |
further to this they also highlighted: | guess | i ke most at hl etes
with it. You just | ear nt taovievatbatise furthert hi ngs
supported Btyustdoms$ emed 5y o W, i ke all | 6d t hi
what was on my mind would be related to wei

was kind of related back to weight as oppose

The Coach and Parent groups confirmed manthefmethodsand psychdogical and

physiological symptoms described by the Athlete group. Additionally, to this, Coaches

reported how many of tireAthletes demonstrated reducédc o gni t i veand unct i on
O0r e act ithwoeghoatstimiing and sparg sessions. Alarminglyboth of these

groups highlighted additional methods and physical effects that were not elucidated by
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the Athlete group. Both Coach 5 and Parent 3 remark how they have witnessed the
implementation of extreme practi¢cescluding tre use of diuretics and laxatives, with

both Parent 2 and 3 also describing physiological abnormalities including amenorrhea

and chest pains. Furthermp@oach 5 also describes how far athletes are willing to go in

order to meet their weight category limit ¢ | even saw a gir|l once a
she basically drained herself for God knows how long, how many days, weeks and she
still coul dndét make her weight so she cut he
been well looked after and shetcuoff, cut all her hair offf And she lost in her first

mat c h! [ ICantirpihg frorg (héir. disagreement withaking weight practices

highlighted in the previous section, Coaches 1, 2 and 3 all express their disapproval of

athletes engaginip these processewith Coach 1 specifically relating this back to their

own negative experiences as a former competitor. Coaches 4 and 5 describe the

0 s i mp of the prdcgsHand how théya d von methinds to lose BM. Both of these

individuals alsadescribe how they believe the use of more deliberate practices in Senior

division athletes are warrantedith Coach 4 stating Wi t h seni or , yes we
dehydration before but thatds a senior, they
youal i ttl e bit mor iterestinglyParent 3 alsy aonfirmg& theoAthtiete

point of view about the acceptance of thakingweight practices within the sport by

stating:6 | t 6 s-sat mi hdt they know t heaoydmpeteagdoi ng t o

that s what they do. It just seems to be a
that therebds a | evel of 6oh 1 &6m cutting wei
0l 6ve daysthoeweigh i nd.

4.3.3. Body Image and the Importance of Physique

Additionally highlightedin Appendix 3.2 all stakeholder groups unanimousigreed that
physique was of insignificancén comparison to the key goal of losing BM to meet a
weight category limit however, a number of interesting themes emerged from this
paradigm All Athletes commented that despite their main goal being to make a specifi
weight category, paradoxically they were not happy with the way they looked in doing
so. Both Athlete 1 and 3 describe how making a stipulated weight category was their only
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concern, howeveb bei ng skinny amdadd n &dti dnénny ragiad e d | i k
| ook ed. Thd Co&cl3es @roup focus on the primary target of making a specified

weight category, is also tantamount to the importance of having a particular body shape

in orderto perform. However, this is in direct conflict with thesate for the athletes to

also6 | o o k &senate case/ob Coach 4 who state§he r e al mai n i mpor
to me is kind ofa) are they healthy(b) are they performing? The general looks of the
athleteds body, obvi oiuts@sy a fprtdhlkelye m,r ey cslk i wvma n
|l ean, you doné6t really want bones showing h
the day t hey needhetParentsgriup vidws ae dividdd dpdtvieén.

those who have either active or ractive spating involvement, with Parents 1 and 2

highlighting the importance of physique for performance and Parents 3, 4 and 5
stipulatingt he i mportance their childds health i ni
describes antinomy between this cquicé Tae kwondo pl ayer s, t heyor
enough the same physiqgue. Theydve got wide
slim | egs. For me itdés important for my dau

killing herself for ito.

4.3.4. Nutritional Knowledgd?ractices Throughout thilaking WeightProcess

Appendix 3.3highlights the nutritional habits of the Athlete group post weigh in, on
competition day and post competition periods alongside the perspectives of all groups on

the Athlete group nutritional knowledge and practices.

In the initial post weigh in phase, all Athlststress the importance of fluid ingestion with
individualised strategies ranging from the use efiydration solutionsto large volumes

of fluids across both immediate and prolonged timeframes. The majority of the group
also stresshe importancef CHO ingestion in this period, despite a number of differing
approaches to fieeding strategiesAthletes 2 and 3 both describe a hyperphagic
response via gorging on convenience foods high in fat and sugar, stressing their reasoning
behindthis is due to the prolonged nutritionally restricted period they have endured and

to satisfy cravings. Athletes 1 and 4 describe their desire to follow this strategy, yet note
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the negative impact this would have on their competitive preparation fooltbeihg

day. Indeed, Athlete 3 describes how their sleep is negatively affected the night before
competiton 06So it was kind of c¢crammed, I used t
because | 6d probably over carlkewltjustusedad a s
t o make m@eAthléte e describes @knéch more phasic approach-fieelleng

post weigh in but yet again describes allowing themselves a reward in a high calorie

snack.

On competition day all of the Athlete group still stréss importance of fluid ingestion

throughout this periadnterestingly all of the group describe how they would focus on

eating abreakfast high in CHQ@rior to the start of competition, given certain individuals
describestruggling to eat throughout the dalpe to the feeling of nervousness. Athlete 1

also describes how given the period of BM reduction can reduce stomach ytteme

utilise a strategy of feeding little and oftén avoid any gastrointestinal distressebis

strategy is described by Athletes 3, 4 and 5 who all testify to eating small snack foods

high in CHO (particularly sugar)to energise them throughout the day, with a more
substantial feed during a break between contests. IntriguiAtijete 2 desgbes how

they try to eat at breakfast but will typically focus on only fluid ingestion during the
competition day. When probed further on this the Athlete remakeéd: t hi nk it was
down to nerves. | 6ve never a sditore witht ed wi t

performance, sort of thingé.

In the post competition perip@ll Athletes describe a period of rebound hyperphagia

where they feed on a number of junk/convenience foods inclusive of alcohol. All Athletes

report how they are psychologicallyadvn to these foodstuffsvithout having plausible

explanations as to why. Highlighting this further, Athlete 3 describes:ou depl et e
yourself of so much for weeks, you just want
har d t o MaesiAthldes ialso&Gtress how after a set uncontrolled eating phase

deliberately return to a controlled period of eating e a | When gdropddl many of the

Athletes recount how this is a strategy employed in fear of increasing BM too far in

excess of theiweight categoryas discussed by Athleted:é Then | woul d conve
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to protein and vegetables so | never try to go abovieg61f | did | always knew it would

be a lot harder for me if | saw that my weight rebounded back to about &2, &3d |

wasl ke itds going to be a | ot harder to drop
w e e KHeswever, despite this Athlete 2 showed little concern in controlling their eating

habits for BM regulation stating 61 6 d say it (nut tavanimore a | habi
so in the ofiseason. | just sort of pig out at Christmas, loads of chocolate,-Cols

alcohol . I donét really want to think about

| have toob.

In regards to opinions of their own nutritidnienowledge, all of the Athlete group

describe how they felt the need to be better educated in this area. Most of the group
discusshow eating via optimal nutritional practices is an expensive enterpiitsesome

also remarking the diet periodey employ during BM reduction being mediated by this

factor. Many of the Athletes also stress how preparing food o e atakeswe |l | 6
considerable timeplus having a lack od mo t i woacbok mewald due to post training

0t i r e &urtlees ® Ghis somef the group report how other external influences
includingét r ai ni ngnd® @ o & angactsdd their nutritional practicewith

Athlete 5 describingd | 100% know the right things to be
definitely know, kind ofall of that stuff. | think sometimes it is just about putting it into
practi se, t hat side of t hi.hen exxaminig tthe me s |
Athlete group understanding of ergogenic dietampplementgsee Appendix 3.4, a

numker of interesting themes emerge. Athletes 1, 4 and 5 all state the use of ergogenic

dietary supplementswi t h products ranging from vitamir
creatine and electrolyte solutions. Athlete 3 also remarks how theptddilise theg

supplements, yet when further probed describes using protein shélezsas Athlete 2

stateghey donot use these supplements due to both cost and fear of potential inadvertent

doping violations. Athletes 1, 4 andal mention utilisingan online checking service to

scrutinise these products for safe use.

Both Coach and Parent groups confirm a number of the aforementioned key themes i.e.

post weigh in hyperphagia, -teydration, budgetary constraints etc. howeveport a
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number of conflicting ideologies in their own perceptions around the Athlete group
nutritional knowledge and practices. Despite many of the Athletes describing an adequate

level of knowledgemany of the Coach group express how thisathe case wh Coach

2 remarkingé € So , |l think, for them, I'tds more abo
they make the weight and itds not about is t
to help their performance? So | think their knowledge is very limeMiady of the

Coaches also report how the Athlete group receive advice from both them and external

national team/governing dees, yet often donot employ this adequately with Coach 1

stating o Wel | t hey shoul d hhelpthemtottevithkvhabtivdy e d g e,
should be eating and I |l ook at their diets,
try and swap things overéSo the knowl edge i
follow it very <Lonveisalyt nhagy,of the Paremtygroup plasaribe tvowd .

the Coach group are not adequately educated to provide this information and the deficit in

the Athlete group knowledge is attributable to this described by Parent2 6 You never
get a bad player, you get lsaad coach and so if the coach is not relaying the right
information it is going to go down into the
100 &0 Parent4d There really isndt enough out thert

her enough about nutfito n 6 .

4.3.5. Influerces on the EngagementhMuaking WeightPractices

The influences on the engagement nmaking weight practices are highlighted in

Appendix 34. The Athlete group synonymously describe coaches, training partners and

other competitorsas the main precipitators behind the motivation to engage in these
practices. Furthermore, Athlete 5 also repoftd: was ki nd of my mai n
selectionpolic es and Ol ympi ¢ wei ght indicatingethiptotiresee s don é
factors also infer influence. The Coach group, described as the main influence by the

Athlete group, in most instances acknowledge that this is correct. However, the Coach

group ale illustrate that the Parent group are another main mediator behind the influence

of Athlete making weight practices particularly when under the age of legal
responsibility. Coach 2 state&@ i f |l 6m being honest, parents.
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parent can motivate t hei randchlsislfudhertsapportedk e we i
by Coach 40 | t h adetkanddunior I€vel the parent plays a massive part because

they either make or break an athlete. They either push them to a pointiwhedes | ust , i t
wr ong, so | think sometimes i1itoés thie parent
Surprisingly this view is also confirmed by the Parent group, however, with many
describing how they have witnessed the extreme practices of othersmaihehcase of

Parentlol f ound out his dad had them on | axatiyv
we put a stop t @ndiParentsdd Irtad  hdi fafwiagull i kleédc ause
you that theyore f or cithegsotl thirkiwith atotofkldgitist o | o s e
p ar e nThe idjority of the Parent group also stress how coaches are still the main

driver in the influence on the Athlete group to make weight with Parent 3 remadking:

do believe that certain coaches who ueihce their policy to, as you can see some

coaches they go away or they go to alompetit.i

sat round and this is not Seniors, thisisdi or s and t heydére al/l desp
o p eamdParent 40 | klnioksee, some coaches say to them ¢
to drop them downdo so | do t hi n.kKurtbesigc hes so

the earlier point made by Athlete 5, a number of both the Coach and Parent group state

how national team seat@on policies are also a key driver in influencing practice, further
described by Coachl 6 Wel | within the national team it
perform at t he wei g handParerit 3tT hteh enyadtri eo nsad | et cetae
selection pbcies do have an influence. When you get selected to represent your country

you want to do it donét vyou? You dondt want

very difficult for them to resist doing it e

4.3.6. Perceptions of Coaches and Parents on a Need for Change

Appendix 33 further highlights the perceptions of the Coach and Parents groups on a
need for change. A number of the Coach graduress how they have little regard for
the currentmaking weight policies and provisions provided by both the national
governing body and respectiveational teams. Both of these stakeholder groups
synonymously express that the key to addressing the cultunalohgweightwithin the
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sport is a more detailed educational programme. However, despite this, there is disparity

in the wayeach of these groups perceive this information should be delivered, with a

number of ideas inclusive of lectures from experts, discussions, website materials etc.

which needs to be readily accessiblealb stakeholders. Intriguingjythe majority of

participants in both the Coach and Parent grobhlight that this education should be

primarily delivered to the coaches rather than directly to the athletes. When further

probed on the reasoning behind this Coach 2 expreddes: t hi nk t he coaches
gu dance. | f y o u 0 r unior|aayorie undey 18ayou aze infuertedtby  J
your coach, by your peers and parents, So i
age, that 6s wihaParent 3 réirdorcimg tmsgdeaby statidglhinktthat we

really, really need to start at the top with coaching. | think a lot of coaches need to
understand the nutritional advice should be
t he weight | oss thingds hercattimnstoay sheate.
have parents, coaches and athletes making informed decisions rather than what | see

t o d &igallypsome of the Parent group also comment on the current weight categories

and how change on a broader scale should be mediated diplbiaé federationin trying

to set a greater number of categories, particularly at the Olympic based events.
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4.4. Discussion

The main aim of thi€hapter was t@xamine the overarching perspectives of various key
stakeholderddentified in Chapter 3This wasto garner a greater understanding of
perceptions o the influences which encourage engagement in speuiiking weight

and nutritional practices, within th®lympic combat sport of TaekwonddVith no
apparent dierences in the perceptions of stakeholders based on grogexoall
participants synmymously confirm themagnitude and occurrence of BM losstdsat

have already been reported quantitatively amongst Taekwondo atbiatesn the
literature (see section 2.6) and alsoChapger 3 This data also affirms quantitative
findings highlighting differences between the BM loss amounts and practices among
combat sport athletes of differing age divisioashighlighted in section 2.6nd Chapter

3. However,interestingly it appears that this is being mediated by both the Coach and
Parent groupgather than by thAthletegroupthemselveper se further confirmingthe
findingsof Chapter 3.

Pettersson et al. (2012)nd Kristiansen et al. (2008hoted that despitethe stresses
induced bymakingweight practicesn combat sport athletethere is an acceptance that
these are normal part of the preparation process for compets@so highlighted in
other norcombativemaking weight events(Martin et al., 2017)An intriguing theme
emerging from this studyare the apparent differeeg in the perceptions ahaking
weightbetween the Coach group. This paradigm has been prgvexanined in a study

by Umoren et al. (2001who ako emphasised the differences between coaches with or
without prior competitive experiencdyighlighting no correlation between previous
competitor coaches and the advocation BM loss for competition Parent group
perceptions follow the same introspentias the Coaches group, which was particularly
stressed for those in the younger age divisions, in agreement with a stiigsmnger

et al. (1991)who highlighted the same parental perceptions for a cohort of youth combat
sport athletes. However, an interesting observation amongst the Parent group is an
understanding and in some cases a justificatbrvhy younger athleteseed to engage

in more extremenakingweightpractices as they progress throughout the age divisions.

125



This is only the second study to qualitatively provide detail as to why combat sport
athletes egage inmakingweight practices. Typically, the majority of the combat sport
literature describesghat these athletes lose BM for advantages in either statumb
length or for a greater power to mass ratio overooppts(Pettersson et al., 2013)
Whilst the results of thistudy agrees with this assertion, there is a clear division in the
Athlete group between thparadoxical desire to gain and/oeduce advantages in
physicality amongst competitors. It has also been demonstratedysly that not all
combat sport athletes believe that BM loss is tantamount to competitive s{Koebset

al., 2011) yet both the Coach and Parent group stakeholdarfirm in this study that

0 h e iagdd tr & are mportant for advantage in the sp@onversely tdPettersson et

al. (2013) none of the Athlete group expressed any positive associations via sporting
identity or mental achntage in regards to the practices of makirgght In parallel to
another enquiry byetterson et al. (2012xhe Athlete group describe their abhorration

in having to engage in BM loss for competition. Howeveagreementvith many other
investigations reported in the literature, all of the stakeholder groups identify thet this

an inherent part of the sports culture.

In conflict tothe findings ofPetersson et al. (20123l of the stakeholders platéttle
importance on the value of body physique, howegentradictorilythere were a number

of conflictions between stakeholder perceptions. Despite the Athlete group (independent
of seX describirg a dislike of their physique at differing stagasthe making weight
process a number of investigations have highlighted that combat sport athletest do
demonstrate any protracted body image dissatisfaction issugsriparison to normal
controls (Costarelli & Stamou, 2009; Filaire et al., 200Mpwever, this conflictions not
uncommon in those athletedios t r i v e f dKong&IHarresn2016)3he Coach
and Parent groups describenvoluted perspectives of athlete body physiduat are in
contention between the ideologies of both performance and health. Takmg int
consideration the similar perceptions wfaking weight practices, from a coaching

perspective this appears to be a classical example of espoused vs. enactddywalées
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Cushion, 2013)whereas many of the comments from the parent insights indicate more

indistinct views arising from cases of cognitive dissonaftesstinger, 1962)

The nutritional practices of the Athlete groagross a number offtering periods are in

stark agreement with the findings Béttersson et al. (2012Yyaried perceptions within

the group highlight fascinating insights into the struggle with post weigh in hyperphagic
behavioursand demonstrate the conflict between focusing on subsequent competitive
performance and reward. The discussion about the importarfagidofngestion and a

continual intake o€HO rich food sourcess again in agreement withe observationi

Chapter 3and alsoPettersson and Berg (2014he individual strategiesncluding not

eating throughout the gido manage competitive neryese similar to those described by

Pettersson et al. (20123long with the ideology thgtost weigh in period CHGood

sources are a frienget pre weigh in they are definitively an enemy to the primary goal

of losing BM. The description of rebound hyperphagic behaviours in the post competitive

period have been amacterised in the literature particularly after periods of semi
starvation(see section 2)9However, in specific cases, the descriptions of the Athlete

group exhibit signs of disordered eating habitharacterisedas common practice

amongst combat sporathletes(SundgotBorgen & Garthe, 2011)Highlighting an

individual case, a participant in the Coach group describes how they feel these processes

may contribute tdM gain later inlifex6 ét hi s i s another thing, wh
from Taekwondo and they had to lose a huge amount of weightjust balloon out for

some reasonél me a n-64lk gu saendd kthod mcodaBpAd tle tahte c 0 ¢
that used to compete in my time might be 20, even 30 kilos over the weight that they were
when they used to compete hygndog osuThikeppegar®tbhat st
to be a description of a previously characterised concept, where weight cycling is
postulated as a contributing factorRM overshooin subsequent middle agehich has

been linked to extreme depression and suicidal tendepcist competitive care¢see

section 2.9.

The majority of the Athlete group describe a paradoxical view of how they have an

adequate knowledge of nutrition, yet would seek to be further educated within the area.
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Disturbingly, there is limited awarenessf how to scrutinize ergogenic dietary
supplement usen agreement withhe findings of Chapter.3rhe majority of the group
statethey use thenlinewebsite Global Dro, which can only be employed for examining
medications and highlights the ptéude within this area, yet this is not uncommon
amongst elite sporting groug&arthe & Maughan, 2018Yhe nutritional decisions of

this group appear to be influenced by a number of multifaceted fastbish are
complex and dictate subsequent behavi¢Babal & Marquart, 1994)Factorssuch as
cooking skills, time and expense of eating healthily for competition, have all been
previously characterised in a host of athletic populati@iskenhead & Slater, 2015)
Athlete group descriptions of coaches and team mates being key influences in not only
their nutritional habitsbut also theimakingweight practices is unsurprisingiven the
multitude of research highlighting this ymymously amongst combat sports and also in
Chapter3. Alarmingly when further probed, mamyf the Athlete group state this is
because they perceived these stakeholders to be the foremost source of information as

previously describelly Marquart and Sobal (1994)

This study presents the first time that external stakeholder groups such as coaches and
parents have been qualitatively assessed for the actuality behind athlete views on their
implied influential behaviourwithin the sport ofTaekwondo The majority of the Coach

group agreedthat they have a substantiafluenceson t heir at hl et eso
making weight behaviours, in agreement witiWeissinger et al. (1993yho described

how many of the surveyed combat sport coaches in their study felt athérteforced to
engage in BM loss for competition. Furthermore, there is clealicior between both

Coach and &ent groups viewn both the coaches impact and knowledge of athlete
making weight and nutritional behaviours. In consensus, a number of studies have
highlighted that despite combat sport coaches being the primary source of both influence
and information for these factors in athletes, their beliefs, attitudes and knowledge does
not qualfy them to act adequately in this capaqi8ossin et al., 1997; Umoren et al.,
2001; Weissinger dl., 1993) Additional stakeholder groups comments on the inferred
influence of national team selection strategigsspite the progion of safemaking

weightpolicies, yet again implies organisationally mediated espoused vs. enacted values
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in ultimately driving the culture of makingeight within this demographi¢Fletcher &
Hanton, 2003; Gould et al., 200Bncouragingly both the Coach and Parent groups
perceptions that education is needed among stakeholder groups (coaches in
particular), is in consensus with previously described st§8iessin et al., 1997; Umoren
et al., 2001; Weissinger et al., 199)d alsoFranchini et al. (2012)who provides a

number of guidelines in order to achieve this aim.

45. Conclusion

The present study highlights for the first time the perceptions, beliefs, attitudes and
knowledge of key stakeholders on timakingweightand nutritionalpractices currently
undertakenwithin the sport of Taekwondo. Despite stakeholder understanding of the
psychdogical andphysiological stresses and potential dangers of current practice, this is
culturally inherentlue to the perception of gainiagd/or reducing opponeabmpetitive
advantagesind is unlikely to desist in the future. There are obvious convoluted ideals
between both coach and parent views in regardsispwith both espoused vs. enacted
values and cognitive dissonance betigplayed Despite both theAthlete andCoach
groups believing they have an adequate knowledge in the areas of mesigig and
nutrition, there is a genuine desire to gain an enhanced understanding, with all
stakeholders agreeing that a change in approach to current practice is Adlegtedps
describe the need for thmationaland globalgoverning bodieso address this issuby
providing a better level of education for those stakeholders engaged in égirathice

and advisement of makivgeightfor competition

129



CHAPTER 5.

Magnitudes of Body Mass LosBetweenOlympic and
World Weight Categories andMeasurement of Body
Composition Indicesin International Standard
Taekwondo Athletes
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5.1. Introduction

A number ofstudies highlighted in Chapter (ee section 2.8) and the data from
Chapters3 and 4,haveemphasisethe makingweight practices of international standard
Taekwondo athletessiven the official weigh in is held the day before competition, it is
common fortheseathletes to lose BM to compete in the lowest weight category possible,
in the belief of gaining competitive advantages in stature, limb lengtb@merto-mass
ratio. Chapter 3demonstrate that Taekwondo athletdsse differing magnitudes of BM
dependent on their targeted WT or OG weight category, rangingupotn 7-10% and
16-18% between sexesrespectively These resultcould be considered unsurprising
given theOG weight categories have some of theyestcategorydifferences between
combat sportisciplines(see Table 2.7)Examiningthe BM loss requirerants of those
athletes wha@ompete irthesediffering weight categories is crucial understanding how
this may be achieved and in consideratiorthef next day reweigh in ruling limiting
gains in BMto 5%.

Chaptes 3 and 4 highlighted that typically thesBM losses areaccomplished in both
acute and chronic timeframes, via restrictiorEbfind increasedEE, concomitant with
both active and passive dehydration technigqueserging euwlence suggestshat
reductionsin EA, may manifest into REES syndromescausinga range of health and
performance related consequenseesection 2.8). On this basis, its vital for these
athletesto compete in the most appropriate weighegaty in relation td-M, with the
lossof FM beingregarded as the rapefficient way to reducBM (LanganEvans et al.,
2011) To assesshe potential for reduction ithese tissues, mutiompartmentabody
composition measures suasDual X-Ray Absorptiometry (DXA)re recommended as
the referene assessment method in athletic populat{sessection 2.21). Given DXA
allows the examination of tissues in specific body regitiis canbe useful tchighlight
intra/inter weight category differen€@nd is crucial in providing key informationto
prescribeEA status foitraining and nutritional interveioins whentargetingeffective BM

losses.
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In a sportspecificcontext, more practical methods of body composition analysis such as
ant hr op eknassessmeats and subsequent use of prediction equations to estimate
FFM and FM%are more commonly utiliseih the field V ar gkopuedictior
equations have been implemented in a number of studies examining the body
composition of international standard Taekwondo athletes of bexis (seesection

2.21). Given may of these equatioraften derived from hydrodensiometry conducted in
general populations, there is limited scope for their use in athletic demographics. As such
there is a large disparity between FM% exhibited acrossetbearchiteratureand an
exami nat i o & equationwiay prokiide xhe most valid assessment of FM% in

relation to a criterion method such as DXA is warrariBritige et al., 2014)

Thereforethe primaryaim of the present study was to examine the BM loss requirements

of international standard Taekwondo athletes for their respective WT and OG weight
categoriesn the daysrior to a competition weigh in, whilst concurrently assessing body
composition wutilising betAsetdxdary amwas wnt hr op
establish DXA derived values of whole and regional body composition in these athletes,

whilst comparing thevalidity andaccuracy of FM% established from several commonly

ut i | ékrpredictiorn equationselative to DXA as the criterion method.
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5.2. Methods

5.2.1. Participants

Eighteen male Taekwondo athletes (10 Caucasian/8 Black ethni2idies 4years old,

72.0 £ 11.(kg, 182.8 = 5.Zm) participated within the study on the basis of the following

inclusion criteria:(a) >17 years and <35 years of agle) minimum of 1st Dan grade

and(c) >3 vyearso6 international competition exp:¢
weight category in which they were entered ¢ompetition and were then sub divided

based on their elected OG weight category resulting in sever38kd), six Feather {

68 kg) and five Welter-80 kg) athletes, respectively. All participants were informed of

the test procedures and potential risks, written informed consents were obtained and the

study was conducted in accordance wita Liverpool John Moes Universityresearch

ethics committee approval.

5.2.2. Procedures

Body composition was measured via DXA (QDR Series Dispp\A, Hologic Inc.,
Bedford, Massachusefts)SA - software version 12:4:3) using a fan beam, whole body
scanning mode and dabdtaned utilising the DXA Best Practice Protod®lana et al.,

2015) Prior to scanning, participantseve requested to void their bladder/bowaitsl
remove all clothing/jewelleryapart from any undergarments. Statwa&s measured to

the nearest 0.tm using a free standing stadiometer and BM determined to the
nearest 0.0kg on digital sckes (Seca 702, Seca GmbH, Hamburg, Germany) for entry
into the DXA software system. Both the stadiometer and digital scales laeszipn a

level surface and participants instructed to remain still during measurements. Positioning
on the stadiometer reqad feet together, with the posterior segments (heels, gluteals,
upper back) touching the measuring ruler. Participant head position was neutral (looking
directly forwards) and with inhalatiogxhalation prior to moving the sliding arm to the
crown of the head. DXA system calibration was carried out using an anthropometric
spine and step phantomith a subsequent radiographic uniformity test. Participants were

then positioned on the centre of the DXA bed, traction of both the neck and legs was
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performed to ensure linear spinal alignment, hands were positioned at the side of the
participants hipseparated by EVA foam padding and feet were turned inwards to the

centre line. Once positioned, participants were instructed to remain as still asepfwssibl

the duration of the scan. Whole body DXA data includhdC andBMD (individual Z-

scores) LM, FM and FM% are reported as the-tatiél value (minus the heads this

component measure of DXAepresents stronger associations and reduced measurement

error than with DXA defined total valug$Vallace et al., 2008Regional DXA data were

segmented into trunk and both upper and lower dominant andommant limbs. All

DXA positioning and subsequentc & n anal ysesbé6 wer e compl et

experienced technician.

Anthropometricx skf measurements were obtained according to the recommendations of
the International Society for the AdvancemenKaianthropometry (ISAK)Stewart &
Marfell-Jones, 2011yia anaccredited practitioner using skinfold callipéksarpenden,
Baty Int., WestSussex, Great Britajrirom eight sites (biceps, triceps, subscapular, iliac
crest, supra iliac, abdomen, quadriceps and,aalfich were identified and marked prior

to the commencement of measuremdtdch site wasassessedequentially and then
repeated. The eaqgx(Rdlly et mals 20@9f DurfMre and Waormersley
X4skf (Durnin & Womersley, 1974) Jackson amkd& ®o(Jatksoo & x
Pollock, 1978) E s dsko& 2%« (Eston et al.,, 20059 n d = Wi trshr BMitheers et x
al., 1987)were all employed to predittody densityand when required, calculations of
FM% were predicted using the equations of #itih(1961)andBrozek et al. (1963)

All procedures were performed within fodays of a competition weigim and between
9.0010.00amto minimise the impct of diurnal, environmental arichining factors on
within-subject variability. Participants were requested to attend the laboratory after a 12
hour fastinclusive ofno fluid ingestion ando refrain from exelse the day prior to

assessmeriNana et al., 2012)
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5.2.3. Statistical Analysis

Descriptive statistics were provided for all variables (mean = SD) and data was explored
for normality using box plots. Statistical comparisons between weight categories were
performed utilising a one way between groups ANOVA and where significant main
effects were present, Bonferroni post hoc analysis was conducted to locate specific
differences including 95% CI. Additionaly¢ o h e a éffect sizes (ES) were also
calculated utilising the following quantitative criteria to explain the practical significance
of the findings trivial <0.2, small 0.210.6, moderate 0.61.2, large 1.211.99, and
very | a(Hapkns & al., 2D09)For differences betweddM lossin the WT/OG
categories and LM/FM between dominant/radominant limbs, paired -Tests were also
performed. The strength @fs soci at i Qs indiedual 8K sites >andXA -

FM% was assessed using Pearsgrcdrrelation analysis. Least squares regression was
used to assess validitwhere DXAFM% was regressed individually against each of the

t e ke PM% equationgHopkins et al., 2009)Fixed bias was assessed by determining
whether the intercept for the regression was different from zero and proportional bias was
deemed present if the slope of the regression line was diffecantdne. Random error

was quantified using standard error of the estimate (SEE) from the regression. Predictive
accuracy of each equation for individuals was calculated and evaluated based on the
mean of 95% prediction interval (95% PI) for each regressiqnation and the
acceptable anthropometric error rate of 3.5% was set in line with previous suggestions
from (Lohman, 1992) Statisticalsignificance was established at an alpha levgb ef

0.05 and all statistical analyses were carried sutguSPSersion 24 (PASW, Chicago,
lllinois, USA).
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5.3. Results

5.3.1. Comparative and Pairwise Characteristi@&dyMassLoss Requirements and

Anthropometric Profile Analysis

Table 5.1 highlights the athlete characteristics, BM loss requirements and
anthropometric profiles for each participant, both individually and collectively. There
was a significant main effect of age £ 0.02), staturep(= 0.002) and body masp €
0.001) betweerathletes in the differing weight categories. Differences in age were
present between the Fly athletesio were 5 years younger than the Feather (95%-Cl =
8.42 t0-0.05, ES = 2.24p = 0.04) and Welter athletes (95% C}8&98 t0-0.17, ES =
1.71,p= 0.0) and also stature, where the Welter athletes wérem taller than the Fly
(95% CI =-15.0 t0-3.61, ES = 2.36p = 0.002) and Feather (95% CI-£2.70 t0-0.92,

ES = 2.54p = 0.02) athletesBM differed by 1016 kg across all athlete cajeries p <
0.001).

There was no significant main effect in the amount of BM loss required between WT
categoriesf = 0.23). Howeverthere were significant differences in the amount of BM
loss required for the athletes respective OG weight categprie®.02). Athletes in the

Fly category needed to los&k§ less than the Feather athletes (95% CI = 5.67 to 1.69, ES
= 1.86,p = 0.01) and despite no significant differenget moderate effect sizes (ES =
0.94,p = 0.28),2.5 kg less than the Welter athds. This was also the case between
Feather and Welter athletes (ES = 1[46,0.59). Considering athletes collectively, there
weredifferences (95% CIl =4.79 to-1.45, ES = 1.24p = 0.001) between the BM loss
requirement to meet their elected WT and OG weight categories. However, examining
weight categories individually, this was only highlighted in the Feather athletes who
needed to lose an additionak§ of BM (95% CI =-7.57 t0-2.43, ES = 2.49 = 0.004).
There were ndalifferences in the Fly (ES = 0.4B,= 0.42) and Welter (ES = 2.14,=

0.07) athletesdespite needing ttose an additional 1.0 and 3kg of BM for their OG

categories, respectively.
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Table 5.1 Comparative characteristic8M loss requirements and anthropometric profiles of male intesnatilevel Taekwondo athletes.
Athletes are sectioned into their respective OG weight categories with individual regular WTcagglory information in parentheses

CATEGORY AGE STATURE | BODY MASS TIME TO WI WT oG DXA WB-BMC/D DXA WB-LM DXA WB-FM DXA-FM X 8SKf
(Years) (Cm) (Kg) (Days) (Kg) (Kg) (Kg) [Z-Score] (Kg) (Kg) (%) (Mm)
FLY -58 kg b b
1 (Fin -54 kg)- Black 17 169.5 53.8 1 0.0 0.0 2.03[0.5] 42.6 51 10.3 43.2
2 (Fin -54 kg)- Caucasian 17 183.5 57.2 4 3.2 0.0 2.16 [0.0] 46.6 4.9 9.3 36.3
3 (Fly -58 kg)- Caucasian 20 179.0 58.9 2 0.9 0.9 2.25[0.2] 48.6 4.7 8.4 36.2
4 (Fly -58 kg)- Caucasian 17 182.5 59.2 4 1.2 1.2 2.03[0.0] 49.1 4.7 8.4 35.7
5 (Fly -58 kg)- Black 17 180.4 59.6 4 1.6 1.6 2.52[0.5] 49.2 5.0 9.3 40.4
6 (Bantam-63 kg)- Black 17 178.5 64.9 2 1.9 6. 91 2.45[1.5] 51.8 7.2 12.2 60.3
7 (Bantam-63 kg)- Caucasian 17 182.0 65.0 1 2.0 7.0 2.43[1.3] 52.8 7.1 114 57.3
MEAN + SD 17+1° [ 179.3+4.7] 59.8+4.6° 3+1 15+1.0 | 25+3.9 2.27+0.5¢ 48.7 + 3.4¢ 5.5+ 1.¢ 9.9+15 | 44.2+10.4

FEATHER-68 kg

8 (Feather-68 kg)- Black 17 180.0 723 4 4.3 4.31 2.58[1.6] 60.7 5.9 8.7 42.9

9 (Light -74 kg)- Caucasian 21 185.0 75.3 4 1.3 7.3 2.89 [1.6] 62.7 6.0 8.4 39.6
10 (Light-74 kg)- Black 22 180.5 74.4 4 0.4 6.4 2.98 [2.7] 59.7 7.7 10.8 50.8
11 (Light-74 kg)- Caucasian 21 1835 75.1 2 1.1 7.1 2.71[1.3] 61.3 7.8 10.8 54.2
12 (Light-74 kg)- Black 27 179.0 785 4 4.51 10.5 2.81[1.3] 65.0 75 9.9 43.9
13 (Light-74 kg)- Caucasian 22 183.0 77.2 4 3.2 9.2 2.99 [1.7] 64.6 8.2 10.9 525
MEAN = SD 22+3 | 181.8+2.3] 755+2.2 4+1 2.5+1.8 | 7.5+2.2+ 2.83 +0.2° 62.3 + 2.2° 7.2+0.9 99+11 ]| 47.3%6.0
WELTER -80 kg

14 (Welter-80 kg)- Caucasian 18 189.5 83.1 4 3.1 3.1 2.90 [1.6] 675 9.0 113 63.0
15 (Welter-80 kg)- Caucasian 28 187.3 82.4 4 2.4 2.4 3.01[1.9] 67.0 9.0 11.4 61.9
16 (Middle-87 kg)- Caucasian 21 187.0 86.8 2 0.0 6.8 3.36 [4.4] 69.8 9.4 11.3 61.2
17 (Middle-87 kg)- Black 23 186.0 85.7 3 0.0 5.7 3.38 [1.5] 72.0 7.2 8.7 42.7
18 (Middle-87 kg)- Black 20 193.4 86.9 4 0.0 6.9 3.76 [2.5] 715 9.0 10.6 51.7
MEAN * SD 22+4 | 188.6+3° | 85.0+2.1 3+1 1.1+15] 50+2.1 3.28 + 0.3 69.6 + 2.2 8.7 +0.9 10.7+1.1] 56.1+8.8
ALL CATEGORIES MEAN * SD 20+4 | 182.8+52] 72.0+11.0 3+1 1.6+16 | 4.6+3.8+ 15+1.1 53.6 + 18.6 6.4 +2.3 9.3+28 | 48.6+8.7

b significant main effect of between weight category differences p <®l6botes sigificant difference to Fly-68 kg) weidt division p < 0.05.
bdenotes signifiant difference to Feather@8 ky) weight division p < 0.05.denotes signifiant difference to Welter§0 ky) weight division p < 0.05tsignificant
difference between amount of body mass loss required for tespgce  WT and OG wei ght categor i BMreweigkindlowansee 1 denot e
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Concomitantly with BM values, there was a significant main effect observed when
comparing DXA derived whole bodgMC (DXA WB-BMC), LM (DXA WB-LM) and

FM (DXA WB-FM) between athletes in the differing weight categones (0.001). Fly

athletes displayed WBMC valuesO.5kg | ess than the Feather (9
0.21,ES=28p=0.002)and1.86g | ess than the Well64,ES (95% C(
= 3.96,p < 0.001) athletes, whereahe Feather athletagere 0.5 kg lower than the

Wel ter (95 %-007, ES=117H = B02) athletes. For measures of WH,

Fly athletes presented valuels3.6 kg lower than the Feather (5% €I 1 13. 70 t o 1. &
ES=475p<0.001)and 20.&g | ower than the Welter athl et
1.59, ES = 7.30p < 0.001). Interestingly, Feather athletes presented values that were
only73kg | ower than Wel ter atE5e8p=000F5.% ClI =
Finally, for measuresf WB-FM, Fly athleeswere 1.7 kg lower than the Feather (95%

Cl = 1T1.65 t op=0.0F and 3.ZjIower thah thé W/elter athletes (95%

Cl = 17T3.16 t op<®M.0@EBTherevilas a=mean. k® 8ifference between

the Feather and Welter athletget this was nossignificant despite a large effect size

(ES = 1.67,p = 0.07). Therewere no differences inDXA-FM% (p = 0.54) between

athletes in the differing weight categories with an average of 9.3 £ 2.8%.

With values varying by 3:11.9 mm across weight categories, there was no significant

mai n e fgik@pc=10.09) despite a large effect size (ES = 1.24) between the Fly and

Welte at hl et es. There was a strongsscand rel ati v
DXA-FM% (r = 092, 95% CI = 0.78 to 0.9 < 0.001), which was also present when

athletes were distributed into either Black=(0.88, 95% CI = 0.46 to 0.98,= 0.004) or

Caucasianr(= 0.96, 95% CI = 0.85 to 0.99,< 0.001)ethnicities.Table 5.2highlights

each individual regional (torso and upper/lower limbs) SKf agsociation with DXA

FM%, demonstrating all locations were positively correlated. Individual S&f silues

and 95% Clivaried with the highest correlations between DKM % positioned in the

torso (iliac crest, supraspinale, abdomen) and lower limbs (anterior thigh, medial calf).
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Table 5.2 The relationship (r) and 95%I between DXA-M% and individual SKf sites
in male international level Taekwondo athletes prior to competition.

SKf SITE DXA-FM% (r) 95% CI

Bicep 0.68 (p = 0.002) 0.31:0.87
Tricep 0.67 (p= 0.003) 0.300.80
Subscapular 0.66 (p = 0.003) 0.280.86
lliac Crest 0.76 (p <0.001) 0.460.91
Supraspinale 0.80 (p < 0.001) 0.530.92
Abdomen 0.77 (p < 0.001) 0.480.91
Anterior Thigh 0.77 (p < 0.001) 0.47-0.91
Medial Calf 0.71 (p = 0.001) 0.350.88

5.3.2. Comparative and Pairwise Regional Body Composifioalysis

Regional differences in LM and FM between athlete weight categories are presented in
Table 5.3.

Dominant and Non Dominant Arm Lean and Fat Masses

There weresmall differences between the dominant (D) and nordominant (NDA
LM) arm LM of athletes in the Fly (95% CI = 0.08 to 0.39, ES = (0320.01), Feather
(95% CIl = 0.03 to 0.27, ES = 0.49 = 0.03) and Welter (95% CI = 0.00 to 0.15, ES =
0.40,p = 0.04) categories. However, this was not the case for the dominarfENDAr

nondominant (NDAFM) arm FM between athletes of all the respective categories.

There was a significant main effect of AVl between athletes in the differing weight

categoriesf < 0.0QL), where Fly athletes had 1kgy and 1.5kg less mass than Feather

(95% CI = T11. 10p<0d0olpand?Velter (B5% C+2.531085.91, ES =

7.44, p < 0.001) athletes, respectivelDifferences betweerNDA-LM, were also

apparent betweeweight categorie¢p < 0.001). Fly athletes hatll kg and 1.7kg less

mass than Feather (95% p&0.00%) andWelterQ95% €1=0. 1 6 , E
T1.69 to 0. p60.00B &thletes, Wreds Geathdtades had 0.&g less

mass than Welter athlete5(% C | = 10.60 p=»0.009).Therewas8so= 1. 79
amain effect of DAFM across al l at hlpe& 0.04)06Flywthletes h t cat e
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had0.1kgand 0.3kg | ess mass than Feather (pE5% CI =
0.008) and Welter (95% Ql<O0#801l)athletespwhereas 0. 0 4,
Feather athleteshadlkg | ess mass than Welter athletes
1.79, p = 0.02). Differenceswere also present for NDAM (p = 0.004), whereFly

athleteshad Okgand0.Xg | ess mass than Feather (95% ClI
p=0.04) and Welter (95% CIl p < 0.000 atBl&des,t o 0. O
respectively.Despite a 0.kg difference in NDAFM between thd=eather and Welter

athletes, this was none significant regardless of a large effect size (ES p43.82).

Trunk Lean and Fat Masses

There were significant main effects between trunk lean (TRUINK (p < 0.001) and fat

(TRUNK-FM) (p = 0.001) masses. Fly athletesdh6.7kg and 10.&g less TRUNKLM

t han Feather (95% CI p < 0.001) and Welter (98% €l16=, ES =
1T10. 77 to 1peQaQol) &tldetes, whereds Feaththletes had 4.kg less

TRUNK-LM thanWe | t er at hl etes (95% @EFEO0.0G04)iTHerel 0 t o 1
were only significant differences in TRUNRKM between Fly athletesvho had 0.9kg

and 14kg | ess mass than Feather (pP5003)@id = 1 0. 8
Wel ter ( 237% 030, ES= 212p,=0.001) athletes.
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Table 5.3 A comparison of DXA derived regiorlall and FMbetween male
international level Taekwondo athletes in OG weight divisions.

FLY -58 kg FEATHER -68kg | WELTER -80kg
(h=7) (n=6) (n=5)
DA-LM p 2.90 + 0.25%+ 4.00 + 0.56+ 4.43 + 0.19+
NDA-LM p 2.67 +0.16° 3.76 + 0.48° 4.36 +0.15
DA-FM p 0.35 + 0.08° 0.48 + 0.08° 0.61 + 0.09
NDA-FM p 0.35 + 0.08° 0.46 + 0.09 0.58 + 0.06
TRUNK-LM p 24.63 + 2.2%F 31.29 + 1.3¢ 35.39+1.06
TRUNK -FM 2.21 + 0.46° 3.08 +0.36 3.58 +0.73
DL-LM p 9.31+0.7% 11.70 £ 0.76 12.73+1.13
NDL-LM p 9.15+0.7%° 11.59 + 0.57 12.64 +1.13
DL-FM p 1.34 +0.4% 1.61 +0.32 2.03 +£0.27
NDL-FM p 1.29 +0.30 1.56 +0.27 1.97 £0.25

b significant main effect of beter weight category differences<@.05.2denotes significant difference t
Fly (-58 kgy) weight division p< 0.05.Pdenotes significant difference todther (68 kg) weight division p
< 0.05.¢denotes significardifference to Witer (80 kg) weight division p< 0.05. +significant difference

between dminant and nordominant limbs p< 0.05.

Dominant and Non Dominant Leg Lean and Fat Masses

There were ndlifferences between the dominant {QM) and nordominant (NDL-LM)
leg LM, or the dominant (DLFM) or nondominant (NDLFM) leg FM between athletes
of all the respective weight categorieshich was additionallyconfirmed by trivial to
small effect sizes.

There was anain effect of DL-LM (p < 0.001), where Fly athletémd 2.4kg and 3.4kg

less mass than Feather (9% = 1 2. 39 t op<®.0M)3&and Welgr (85%3 . 2 1,

Cl = -3.43 to 0.50, ES = 3.6(h < 0.001) athletes, respectively. There was also a

difference inNDL-LM between athleteacrossweight categoriesp(< 0.001). Fly athletes
adsohad2.&«gand3.%g | es s P95% ClI

< 0.001) Wel ter (95 %<@d01) athleteS Ther@wasa 0. 48,
significant main effect of DIFM (p = 0.02), wherd-ly athletes had 0.kg less mass than

Wel ter (95% CI = 1T 0p=6091) atideted. DeZite no Bighificen T 1. 9 9,

in DL-FM between the Feather ahdelter athletes there was a large effect size (ES =

mass than Feather

and

1.42)due to a 0.4 kg difference in mab4ain effects were also present for NEHM (p =

0.003). Fly athdétes alsohad Okg | ess mass than Welter athle
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0.16, ES = 2.4y = 0.002) and again despite no significance there was a large effect size

(ES = 1.58)given a 0.4 kg mass differenbetween the Feather and Welter athletes.

5.3.3. Body Composition Method Cparison Regression Analyses

Utilising least squares regression analysis, the slopes, intercepts and the SEE together

with 95% PI for comparison of body composition methods are presentedbia 5.4 and

Figure 5.1 AJ. Therandoner r or a s s o c i satFM% predictionhequatiarc h %

were relatively similarwi t h t he smal | est vi&i ancethebamésng 0. 65
bei ng 0.3%5& Bfodel).PThel®©5% PI for each equation were also similar in

magnitude with the higlset b e i n g 3&.&Bdzek) dnd Pwegt 1.39 (Withers

X 75Kf).

Estimatesof FMlo usi ng bot h t h esske(Rigura tA)o nasn dozkk sReoinl | By
(Figure 1B), showed the least amount of both fixed bias with the intercept being closest

to zero ad proportional bias with the slope of the respective lines being closest to one.

The slopes and positions of t dxrepredcaianr e s si on
equations irboth Table 5.4and Figure$.1 GJ, providestrong evidence for the presenc

of both fixed and proportional biasekat result in conflicting values of FM% compared

to DXA. There was an unacceptable level of fixed biaaging from the highest 7.19

( J & B« &Siri) to the lowest 3.600&W Fasks & Brozek) and also an unacceptable

level of proportional bigsr angi ng from t hes&®wzeltothe. 53 (J &
highest O0.7sk)03 (Wit hersx
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Table 5.4. Least Squares regression analysis (r) of the slopes, inter&pEgand the mean of the 95% RF DXAFM% vs. FM%

predicted from xSKf equations in male internatio

METHOD MEAN = SD SLOPE INTERCEPT SEE r MEAN 95% PI #
DXA 9.3+28 - - - - -
Eston et ad. (200 10.0x1.2 0.91(0.621.21) 0.94¢2.053.91) 0.68 0.85* (0.640.94) 1.60 (3.19)
D&W Tlaskr @974) & Brozek (1963)| 9.7+1.5 0.66(0.410.92) 3.60(1.126.08) 0.76 0.81* (0.560.93) 1.63 (3.26)
Reilly et al. (2009)i x asks 9.3+0.9 0.95(0.611.30) 1.05¢2.264.36) 0.74 0.82* (0.580.93) 1.54 (3.08)
D&W Taski @974) & Siri (1961) 9.1+1.7 0.61(0.370.84) 4.50(2.316.68) 0.77 0.81*(0.550.93) 1.65 (3.29)
Withers et al. (1987)i x 7sks 7.7+13 0.73(0.510.96) 4.27 (2.47¥6.07) 0.65 0.87* (0.670.95) 1.39(2.78)
Eston et al. (2005) Fessks 6.7+1.4 0.66(0.320.99) 5.62(3.317.93) 0.90 0.72*(0.380.89) 1.89 (3.77)
J&P 1 F7ski (1978) & Brozek (1963) 58+1.2 0.72(0.470.99) 5.79 (4.267.33) 0.72 0.83* (0.600.94) 1.64 (3.28)
J&P T E3ski (1978) & Brozek (1963) 56+1.4 0.53(0.230.83) 6.86(4.988.75) 0.95 0.68* (0.3:0.87) 2.03 (4.05)
J&P T F7ski (1978) & Siri (1961) 49+13 0.67(0.420.92) 6.69 (5.378.00) 0.75 0.81* (0.560.93) 1.69 (3.38)
J&P T F3sks (1978) & Siri (1961) 4715 0.58 (0.360.79) 7.19(6.0#48.31) 0.74 0.82* (0.570.93) 1.64 (3.28)

p significantly correlated with DXA# Pl ranges may be calculated by multiplying the 95 % Pl interval by 2 (Ranges are in parentheses).
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Figure 5.1 Least squares regression plots of DRK % vs. x sk FM% prediction
equations in male international level Taekwondo athletes.

Plots indicate line of Unity (broken line), line of regression and $3%solid outer
lines).
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5.4. Discussion

Themainaim of this study was to evaluatee body composition indices of international
standard Taekwondo athleteslising laboratory and field based methaatsd absolute
BM losseswhen reuired to make weight for OG or WT categoriés. highlighted in
Table 5.1 4 daysup to 24 hourgprior to weighing in for their respective WT categories,
collectively these athletes nestito lose anadditional range of 0.0 to 4/ of BM.
Consideringghe new reweigh in ruling, only 3 (17%) of the athlete group are above the
5% BM restriction for their elected WT weight category, exceeding this by a range of 0.9
to 1.3%. Alarmingly, if these athletes werxjuiredto weigh in for their resgctive OG
weight category the range of BM lossincreases from 0.0 to 10.kg. Again,
acknowledging the new 5% BM -geigh in ruling, 11 (61%) of the athlete group
(including 100% in tk -68 kg Feather category) would be above this limit by a range of
1.3 to 10.4%.Highlighting individual casesathletes 6, 7, 10, 11, 13, 16 and 18 could
potentially attain additional BM losses via FM, throwmprolongedperiod of energetic
deficit. Howeverdespite this, these athletes would still require exaceudasses beyond
5% BM, needing to implement acute dehydration or losses in LM due to reacbg a
threshold of essential F4ee section 2.7Emphasising another specific case, athlete 12
would require a 9.5% acute loss of BM beyond what coulcche@ed via manipulations

to theirBM tissues

There have been a number of position stands and research articles encouraging combat
sport athletes not to exceed these recommended thresholds of Hivhiaraehydration

to <5% of BM (Franchini et al., 2012; Oppliger et al., 1996; Reale et al., 2017b)
particularlydue to a number of deathmsnumerous combat sport disciplineger the past

three decades(see section 2.6)Numerous studies examiningA/RWL techniques
including energetic restriction and dehydratibave highlighted the negative impact on

both performance angsychdogical, physiological, endocrine and immune functionsin

range of combat spor{&s highlighted in section 2.@jighlighting a potential forLEA
potentiallyleading toRED-S consequencesndependent othis, it is clear that to attain

their elected OG weight category, a large proportion of the athlete group in this study
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would need to accommodate a chronic period of LEA and acute use of extreme

dehydration techniques beyond a threshold of 5% BM loss, iatiwoalof the newuling.

This study is the first to characterise both the whole body and regional indices of
BMC/D, LM, and FM% utilising DXA in male international Taekwondo athletes, across
weight categories andirectly prior to a competition weigin. As demonstrated iffable

5.1 BMC, LM and FM differed between all athlete categories. Interestingly, all athletes
displayedpositive BMD based on individual -5cores ranging from 0.0 to 4.Zhese
results may potentiallgupport the ideahat the negtive associations dobw BMD are

offset by the osteogenic stimulus provided by the athletes traauiigties (Seo et al.,
2015) although further evidence is required to substantiate #mether intersting
observationhighlights the BMD of the differing athlete groups increases from the lower
to higher weight categories, in support of research showing that combat sport training is
favourably associated with increases in BMD concurrent with(laget al., 2017; Nasri

et al., 2015) It is unsurprising that whole body and regional indices of LM and FM vary
between groupgiven the differences in BM. However, the Feather and Welter category
athletes display values which are in stark contrast t&ltheategory athletes, potentially
being attributed to differences in age and therefore maturation fiédlisa & Geithner,

2011) Wheremost of the athletes are at a lower tier of FM as they approach the
competition weigh in, again the Fly athletes are lower than their older counterparts and
the FM% between the athlete categoriemas different in disagreement with athletes
from other sportgMilsom et al., 2015put not uncharacteristic of this age demographic
when training(Malina & Geithner, 2011)Closer examin&n of the dominant and nen
dominant limbs of this athlete group Table 5.3,indicate that both the indices of LM

and FM in the leg region are in balance across all categaiieseas LM is higher in the
dominant arm. Yet again, this is unsurprising egivthe technical and tactical
requirements of the sport where punching actions are generally only performed on the
dominant arm to the opponents trunk dadking actions are required in attack and
counter motions to the trunk and headymmetrically withboth limbs (Falco et al.,

2009; Kim & Kim, 2010)
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Due to the aforementioned BNbss requirements as being a key component in the
measurement of EA status, the abilityebceaminebody composition accurately based on
indices of LM and FM is therefore vital for this athlete group. As DXA allows both
whole body and regional assessmenmtsoaly composition tissugi could be regarded as
anideal tool to achieve this aim, however, its gae be contentiouseesection 2.21).

As such a high frequency of DXA utilisation canralways be employedhe useo f skr E
across varying upper and lower sites, can be implemented more periodically with a higher
degree of measurement accuracy than with the addition of FM% prediegti@ations
(Johnston, 1982)In support ofReilly et al. (1996) this study demonstrates the
importance of lower limb individual SKf measurement sitgen the strong coelations
highlighted in Table 5.2 The assessmemnt f body composskinithen ut il i
study, did have strong associations with DX\ % independent of ethnicity, however
despite thisjt only gives a limited view of the adjustments to both LM and FM tissues
particularly in varying bdy regions. Evidently, a conjoined approach of utilising both
DX A adxthetidds would aid in making calculated and informed gaumts about

an at hl et eréduce BM andichievie a spectfioweight categomhe findings

of this study indica® t h at  osf equatiors examined, ight of these provided
unreliable estimations of FM%. Assessed via least squares regression, only the Reilly
xsskra N d  E skiequatiorBrovide measurement datahich can be deemed as both
valid and accuratin tandem with DXA as the criterionethod (see Figurg.1 A & B).

With both of these equations being generated from DXA derived models, conducted in
athletic populations and including lower limb measurement sites, it is foreseeable as to

why they fit the participant population within this study favourably.
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5.5. Conclusion

This study has highlighted for the first time the requirement of BM loss for international
standard Taekwondo athletes competing in two differing WT@@dweight categories.

Where the losses for the WT categories are relatively small preceding the competition
weigh in the magnitudes of requirement for the OG categories are concernedlfidarge
agreement with Chapten.3This highlightsthe necessity fothese athletes to engage in

BM loss practiceswhich may be harmful to both health and performance and also the
increased potential to violate tb& BM reallowance rulingAlso for the first time, this

study provides both whole body and regional indices of body composition in thigathlet
populationwithin close proximity of a competition weigh inhighlighting differences
between categories and the distribution of BMCIM and FM%. The BMD ZScore

values of this athlete group were positive, highlighting no apparent negative asssciation
of BM loss, although further work is requirestamining longitudinal effectssiven that

BM differs between categorigi$ is understandable that concurrendgdo values of LM

and FM basedonage.n t hi s study ikFV% equatioos weefludgech e t en
to have acceptable accuracy based on the same measurement obtained via DXA. To that
regard t he skoarehnetrrecommentied forxuse in this athlete population,
especially given they are often habitually employed in both the appliedesedrch
arenas, highlighting the need to approach any studies which have been conducted

utilising these measures with caution.
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CHAPTER 6.

Comparisons ofPerceptual, Physiological and Energy
Expenditure Measurement During Smulated
Taekwondo Competition Bouts:
Influence of Differing Activity:Recovery Ratios.
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6.1. Introduction

Chapter 2(section 2.p alongside Chapters 3 and Rave highlighted international
standard Taekondo athletes engage making weight practices to reduce BM for
competition. Additionally, thes€haptershave also elucidated that Taekworatbletes
particularly engage in chronic BM loss via reduction&lrand increasein AEE. These
practicesmay lead to periods ofEA, increasing thepotential for negative REES
consequences oboth health and performance. For the assessment of EAsstat
practitiorers need to examine the EI an&R alongside measurements of FFM. Chapter
5 has provided gractical solution for field base@gxamination of body composition,
however, understanding the energetic demandsspdrt specific activities is vitalin
formulating BM loss strategieshich are periodisedo limit the negatie associations of
LEA leading to RED-S. Numerous sudies (see sections 2.4.3 and 23 have
demonstrated the challenges of studymegtalwlic and physiological resporseuring
both Taekwondo training and competitive boansl to datefield based measurements of

AEE have not yet been established.

Portable actigraphwtilising both combined HR and accelerometry presents an interesting
possibility for the measurement of AEE in Taekwondo training and competition
activities The Actiheart (Camiéch Ltd. Papworth, UK) is a combingdR and
accelerometegr unit that is @signed to be worn on the chest, which combats the
limitations of most othepotable actigraphynonitors worn at the hjpvhich donot take

into account upper body movemerBsage et al. (2005)rovide an in depth description

of the Actiheartspecifications and functions for further information. Combined HR and
accelerometry data generated by the Actihezah be used to calculate ABHEa a
branched chain equation moded the sensitivity of thélR sample increases with the
amount ofactivity movement detected. The branched chain equation model employed by
the Actiheartto calalate AEE, uses group calibration regressions which have been
derived from walking and running based treadmill studigzage et al., 2004; Brage et
al., 2007)and has previously been utilised in investigations on athletic demographics
(Nichols et al., 2010; Wilson et al., 2013)
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Therefore, the aims of this study were twofold. Firstly, to create a rangeotafgically
valid simulatel Taekwondo competition padork (STCRW) protocos with varying
activity:recoveryratios.Secondly, taassesshe validity andaccuracyof the Actiheartfor
measurements of both HR and AEE versus both a Polar commeriaméhitor
(CHRM) andindirect calorimetry acting as the criterion methods during each SWCP

protocol.
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6.2. Methods

The experiment incorporated a repeateghsures counterbalanced Latin squares
research desigrParticipants visied the laboratory onhreeseparate occasiongth >48
hours between trials. At visitsne two andthreeand in arandomsed orderestablished
by computerisedsoftware participants completed 8TCRW protocol acrossthree
separate conditions dctivity:recovery ratio, to monitor different responses in both
perceptualphysiological and metabolic measurements. Participants were not conducting
any BM loss practices ang4 hours pre testing were requested to refraamfrany
alcohol, caffeine andxcessiveexerciseso not to confound measured variablesor to

all visits, participants weradditionallyrequested to fast for a 12 hour period, hydration
intake was controlled (#nl-kg-BM™) derived from pre exercise ACSMuidelines
(Maughan & Shirreffs, 2008, 2010; Sawka et al., 2007g were familiarised with the
protocol. All tests for each participant were completed at the same time,dietayen
9.00am and 3.00pno limit any diurnal variatiorffThun et al., 2015and temperature was
fixed at 21°C with relative humidity between-46%.

6.2.1. Participants

Eight maleinternational standar@laeckwondo athletes (20 + 3 years old, 73.2 + 15.3 kg,
182.1 + 6.5 m) were selected on the basis of the followingusion criteria:(a) >17

and <3 years of age(b.) minimum of F' Dan gradeand (c.) >3 years international
competition experience. All participants had no previous incidence of musculoskeletal
injury within six months of the study and/or any history of previous medical conditions
which would render them unsuitabfer participaton. There weretwo participants per

OG weight category-68 Fly, -68 Feather;80 Welter and +80 Heavy). The study was
conducted in accordance withe Liverpool John Moores University research ethics
committee approvahkll participants werenformed of the test procedures, potential risks

and written informed consent was obtained.
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6.2.2. Procedures

STCRW Protocols

Prior to the main trials a fifteen minute waup protocol was completedilising the
RAMP (Raise/Activate/Mobilise/Potentigtenethod (Jeffreys, 2007)see Appendix B

HR wasassessethroughoutthe warmup protocol to monitono elevation above 50% of
predicted HRax The STCPW protocol was set at the same pattern of activity as within a
typical Taekwondo bout (3 x 2 min rounds/1 mistgeriod). Three separate conditions
were degined to test the ecological validity of each STWRprotocol across a range of
differing activity:recoveryratios based on a humber of Taekwondo time maiwalysis
studies(Bridge et al., 2011; Falco et al., 2012; Santos et al., 2011; Tornello et al., 2013)
STCRW 1:7 (light intensity), STCRV 1:5 (competition intensity) and STGN 1:2
(hard intensity) protocolautilised varying kickingand movement actionsvithin each 2
minute round, wheréntervals were based on 2 seconds of kicking actiwitlyich is
demonstratedo be the average engagement time in a competitive Taekwondo bout (see
section 2.6.1). As used ithe warmup, the intervals were completed on a set of
Taekwondo kicking pagl(Adidas, Jewoo Sports Co. Seoul, Korealich are regarded

as an ecologically valid training to@Bridge et al., 2007)Activity commenced on the
command of three possible kicking combinations controlled by audio signal software
(automated in Cubase 5, Steinberg, Hamburg, Germalted to the millisecond}o

elicit the same choiceesponse variations as found in both training and competition. The
kicking combinations included the attack and counter variations of the turning kick
(dollyo chagi) and fast/front leg kick#&ndal chag), which have also been highlighted as
the most commn techniques utilised in Taekwondo bo(Bsidge et al., 2013; Falco et

al., 2012; Santos et al., 2011)
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Figure 6.1.Attachment of the Polar RS400 CHRM and Actihpadr to the

commencement of each STF@Pprotocol.

Perceptual andPhysiological Measurements

Post warrrup and pre protocpthe Actiheart unit was attached to the participant via two
standard ECG pads (WelchAllyn, Buckinghamshire, UK) at the base of the sternum and
the 6th intercostal space in tandem with a CHRM (Polar RS400, Polar Electro UK Ltd.,
Warwick, Great Britain) (see Figure 6.1). A signal test e@sducted using the Abeart
software (Actiheart 4CamNech, Cambridge, UK)to examine if the R wave of each
participant was being recorded adequately and to avoid any inaccurate reading during
measurement due to high noise level or low signal. The signal test was seh upewit
individual data of each participant (stature, BM, predictednddRnd HRieep and
updated at each visit. Participants were requested to walk around the laboratory for a
period of five minutes during the signal test recording, as per the manuféacsurer
instructions. Prior to the commesmen of each protocolBLac concentrations were
measuredy taking approximatelyd of whole blood from the fingertip for analysis via

a portable unit (Lactate Pro Meter, Arkray B.V. Amstelveen, Hollahdg Lactate Pro
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was employed due to its practical ease of use arahgis reliabilityhas previously been
confirmed (Baldari et al., 2009) Oxygen uptake was measured continuously via an
indirectcalorimetryonline gas analysis system (CPX Wi Series; Medgraphics, Saint
Paul, MN, USA), which was calibrated prior to testing with a 3L syringe for volume
(Hans Rudolph; Shawnee, Kansas, USA), known concentrations/6D@and a zero
calibration span gas. Participants wore a face mask (Hans gRudgthawnee, Kansas,
USA), secured tightly in order to minimise atmosphegxchange and were then
positioned in the centre of 4 (1 x 1 metre) official competition mats. The pad holder was
positioned directly in front of the participant for kicks to benawcted upon the

command of each audio signal (see Figu.

Figure 6.2.STCRW protocol seup including position of participant, pdwblder,

indirect calorimetryonline gasanalyser, audio signal and blood collection facility.

Measures of HR and BLac were recorded at the cessation of rounds 1, 2 and 3 in the
same manner as baseline and RPE was also assessedBoegtli#970)6-20 scale. Data

collection was recorded breally breathon the indirect calorimetrysystem, every inter
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beat HR interval by the Actiheaend at the cessation of the protocol all data was
immediately downloadedndirect calorimetr)O, VICO, (L.min'Y) and RER data were
thenorganisednto rounds 1, 2, 3 angkstperiods 1 and 2 for each participant/protocol
and converted into kcal using the tableZointz and Schumburg (19045 updated by
Lusk (1924)

6.2.3. Statistical Analyses

Descriptive statistics are provided for all variables (mean + SD) and data were explored
for normality using box plots. Statisticalapsis was conducted using a two way within
subjects ANOVA based on the repeated measures design and interval data collection
measurementhere sphericity was assumed using the MauchlyBestferonni poshoc
analysis was used to examine pairwise comparidogest squares regression analysis
was used to assess the strength of association and validity of both HR and AEE
measurements where CHRM recordings and indirect calorimetry were regressed against
the Actiheartfor each STCRN protocol condition(Hopkins et al., 2009)ixed bias was
assessed by determining whether the intercept for the regression was different from zero
and proportional bias was deemed present istbpe of the regression line was different
from one. Random error was quantified using SEE from the regression. Predictive
accuracy for each individuals HR and AEE measurement via the Actinestalculated

and evaluated based on the mean of 95%RI.h ethE® were calculatedo highlight

the AEE differences between time points during each SWCProtocol condition
utilising the following quantitative criteria to explain the practical significance of the
findings: trivial <0.2, small 0.210.6, moderate 0.61.2, large 1.211.99 and very

large >2.0 (Hopkins et al., 2009)Statistical significance was established at an alpha
level of p < 0.05 and all statistical analyses were carried outguSIRSS for Windows
version 24 (PASW, Chicago, lllinois, USA).
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6.3. Results

6.3.1. STCRW Protocol Physiological Responses

There was anain effect of time from baseline and acrosstkineerounds for participants
HR (p < 0.00), BLac (p < 0.001)and RPE g < 0.001) measures in all STGR
protocols. There weralso main effects between all STGNR protocols for HR |§ =
0.001),BLac(p < 0.001) and RPEp(< 0.001), concomitant with significant interaction
effects for Blac (p < 0.001 ) and RPEp(= 0.03) respectively. However, there was no
interaction effect for HRlue to similarities in round responses between STOP 1.5
and 1:7 protocolgp = 0.07).Figure 6.3. highlights the perceptual and physiological
responses for HR, BLac and RPE across all SWCPRrotocols inclusive of pairwise

comparisons.
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Figure 6.3.(A.) HR, (B.) RPE and(C.) Blac perceptual anghysiological responses to
1.7( ),1:5/( )andl:2(z ) STCRW protocols.

# = significant difference to Round 1, 2 andp3<(0.05)8 = significant difference to Round 2 andB<
0.05) = significant difference to Round B € 0.05)
* = significant difference to STCW 1:5 (p < 0.05)** = significant difference to STGW 1:2 ( < 0.05)
*** = significant difference between all STGW protocols p < 0.05)
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6.3.2. STCRW Activity Energy Expendite andHeart RateCorrelation and Regression

Analyses

The slopes, intercepts, SEE and Pearsgncg@rrelations together with 95% PI for
comparison of both HR and AEE are presented in Table 6The random error
associated with eachRHmeasurement were relatively similar between ST Protocol

1:7 (1.11) and STCGWV protocol 1:5 (1.63)with an increased difference for STOW
protocol 1:2 (4.03). The random error for AEE measurement in SWQsrotocol 1:7
was marginally lower (7.05) &m both STCRN protocols 1:5 (11.16) and 1:2 (13.26).
The 95% PI for each HR measurement were again similar in magnitude between STCP
W protocol 1:7 (3.04) and STG® protocol 1:5 (4.45)with a larger difference for
STCRW protocol 1:2 (10.99). Similarlyo random error the 95% PI for each AEE
measurement was lower in ST@W protocol 1.7 (19.25) compared to both STGP
protocols 1:5 (30.50) and 1:2 (36.19¢spectively. Both HR and AEE measurements
were positively correlated with the criterion methodsspr¢ing a diverse range of
correlations ) and overlapping 95%ls (p < 0.05).

The presence of both fixed and proportional bias was assessed by visual inspection of the
regression lines for HR in Figure 6.4@ and AEE in Figure 6.4 4. HR measurement
across all STCRV protocols showed a limited presence of proportional, bigts the

slope of the respective lines being close to one. This was also the case for AEE
measurements in STAR protocols 1:7 and 1:5, yet there was an increase in
proportional bas demonstrated in ST/ protocol 1:2. There was a minimal presence

of fixed bias in HR measurement for both ST@Pprotocols 1:7 and 1;5wvith an
increase in STCRV protocol 1:2. For AEE measuremetitere were divergent values
demonstrating the preseneemarginal fixed bias based on underestimation in SWCP
protocol 1:7, overestimation in STAK protocol 1:2 and improved agreement in STCP

W protocol 1:5.
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Table 6.1.Least Squares regression analysis (r) of the slopes, intercepts, SEE and the mean of 95% PI of Polar RS400 CHRM (HR)

andindirect calorimetry(AEE) vs. Actiheart measurements across the varying SV@Rotocols.

0,

HR (bpm) MEAN % SD SLOPE INTERCEPT SEE r MEAN 95% PI #
Polar 172 +12.8

STCRW 1:7 1.01 (0.931.09) -1.10 ¢15.1612.96) 1.11 *1.00 (0.981.00 3.04 (6.08)
Actiheart 172 +12.8
Polar 181 +10.6

STCRW 1:5 1.01 (0.861.14) -0.10(-25.5325.32) 1.63 *0.99 (0.941.00) 4.45 (8.89)
Actiheart 181 +10.7
Polar 188 + 6.9

STCRW 1:2 0.95 (0.341.57) 9.30 €106.27124.86) 4.03 *0.84 (0.330.97) 10.99 (21.97)
Actiheart 187 +6.1

AEE (kcal)
Indirect Calorimetry 85.1+222

STCRW 1:7 0.97 (0.671.26) -9.70 €39.4%:20.02) 7.05 *0.96 (0.770.99) 19.26 (38.51)
Actiheart 98.1+22.0
Indirect Calorimetry 99.0+24.7

STCRW 1:5 0.93 (0.491.31) 7.16 €38.5450.16) 11.16 *0.91 (0.570.98) 30.5 (61.00)
Actiheart 101.8+25.1
Indirect Calorimetry 112.7+21.5

STCRW 1:2 0.74 (0.231.26) 38.33(-14.3791.03) 13.26 *0.82 (0.280.97) 36.19 (72.37)
Actiheart 100.0 + 23.8

p significantly correlated with criterion method Pl ranges may be calculated by multiplying the 95 % PI interval by 2 (Ranges are in parentheses).
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Figure 6.4.Least squares regression plots of Polar RS400 CHR&)(Andindirect

calorimetry(D-F) vs. Actiheart HR and AEE measurements during SWCB7 (A & D),
STCRW 1:5 (B & E) and STCRV 1:2 (C & F) protocols.

Plots indicae line of Unity (broken line), line of regression and 95% Prediction Intervals
(outersolid lines).
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6.3.3. Activity Energy Expenditurgffect Size Comparisons

Table 6.2and Figure 6.5 AC. presets ES an®5% CI6 $0 examine the differencef

mean value$or specifictime points across all rounds andtieeriods also including total

AEE measurement, where across all STWPprotocols there were only trivial to

moderate differences between the Actihesamtindirect calorimetrymetiods.

Table 6.2 Effect sie comparison®f mean value®r time points across rounds andste
periodsinclusive of 95% CI value®r indirect calorimetry and Actiheart durin§TCR

W protocolsl:7, STCRW 1:5and STCPW 12

Timepoint |STCP-W1:7] 95% ClI [STCP-W 1:5] 95% CI
Round 1 1.00 (-0.11-2.14) 0.64| (-0.44-1.72)
Rest 1 (-1.10-1.00) (-1.64-0.50)
Round 2 (-0.49-1.66) (-1.06-1.03)
Rest 2 (-1.15-0.95) (-1.18-0.92)
Round 3 0.6§ (-0.42-1.74) (-0.96-1.16)
TOTAL AEE (-0.49-1.66) (0.94-1.16)

(Colours are indicative of outcome:
Blue = trivial <0.2; Green = smalD.21-0.6; Yellow = moderate 0.61.2)
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STCP-W1:2] 95% CI

(-1.11-0.99

0.86 (-0.26-1.93

(-0.52-1.61

1.04 (-0.07-2.18

(-0.50-1.64
(-0.51-1.63
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Figure 6.5 Effect size comparisorm$ mean valuefor time points across rounds andste
periodsincluding total AEE measured viadirect calorimetry andActiheartduring
STCRW protocols 1:7 (A.), 1:5 (B.) and 1:2 (C.).
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6.4. Discussion

The main aim of this study was tosémate AEEutilising laboratoryand field based
measures duringn ecologically valid simulated Taekwondompetition protocolThis

is the first investigatiorio examinethe perceptual physiologicaland AEE demands of
pad based simulated Taekwondo bouts with vargiciyity:recoveryratios. Figure 6.3
highlights thedifferencesn these responses across the protocols, wdeohonstrates the
variancein respectiveperceptuabnd physiologicalemandsandthereforeeffectivenes
as measures ointensity. Based orthis respective data, the ecological validity of
protocols STCRN 1:5 (competition intensity) and STSGK 1:2 (hard intensity)was
assessed by comparing the HR,aBland RPE responses to those studies which have
utilised the same measures in competitive, opponent and pad based simulasdadeou
section 2.43 and Table2.6).

The mean round by round and total RPE responses for-8V @ftocol 1:5nvere similar

to those of competitive, opponent and pad based simulation bouts, whereas\STCP
protocol 1:2 values were up ted3units higher at each time point. ConverselBtmlge

et al. (2013) mean round by round and total HR values for the SWCProtocol 1:5
were strikingly similar to those of the competitive and opponent based simulation bouts
STCRW protocol 1:2 was also similar, despite bedifferent to STCPW protocol 1:5
valuesin the last two roundandwith values that arep to 8 beats-mihhigher inround
three when comparetb competitive and opponent based simulation bdothsse results
may not be surprising given that the intensity of STEGW protocol 1:5 is set as the same
activity:recoveryratio asin competition whereas the intensity of STG®F protocol 1:2
was considerably highedue to the reduced recovery periods between kicking activities.
The mean round by round and totaldlvalues for STCRN protocol 15, demonstrated
agreement to the othstudiesconducted inopponentsimulatedboutswith values that
were 36 mmol.L'? lower than those exhibited in competitive bouts. However,
interestingly STCRN protocol 1:2 presented values that weralirect contrast to the
metabolic responses of competitive bouts across all time pbmiger intensites based

on greater time for recovery between kicking activity in STWPprotocol 1:5 may

allow for reduced cardimetabolic responses and perception of effatijich has been
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highlighted in other combat sport based training activities with ali@cadity.recovery
ratios(Baudry & Roux, 2009; Franchini et al., 2018)ata from these studies have also
indicated the effectiveness ahanipulating the physiological responses of specific
combat sport activities to those similar of competitive boutsebycingthe within and
betweenrecovery component of activity profiles. A study b$milios et al. (2018)
demonstrated how the adaptation of recovery in this paradigm may come from the
combined increases in cardiorespiratory demariditionally, Dulac et al. (1986)
highlighted how repeated bouts of anaerobic efforts considerably increases plasma
concentrations of both adrenaline and noradrenaline, which may imdieeholamine

and cortisol interactions on thedrenal medulla stress response, thus elevating BLac
levels. Regardless of these hypotheses, this study is in agreement with previous literature
in demonstrating that the competition activity profile matcl$8dCRW protocol 1:5
showed low ecological validityvhereas the STGW protocol 1:2 shows high ecological

validity, despite increasegerceptualnd cardiovasculatemandsn the latter rounds

Examining a number of studies and focusing independently on the aerobic component of
AEE, an investigation conducted b¥ang et al. (2018Wwho assessedhe effects of
A/RWL onopponent based simulated bouts, highlighted@ivity.recoveryratio of 1:7

with kicking basedactivity intervals of 1 second. In the control conditiomeanAEE
contributions pe round were exhibited as 48 kcal, which is similarto the AEE
measurement demonstrated in ST@WPprotocol 1:7. Examining a number of other
studies utilising opponent based simulated b@@mnpos et al., 2012; Lop&ilva et al.,

2018; LopesSilva et al.,2015) where theactivity:recovery ratio is decreased to 1:5/6
with longer kicking activity intervals (1-3 seconds)meanAEE contributions are more
similar to those demonstrated in protocols STWEZR.:5 and 1:2 with averages 08-26

kcal in roundone 2830 kcal in roundtwo and 2932 kcal in roundthree These
comparisons show that the protocol was effective at cremithigect calorimetryaerobic

AEE contributions which reflectedintensity based on the differingctivity.recovery
ratios. Whilst all of these aforementioned studies provide useful data on the AEE

demands during specific Taekwondo based activitiesy are not available for use
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without specialist expése or equipmenfseesection 2.43). Therefore alternative and

more practical tools for the measurement of AEEequired for use in the field.

AEE is a key component of EA calculation, which is often incorrectly estimated and/or
calculated and difficult to measure both validly and accurately in athletic populations,
given the variability in assessment meth@Bsirke et al., 2018b)The importanceof
examining the potential fotEA statusin international tandard Takwondo athletes
cannot be understatediven the BM loss practices whi@re culturally inherent within

the sport.The use oportable actigraphwith integrated accelerometry is becoming more
popular when examining AEE in a host of activit{&hephard & Aoyagi, 20123nd a
limited number of studies have utilised this technology with a Taekwondo athletic
population(Cho, 2014; Cho et al., 2013However the portable actigraphutilised in

these studies was a hip worn accelerometkich does not take into account whole body
movements nor has this device beemalidated against either DLW omdirect
calorimetry for AEE measurement during a range of free living and exercise based
modalities(Brazeau et al., 2014; Correa et al., 2016; Dannecker et al., 200i13son et

al., 2015) The Actihearunit utilisedin this study has previously been validated against
both DLW (Rousset et al., 2015; Silva et al., 2015; Villars et al., 2@@)indirect
calorimetry (Barreira et al., 2009; Brage et al., 2005; Crouter et al., 2008)
measurements GiEE and AEE in both free living and various physical activitisis is

only thethird study to utilise the Actiheaxtith an athletic population aralsothe third

to do so with a laboratory based simulation protg@blompson et al., 2006; Wilson et

al., 2013)

When assessed via least squares regression the Actitiglaighted good agreement

with the Polar RS400 CHRM for measures of HR across all conditions. For measures of
AEE versusindirect calorimaty in STCRW protocol 1:7, the Actiheademonstrated
marginal overestimation via the presence of fixgedt minimal proportional biases.
STCRW protocol 1:2 also highlighted marginal underestimation of AkiEh divergent
proportional biaseswhereas STCRV protocol 1:5 showed good agreement with both

minimal fixed and proportional biases. The under and overestimaof AEE
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measurement with the Actihearersus indirect calorimetry has been demonstrated in
other studiegCalabp et al., 2014; Nichols et al., 2010; Wilson et al., 204&)pss a
range of diverse exercise modaliti&age et al. (2006highlighted how the error in
AEE measurement may come fraghe movement of the Actiheauhit during exercisg
given a 10 degree tilt from the horizontal position can result in a 3% reading error. Due to
the increased activity and therefore movement in SWCprotocol 1:2, this may explain
some of the diverging valugdsowever this doesot explain theover estimativevalues in
STCRW protocol 1:7. To combat this issube Actiheartmanufacturer Camth have
created a chest belt to hold the unipositionsimilar to aPolar WearLink®+ however,

this was not commerciallgvailable for use during this study. Despite the differences in
indirect calorimetryAEE measurement durirgrotocols STCRN 1.7 and 1:2, Table 6.2

and Figure 6.5lemonstratehat when individuatime points across all rounds andtre
periods are considergthese could be regarded as ecologically mininaaleld on trivial

to moderate effect size$hese findings are crucial in affording the possibility to examine
AEE in Taekwondo training and competition based activities wigtologically valid
settings.A greater understanding of the energetic cost of these activities, will aid in
exploring the TEE of this demographic and prescribe periodised and adequate dietary
strategiesallowing gradual BM losses whilst limiting the ceasiences of LEAvhich

may lead tdRED-S syndromes
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6.5. Conclusion

The datafrom this studydemonstrates that by manipulating the activity profiles of pad
based Taekwondo simulatigmotocols the metabolic responses of competitive bouts can
be matched, howevgthis results in higher cardiorespiratory and perceptual HR and RPE
values in tandem with the increasesnitensity.Despitedivergent agreement between the
AEE measurements displayed by the Actihesnt indirect calorimetryto each of the
STCRW protocols, given that these differences were ecologically mipithisl could
justify its use in practice. This in turn cand field based practitioners in providing a
means to quantify th€EE of international Taekwondo athletes, therefprslingdietary
prescription and reducing thmotential for LEA and REES during BM loss, which is
habituallypracticedn this athlete popation.
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CHAPTER 7.

Making Weight Safely: Manipulation of Energy
Availability and Within Daily Energy Balance Without
Symptoms of REDS in an International Standard
Taekwondo Athlete
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7.1. Introduction

Previousstudies(seesection 2.68) and the results of Chapters 3 anddve highlighted
that international standard Taekwondo athletes engagaking weight practicet® both
gainreduce opponent advantages in competition sutdj a variety of methodshich are
deleterious to both health and performance. FurthermGhgpters 3 and 4 have
highlighted these athletes have poor nutritional knowlepgeicularly when it comes to
BM reduction andin the post competition phase undergo periods of rebound
hyperphagiapotentiallyleadng to BM and FM overshoot. Chapt®ralso elucidated that
these athletes need to engage in a greater amount of A/RWL than previously

characterisedparticularlywhen making weighttor therespective OG weight categes

Parallel to theractices and behavioudescribed aboveeductions irEl with concurrent
increasesn AEE, mayresult inLEA, leading to the potential for REB consequense
(seesection 2.8, Kasper et al. (2018js the only investigation to characterise the
consequences a prolongedenergetic deficitin combination withA/RWL practices
within a combat sporaithletecase studyThe data from thienquiry demonstrated a
number of REBS related health and performancatcomesbut was unable to provide
details of EA status, based on thebsence of AEE measuremehtue t o t he at hl
grappling based training activitieGiven the results of Chapters 5 and 6, there is now a
possibility to measurdoth body composition and BE within Taekwondoactivities

with a greater dege ofaccuracyand reliability comparedo criterion methodswhich

are not tenable to be used in the fidltdis cannow allow an examination of EA status in

combat sports athletgs tandem with measurements of potential REByndromes.

Therefore, the aim of this study was to introduce a structured nutritional and training
intervention for a male international level Taekwondo athkataing to make weighfior

a specified wejht categorySecondary to thjsutilising the methods describedsection

2.84 andChapters 5 and & subsequent aim was to highlight the potential for LEA and
the effects of the intervention on WDEB. Finally, the study also aimed totigatesthe
potential for REDS consequences during the interventimoncomitant with an

examination of rebound hyperphagia in the post competitive period.
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7.2. Methods

7.2.1. Athlete Overview

The Athlete was a Caucasian male (age: 19 years; stature: 166.3cni2EMNg) with

over 5 year so competitive experience at I
compete 10 times per year in th&8 kg Feather weight category, habitually requiring

losses of 46 kg. The Athlete decided to further reduce his ,B¥compete in the63 kg

Bantam weight category at the 2018 British University Championships, where a semi

final placing would secure national team selection for the 2018 European University

Games.

The following excerpts were articulated by the Athlatéaselindmethods described in
section 7.24), highlighting their views on previousakingweightpractices:

An overview of mestarhlosihgabduta3 weaks beforéhbhd, | start

cutting the carbs, just try and progressitframher e and t hen dehydrat e
carbs because they are what keeps the fat on...To dehydrate | use more layers in training,

so, more clothing, using stuff like sweatsuits, restricting water intake during training, just

trying to increase the sweating you know, more out rather thail

On the psychiogical andp hy si ol ogi c al s y Drairted mentallpdnd BM | os
physically. Really tired, fatigued, qguite s
not motivated, not swmngshuits oftensvhean ¢ dolthé dietsg €t mo o
start snapping at people and getting quite upset, just over nothing, breaking down crying

for no reasonéFucking tough and quite a | one

sense. It was difficult balancingya t r ai ni ng, soci al l i fe al ong

The Athlete required a loss of >%§ (>13% BM) in a period oéightweeks to meet the
weightcategory limit In order to assess the potential for both the healttparidrmance
consequences of RES, a multi methodological approach was employed throughout the

intervention period. Measurements were taken daily and also at set intervals inclusive of
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baseline {8 WK), four weeks 4 WK), seven weeks1 WK), the day prioto weigh in
(PRE CUT), weigh in day (WI), 24 haupost competition (+1 D), andneweek post
competition (+1 WK) as detailed in the following sections and highlighted in Figure 7.1.
The Athlete gave written informed consent to undertake the inteoventid the case

study was approved by théverpool John Moores Universitgsearchethics committee.

8WK -7TWK -6WK -5WK -4WK -3WK -2WK -1WK PRECUT wi +1D +1WK

i T

O W, W W W, W K

4 4 4
E E E
" " "

X x %
\ y

‘ (4
R 5 % = Cardiac = Blood “ _ = FATmax = MDP — - MDS
ﬁ ZDXA R =7skf Assessment Collection = BMR VO2peak Assessment Assessment

i+ 4+

Figure 7.1.0Overview of measurements taken during the intervention period

7.2.2. Anthropometric and Physiological Assessment

Stature and BM: Staturewas measured to the nearest 6k using a free standing

stadiometer and BM was determined to the nearestk®@in digital scales (Seca 702;

Seca GmbH, Hamburg, Germany). Body composition was assessed via DXA (QDR

Series Discovery A; Hologic IncBedford, MA, USA - software version 12:4:3) to

generate LM, FM and FM% values n t andem wi t hsskrdHatpdndeo,p o met r i
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Baty Int., West Sussex, Great Britain) according to the recommendations of the
International Society for the Advancement Kinanthropometry (ISAK) (Stewart &
Marfell-Jones, 2011)All subsequent scans, analyses and rapiimetric measures were
conducted by an lonising Radiation Medical Exposure RegulatiofSIERR) and ISAK

registered anthropometri@eesection R2.2).

Resting Metabolic Rate and RMRraio: RMR was examined utilising amdirect
calorimetry operhood system (GEM Open Circuit Indirect Calorimeter; GEMNutrition
Ltd., Warrington, UK), which was calibrated prior to testing via known concentrations of
O.J/CO, and a zero calibration span gabhis calibration was then validated by
conducting an ethanol byrto confirm an establishedBR value of 0.67. The Athlete

was directed to lay in a supine position on a medical wél a ventilated hood placed
across their head and shoulders (wrapped Wéhtip sheeting to minimise any external
atmosphac exchange), then instructed to relax, lay as still as possible and breathe
normally. The test was conducted over a 30 minute period within a quiet laboratory
environment, with only the last 20 minutesrggincluded in the subsequent data analysis
(Compher et al., 2006Yhe averaged breath by breafO, (L.min™) for the collection
period was multiplied by 60 (representing minutes) and then 24 (representing hours) to

the averaged BR/kcal value(seesection &2.2).

The RMRatio Was calculated by dividing the valuesweéen bothRMRmeasand RMRyred
indices, where RMRegwas established via the Cunningham equa®RiiR = LM x 2.6

+ 501.6) (Cunningham, 1980An RMRyatio Of <0.90 was classified to define instances of
suppresed RMRindicating potential energy deficien¢$taal et al., 201,8Torstveit et
al., 2018) with RMRmneasvalues below those of RMR4also used to calculate instances
of AT by subtraction of total amoung§iuller et al., 2015)

Venous Blood AnalysesThe Athlete had blood samples drawn friireantecubital vein
of the left arm by a trainedphlebotomist which were collected into singular
ethylenediaminetetraacetic acid (EDTA), lithium heparin (LHep) and serum separator

tube (SST) 5nl vacutainers (BD Vacutainer; Becton, Dickinson and Company, Franklin
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Lakes, New Jersey, USAEDTA and LHep samples were placed on ice and the SST
sampls werekept at laboratory temperature. Blood plasma (EDTA/LHep) and serum
(SST) samples were centrifuged for 10 minutes at 4°C and a relative centrifugal force of
1200y as per laboratory standard operating procedBasples were then individually
aliquoted into 1.5nl Eppendorf tubes (Eppendorf UK Limited, Stevenage, Great Britain)
and stored at-80°C for subsequent analysisee Figure 7.2.) All biochemical
measurerants of endocrine, renal, liver, electrolyte, ligidd bone turnover biomarkers

wereconducted by Royal Liverpool University Hospital.

|
|
A i u —

Figure 7.2. Venous blood collection and centrifuging/aliquoting of samples
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| ns ul i-carbokytedminalcbossl i nk ed t eCtg,potlpptocolagen tfyde 1
N-terminal propeptide (P1NP), parathyroid hormone (PTH), cortisol (C), luteinizing
hormone (LH), follicle stimulating hormone (FSH), testosterone (T) and sex hormone
binding globulin (SHBG) were asssed via immunoassay with chemiluminescence
detection on a Roche Cobas e€601/602 Modular analyser (Roche Diagnostics Ltd. Burgess
Hill, Great Britain) and for Insulin like Growth Factor 1 (I&@F on an IDS iSYS
Analyser (Immunodiagnostic Systems Holdings., Tyne & Wear, Great Britain). Urea

(V), creatinine (Cr), albumin (ALB), total protein (TP), globulin (GLOB), bilirubin (BR),
calcium (C4), phosphate (Ph), total cholesterol (TC), high density lipoprotein cholesterol
(HDL), low density lipoprotein cHesterol (LDL) and Triglyceride (TG) were all
analysed on a Roche Cobas ¢701/702 Modular analyser (Roche Diagnostics Ltd. Burgess
Hill, Great Britain) utilising Rite A, 1 Point and 2 Point Erdsays. Individual inter/intra
assay coefficient of variatiorC{/) and sensitivity (replicates of the zero standard) are all
presented in Table 7.1. Sodium ((Nawas examined via potentiometry ion selective
electrode (ISE) on a Roche Cobas ISE analyser (Roche Diagnostics Ltd. Burgess Hill,
Great Britain) with a respéive CV of <1.5%.

Table 7.1.Respective blood biomarker CV% range and sensitivity* of measurement

Biomarker CV% | CV Range Sen* | Biomarker CV% CV Range Sen*
| (pmol/L) <4.9 | 41.27 2949.0 | 1.39 Cr (emolf<11 68.31 2286.0 | 5.0
IGF-1 (nmol/L) <7.2 | 2971 39.7 0.58 TP (g/L) <2.5 50.77 89.3 2.0
T (nmol/L) <4.4 ] 0.37 45.8 0.09 ALB (g/L) <15 28971 59.1 2.0
C (nmol/L) <3.8 | 3.17 1592.0 15 GLOB (g/L) <21 17571 41.2 2.0
LH (U/L) <2.2 |6.27 164.0 0.10 BR (&€ molf<33 9.17 544.0 25
FSH (U/L) <3.7 | 6.07 178.0 0.10 Ca* (mmol/L) <35 067 45 0.2
SHBG (nmol/L) | <4.0 1497 219 0.35 PH (mmol/L) <14 0.77 6.2 0.1
PTH <6.5 | 2871 27.2 0.13 TC (mmol/L) <1.6 2071 179 0.1
P1NP (eg|<41 12.87 1140.0 | 5.0 HDL (mmol/L) | <1.5 127 2.7 0.1
b-Ctx (e g/ L| <57 |0067 4.64 0.01 | LDL (mmoliL) | <2.1 157 6.1 0.1
Na* (mmol/L) <1.5 | 87.67 153.0 10.0 TG (mmol/L) <1.9 1.2-9.2 0.1
U (nmol/L) <1.3 | 7.27 35.0 0.5
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Hydration Status: Urine (Ussm) and plasma @@v) osmolality were examined for
subsequenhiydration status. The Athlete was instructed to collect a sample of urine mid
flow, into a 5ml sterilised container (Fisher Scientific, Loughborough, Great Britain),
which was immediately assessed via a hand held portable unit (Osmocheck, Vitech
Scientiic, West Sussex, Great Britain) for the measurement gf kéfractive index
measured irmOsmols-kgkO™. The unit was calibrated by placing a small sample of
distilled water on the unit clear daylight plate and pressing the zero calibration button
(see Fgure 7.3) This was then repeated for a sample of urine and pressing the start
button. Assessments were made in triplicate with the mean of the values being recorded
and zero calibration conducted between each tgst.Was assessed via freezing point
depession on an Advanced Mic@smometer 3320 (Advanced Instruments, Norwood
Massachusetts, USA), which was calibrated utilising both 50 and 850 mOsma!3!kgH
calibration standard solutions (Advanced Instruments, Norwood, MA, USA). Both
methods have beenrqviously highlighted as having good agreement in regards to
validity, accuracyand reliability of osmolality measurement for assessment of hydration
statug(Sparks & Close, 2013)

Figure 7.3. Uosmequipment and assessment
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Cardiac AssessmentCardiac assessment was conducted on the Athlete prior to exercise
testing via a l2lead electrocardiogram (ECG) (in a supine position) and
echocardiography (in an opposing prostrated position), which included standard 2D
Doppler and tissue Doppler imaginmglusive of myocardial speckle trackigee Figure

7.4) (Oxborough et al., 2014)Derived indices of HR, cardiac outpuC@®@) and
deformation from the left and right ventriclesere established via alterations in the
structure of the left ventricular erdilastolic volume (LVEDV) and right ventricular
diastolic area (RVDAREA), also inclusive of function via left ventriculggcon

fraction (EF) and right ventricular fractional area change (RVFAC). All
ECG/echocardiography scanning and subsequent analyses were conducted by a clinical

cardiac physiologist registered with the British Society of Echocardiography

Figure 74. ECG and echocardiography assessment

Cardiorespiratory and Substrate Utilisation Assessment:Combined maximal fat
oxidation (FATmay and aerobic cardiorespiratory capackDfpea) Were assessed vim
incremental exerse testprotocol performed on a motorized treadmill (h/p/cosmos
Pulsar; h/p/cosmos Sports & Medical gmbh, Nussdoainstein, Germany). Oxygen
uptake was measured continuously vidratirect calorimetryonline gas analysis system

(CPX Ultima Series; Magraphics, Saint Paul, MN, USAgalibrated asn section &.2).

Prior to testing, the Athlete was connected to a safety harness and instructed to wear a
facemask (Hans Rudolph; Shawnee, Kansas, USA), which was securedinightgr to

minimise external atmospherexchange and then connected to itigirect calorimetry

178



system. After a 2 minute normalisation period, the test began with 3 minute stages at
treadmill speeds of 6, 7, 8, 9, 10 andKLin Athfallowed by 2 minte stages at 12, 14

and 16k m A'hQn completion of the 18 m Allstage, the treadmill was inclined by 1%
every 1 minute until volitional exhaustion despite strong verbal encouragement.
Throughout the testhe Athlete wore a HR monitor (Polar V800; &oElectro UK Ltd.,
Warwick, Great Britain)seesection &.2), with HR values being recorded throughout

the test. Raw/O,, VVCO, (L.min"Y) and RER data were mean + SD into individual time
periods, converted into kcéhs per the calculation for RMRndalso FATmax utilising

the following equationg A m = (1.695 x\fO,) i (1.701 X\)CO,) (Jeukendrup & Wallis,

2005) All data inclusive of HR were then inputted into a Microsoft Excel (Microsoft UK,
Reading, Great Britain) table to generate subseq&&iina, Aerobic, Threshold,
Anaerobicand Interval 1 & 2training zones based 0A02pealHRmax and then plotted
against attributable running speeds, which could be prescribed for cardiorespiratory based

training sessions (see sectioA.d).

All tests took place under standard laboratory conditions (room temperature 20.0 + 1.5°C,
humidity 38.5 + 4.0% and barometric pressure 750.2 + 6.5mmHg), were perfatied

same time of day (9.001.00am),after a 12 hour fast (with no fluid ingestion prior to the
DXA and hydration assessments) and the Athlete was requested to refrain from exercise
the day prior to assessméNiana et al., 2012)

7.2.3. Muscular Strength and Power Assessment

Ballistic and Reactive Strength:Ballistic strength was assessed via both vertical SJ and
CMJ. The SJ involved directing the Athleate squat approximately 90° of knee flexion,
maintaining the position fahreeseconds and followed by a full extension of the legs on

the command | u.nipecCMJ was performed under the same conditiontsinvolved

flexion followed by immediate full eéension without command. Reactive strength was
assessed via a vertical bounce drop jump (BDJ). The Athlete was directed to stand on top
of a drop box at a set height of df, then instructed to fall off the box (without stepping
down or jumping) and rapig jump with legs in full exension, as quickly as possible
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once they made contact with the ground. All jumps were repdhted times with
standardised procedures including fixed akimbo hand positions. Jump height (JH) from
both tests andround contaictime (GCT) during the BDJ were recorded using an optical
acquisition system (Optojump Next, Microgate, Bolz8uzen, Italyi software version
1.12.1.0) and theatilisedto calculate EURMcGuigan et al., 2006nd reactive strength
index (RSI)(Flanagan & Comyns, 2008 oefficient of variations (CVs) werk.9-4.0%

for SJH, 1.854.0%for CMJH, 3.35.2% for BDJH and8.5-10.6% for GA, respectively

Maximal Dynamic Strength: MDS was assessed ViERM upper and lower bilateral
bench press and squat exercises utilising an Olympic barbell and weight plates (Eleiko
International, Halmstad, Sweden). Prior to testing, the Athlete cycldt/éominutes on

a stationary bicycle (Wattbike Pro; Wattbike UK, Nogfham, Great Britain) at 100
Watts (W). For the bench press exercise, the Athlete positioned themselves on a flat
horizontal bench rack (Perform Better Ltd. Southam, Great Britairt) thi¢ barbell
placed on a set of pins at a height conducive to their arm length and with the spotter
standing behind. The Athlete then gripped the barbell in the same hand position for each
attempt and was assisted into the starting position from the lbasick upon the
commandob t hr e e, .Onhcethe baravasandposition for the exercise (in alignment
with the anterior deltoids and sternum), the spotter statgc u randupon the Athlete
statingd my theabarbell was then released by thetspoA successful attempt was

only recorded when the Athlete touched their sternum in flexion during the descent and
fully extended the arms in the ascent of the movement and upon failure the barbell was
redelivered to the bench by the spoffdoir, 2012) The squat exercise was performed
within a power rack (Perform Better Ltd. SouthaGreat Britain) and the Athlete
reconfigured the barbell J hooks to a height in line with their anterior deltoid. The Athlete
then positioned themselves in the centre of the basbighl hands griped in parallel and

so it was resting on the posterior trapezius ihigh barpinched position. The Athlete

semi squatted to deliver the barbell from the J hooks and stood in the centre of the power
rack, with foot position wider than the pelvis (in alignment with the shosikled feet

turned at 45 A successful attempt was only recorded when the Athlete performed a

squat movement at approximately 90° of knee flexion in the descent, followed by a full
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extension of the legs in the ascent and with the baeligeredto the J hooks. Upon
failure the barbell was delivered to the power rack caidetgust below the Athlete 90°
knee flexed positiofiMoir, 2012) For both exercises the Athlete performed a readiness
set of ten repetitions with the barbell, then interspersed with 2 minute rest periods
performedtenrepetitions at 50%jve repetitons at 75% andne/tworepetitions at 90%
of calculatedlRM. All attempts were commencedter 3-5 minutes recovery and the

load was exponentially increased until failure occu(teaff & Triplett, 2016)

Maximal Dynamic Power: MDP was assessed via both upper and lower force velocity
(F/V) profile assessment in the bench press and squat exercises, respectively. Utilising
the samélifting proceduresfor both exercises, the Athlete perform#édee maximal
attempts at 20, 40, 60, and 80% of tested 1RM load, intersperseueeyninutes of
recovery. Combined eccentric/concentric average Poweri (WP , Force in Newt
(AF i N) and Velocity in meters per second (AVm-s?) were recorded by a linear
encoder (MuscleLab version 4010, Ergotest, Porsgrunn, Ndrwaftware version 8.31)
mounted perpendicular to the line of movement in each exercise. The distancehat

the encoderdisplacedduring each attempt was also recorded to assessistanmcy
allowing a maximum of £m difference to be included in the subsequent data analysis.
Datawere expressed absolutely for the bench press and relatively to BM for the squat,
with AF values on the Y axis and AP values on the Z plotted against AV values on

the X axis to generate subsequent upper and lower F/V profiles and MDP curves.

The SJ, CMJ, BDJ and MDS tests were performed on the same day as the anthropometric
and physiological assessme(3.0319.00 pm), whereas the MDP test was performed at

the same time on the following day. All the aforementioned tests were administered by a
United Kingdom Strength and Conditioning Association accredited practitioner and took
place under standard gymnasium conditiao®r temperature 21.0 + 1.5°C, humidity

40.5 £ 5.0% and barometric pressure 755.5 £+ 3.5mmHg), after a minimimeehours

postprandial feeding period.
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7.2.4. Psychological Assessment

Profile of Mood States:Psychological profile was assessed by both a PQWtMair et

al., 1971)and semi structured interviews. The POMS scale consist of 65 adjective words,
which can be classified into 6 subscales. The Athlete was asked to decide how they had
been feeling since #ir last POMS assessment and select an appropriate statement on a 5
point Likert scale (84), consisting ofNot at All, A Little, Moderately, Quite a Latr
Extremelyfor each word. Each subscale was represente@leasion(9 words: 036
score),Depression(15 words: 660 score)Anger(12 words: 848), Vigour (8 words: 0

32 score)fatigue (7 words: 028 score) an€Confusion(7 words: 628 score). Individual
scores were then plottetb examine the profile of each subscale with an iceberg profile
resultingin high vigour representing an optimal mood and an inverted iceberg profile
demonstrating low vigouindicative of a negative mood profile. The subscale score for
Vigourwas subtracted from combined aforementioned subscales to generate a total mood
distubance (TMD) score on a scale-82-200 with lower to higher scores representative

of optimal and negative mood profiles, respectively. The POMS was administered via an

online platform fttps:/ivww.brianmac.co.uk/poms.htm#jefwith no time limit for

responsesind the Athlete was instructed to highlight if he was unsure about any of the
words. All values were subsequentpjotted to generatboth POMS profile line graphs
and TMD bar graphs, to examine differences between intervention time periods.

Semi Structured Interviews: Semi structured interviews andmsgequent questions were
conducted, generated and analysed in the same manner as described in C{sagter 4
section 42.2 & 4.2.3). Additional questions were made on the basis of the specific time
periods during the intervention i.e. prior to weigh ire-put, post cut, weigh in day, post
weigh in, competition day, post competition etc. and were generated to reflect the
Athletes perceptions, thoughts, attitudes, emotions and behaviours throughout each
phase. Psychological assessments were conduct@d\&, -4 WK, -1 WK, PRE CUT,

WI, +1 D and +1 WK.
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7.2.5. Daily Wellness/Training Load/Sleep Monitoring Assessment

Daily Well Being Score:Each morning upon waking during the intervention period and
one week post, the Athlete was requested to report their Bl\parception of wellness
via WhatsApp cell phone application (WhatsApp; WhatsApp Inc. Mountain View,
California, USA). BM was recorded in the same manner as in Chaggecton 52.2).

The Athletes perception of wellness was assessed via a Daily Wejj Beore (DWBS)

as proposed bycLean et al. (2010)The DWBS examine$atigue, Sleep Quality,
General Muscle Soreness, Stress Lewsld Mood on a 15 Likert scale which is
described bystatements of perceived feelinghe sum of all five scores is utilised to
characterise overall wellbeing with <7 indicative of lowl@® modeate and 17> high

Scores.

Internal/External Training Load: Training load was assessed by both internal and
external monitoring toolgHalson, 2014)Internal training load &s examined by the s
RPEmethod as proposed bifoster et al. (1995Wwhereby the Athlete was requested to
report their perceive@xertion for all training throughout the interventiorripd on a
category ratio scale of10 (Borg et al., 1987)no laterthan 30 minutes post session via
WhatsApp cell phone application (WhatsApp; WhatsApp Inc. Mountain View,
California, USA). This was then uitiplied by the training time in minutes to calculate
internal training load as followss-RPE Load = ratio RPE score x training duration
(minutes) External training load in all training sessions was assessed via HR monitoring
(Polar V800; Polar Electr&yK Ltd., Warwick, Great Britain), where specific profiles
were created for each type of training modality and specific HR z&fseyg Light, Light,
Moderate, Hard, Very Handdesignated based &fOzpealHRmax testing as described in

section 72.2 and updated after every testing session. The HR data was downloaded

weekly and uploaded to the Polar Flow online applicattutp$://flow.polar.cony/ for

subsequent storage and analysis
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Sleep AssessmentSleep Monitoring was assessed via both a wrist waortable
actigraphy unit (Actiwatch 4, Cambridge Neurotechnology Ltd., Cambridge, Great
Britain) in conjunction with the Consensus Sleep Diary (C&I2yney et al., 2012)The
Actiwatch was worn on the nesftominant wrist and set to an epoch length of 1 minute.
The Athlete pressed the marker button on the Actiwatch f8s 2ipon lights off
(bedtime) and again at lights on (final awakng) the following morning. The Athlete

was requested to complete the CSD within an hour of being awakte questions
relating to bedtime, sleep latency, wake up time and the number of awakenings. Both the
Actiwatch markers and the CSD were usediétermine bedtime, sleep onset, wake and
get up times so that sleep behaviour could be automatically calculated using the
appropriate Actiwatch software (Actiwatch activity and sleep analysis version 5.24,
Cambridge Neurotechnology Ltd, UK). The followi sleep parameters from the
Actiwatch analysis were used: sleep duration (hours:minutes), sleep latency (minutes),
sleep efficiency (%), fragmentation index (restlessness) and total activity score (number

of activity counts).

7.2.6. Energy/Fluid Intake anéllon Exercise Activity Thermogenesis/Exercise Energy

Expenditure Assessment

Throughout the intervention period all meals were provided for the Athlete via an
external food preparation company (Fuel Station Ltd. Liverpool, Great Britain).
Respective El and macronutrient contents for all meals were derived from periodic DXA
establiked LM data and Atwater facto(dtwater & Benedict, 1902for CHO (1g = 4.0
kcal), PRO (1g = 4.@cal) and FAT (1g = 9.&cal) values. Flid intake was monitored

by the Ahlete, where all drinks were ingested from a 1 litre (L) sports bottle with pre
designated markings measured tarlGand was subsequentigported at the end of each
day, throughout the entire intervention period. In the +1 WK phasd;laNas reported

viat h 8napiN-S e nrdethod(Costello et al., 2017)where images of all foods and
drinks consumed during the entire period were recorded and sent via WhatsApp cell
phone application (WhatsApp; WhatsApp Inc. Mountain View, California, USA). Each
image was thersubsequently analysed by a Sport and Exercise Nutrition Register
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performance nutritionist, where El/macronutrient and fluid distributi@newestimated

via Nutritics dietary analysis software (Nutritics Ltd., Swords, Co. Dublin, Ireland). The
Polar VBOOHR watch (Polar Electro UK Ltd., Warwick, Great Britain) also acted as an
activity monitor via a internal 3D accelerometer, whiokcorded wrist movements. This

was utilised to examin&EAT via the Polar Flow application as calculated by the
removal ofRMRmeasand EEE. EEE in all training sessions was assessed via an Actiheart

unit and calibrated/utilised as described in Chap{geétion &2.2).

7.2.7. Within Daily Energy Balance and Energy Availability Assessment

WDEB (Benardot, 2013yvas employed to assess the total daily 24 houtuaions in
EB (seesection 28.4) and employeditilising the methodology of orstveit et al. (2018)

as follows:

El - Provided/estimated via methods described in sedtidrb

DIT - Calculated as 10% of mixed meal composition in 6 hour postprandial period
(Hour 1- 3%; Hour 2- 2.8%; Hour 3- 1.9%; Hour 4- 1.2%; Hour 5- 0.7% and Hour 6
- 0.4%(Reed & Hill, 1996)

EIT - Calculated as 25% of alcohol intake in 5 hour postprandial period evenly
dispersed as 5% per ho(Buter et al., 1994)

EEE - Estimated usig the gross measure AEE from the Actiheart unit (or taken from
the average measure of accumulated TKD competition studies i.ekcHDP then
calculated into net EEE measure by removing REE for period of exeans@clusive of
NEAT (Net EEE = gros8EE- REE / 60 x exercise tim@)oucks, 2014)

EPOC - Estimated as 5% of net EEE value post 1 hour and 3% post 2 hour of exercise
(Fahrenholtz et al., 2018)
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NEAT - Estimated using the absolute daily TEE measure via Polar V800 and calculated
via renoval of REE during awake period and gross EEE, then divided into awake period

minus hours inclusive of net EEE.

SEE - Estimated from RMRasand calculated into portion of hours when asleep (RMR /

24 x hours when asleefljorstveit et al., 2018)

REE - Estimated from RMRasand calculated into portion of hours when a@gdRMR /

24 x hours when awake€)orstveit et al., 2018)

TEE - Calculated from addion of D-EIT/EEE/EPOC/NEAT/SEE/REE for each hour

period.

TEE hr to hr - Calculated from addition of {EIT/EEE/EPOC/NEAT/SEE/REE for each
hour period and then added to the next hour pefiaatstveit et al., 2018)

EB - Calculated from El minus addition of-BIT/EEE/EPOC/NEAT/SEE/REE for each

hour period.

WDEB - Calculated from EI minus addition of-BIT/EEE/EPOC/NEAT/SEE/REE for
each hour period and then added to the next hour péfiodstveit et al., 2018)
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Figure 75. WDEBandEA analysis

EA was also establishdmbth hour by hour and across 24 hours as describédumks et

al. (2011)(seesection 28.4), utilising the following calculationEA = EI i EEE/LM of

which values were provided by aforementioned data collection and analysis in Chapters
2, 5 and 6. All collected data values were inputted into a bespoke Microsoft Excel
(Microsoft UK, Reading, GredBritain) calculative table, to examine daily and weekly

differences in absolute and pooled mean,detdighlighted in Figure 5.

7.2.8. Overview of Nutritional and Training Intervention

The Athl etedbds bas éssuenestimaten dyDXA, avare exkibitedia® n
2.2kg BMC, 54.5kg LM and 11.%g FM respectively. To determine which tissgesild

be reduced in order for the Athlete to achieve the weight category, lvitliout
detrimental effects on both healtmda performance(see section 8), an estimative
calculation of essential FM at the target BM was established as folg8vkg BM x
0.06% essential FM = 3.8Bg. By rounding this value to Kg it was acknowledged that

the Athlete could lose Kg of FM andby subtracting this from baseline BM (7X§),
achieve a target BM of 65Kg. It was then established that the required additional 2.5 kg
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reduction could be achieved via acute BM manipulation techniques i.e. reducing gut

content, sodium intake, passivehydrationas described in section72.

Following previous guidelinedanganEvans et al., 2011jhe Athlete ingested a daily

El allowance equating to approximately RM&zs This resulted in the following average
CHO (3.4 g-kgLM™*: 185 g/740kcal-day’), PRO .3 g-kgLM™: 125 g/500 kcal-day*)

and FAT 0.9 g-kgLM™: 50 g/450kcal-day') macronutrient distributions equating to an
average of 1690 kcal-day!. Typical daily feeding distribution/timing and meal
composition are presented in Table N& dietary supplements were implemented (or
allowed) throughout the intervention period, to limit any ergogenic effects on subsequent
performance based testingués. In the final week leading into the competition, EI was
reduced expaentially until the weigh in daywhich consisted of low residue/sodium
based foods, periodised in line with a scheduled taper of training volume. Fluid
consumption was equated at average of 4.-day! and was reduced to 500! in the

PRE CUT phase, with no fluid oW1 (see Figire 7.12). PostWI up until the end of the

+1 WK phase the Athlete was allowed to eat and drink ad libitum in order to examine
their typical behaviours anddheffect these may have on post competitive measurement

variables.
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Table 7.2.Typical daily feeding distribution/timing and meal composition

MEAL/TIMING FOOD QUANTITY (g) CALORIES (Kcal) CHO(g) PRO(g) FAT (g)
BREAKFAST Eggs 115 150 0 144 10.3
7.007 10.00am Mushrooms 70 4.9 0.21 07 0.1
Onions 60 21.9 4.7 0.6 0.1
Baby Spinach 40 6.6 0.08 1 0.2
Meal Totals 183 5 16.7 10.7
LUNCH Grilled Salmon 110 263 0 27.1 17.2
13.00i 14.00pm Boiled Soba Noodles 285 205 61 14.4 0.3
Tamari Soy Sauce 18 9.7 1.6 2 0.3
Steamed Broccoli 60 17.1 1.6 2 0.3
Meal Totals 595 63 54 17.8
DINNER Seared Beef Rump 150 266 0 47 8.9
17.007 19.00pm Sunflower Oil 5 45 0 0 5
Boiled Sweet Potato 270 232 53 3 0.8
Gravy granules 100 31 4.7 0.3 1.2
Boiled Green Beans 75 21 2.9 1.6 0.2
Meal Totals 595 60.6 51.9 16.1
SNACK Fruit i Orange 160 59 12.8 1.3 0.32
Anytime Chocolate Milk 400 261 40 14 5
Meal Totals 320 52.8 15.3 53
DAILY TOTALS 1693 181.4 137.9 49.9

The Athlete weekly training schedule consistethoéeaerobic andwo anaerobic cardio
respiratory sessionsfwo strength & conditioning sessionsthree Taekwondo
technical/tactical sessions aadesparring session totalling 415 hours.wk (see kgure

7.6). All Taekwondo based sessions were structured and conducted by the@ spets

specific coach.
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Figure 7.6. Weekly training distribution and approximate timings
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Steady state continuous runnisgssions were conductedthe fasted statacross 450
minutes at a running speed equating to th®.pea corresponding to the highest
identified FATmax point. Highrintensity interval trainingessions were conducted three
differing activity:recovery structures consisting of 1:1 minutes x 10 intervals and 3:1
minutes X 6 intervals at 120% and 90%M2.eax respectively. Botlof thesesessions
were designed to maximise adaptations to respective an/aesysiems via
mitochondral volume and densitgBishop et al., 2014; Granata et al., 2Q18) maximal

fat oxidation during exercis@chten & Jeukendrup, 2004; Horowitz et al., 194@} to
meet the demands of competition as described in sectdh 2.

Resistance trainingessios were designedasedon two mesocycles of general and
specific preparation perioddMesocycle oneaimed to increasegeneral strength via
reciprocal incremestin volume loadand averagentensity Individual sessions were
structured into whole body bi and unilateral general strength/speed, concurrently
performed in superseatith speedstrength exercisedesocycle two progressed into an
undulatingvolumeload with highaverage intensityoy adding a combination of maximal
strength exercisesndspeedreactive strength modalities. In the final week taper leading
into competition no resistance trainingesions were conducted anvdlume loadwas

established for each exercise based on tested MDSdERM
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7.3. Results

7.3.1. Overview of Athropoméry Measure, Energy Availability and Within Daily

Energy Balance

The Athlete successfully made the weight limit for thlected-63 kg Bantamweight
categoryrecording an official weight of 62 kg, representing an overall BM loss of 9.8
kg (13.5%) Measur ement s ss@and LMIFM/FM% sssed3dd via XA
inclusve of within participant 90% confidence intervals $80CI) and smallest
worthwhile change (SWCare shown irFigure 77. At -4 WK the Athlete had reduced
BM by 4.9kg with a 17.3mm r e d u c gb«i thockness, mccuxringt a weekly range
of 5.3 6.3mm in tandem with associated weekly BM losses. Alsthis period, FM was
reduced by 2.&kg whilst LM remained stable at 55Ky. At -1 WK, the Athlete had
further reduced BM by an additional k4g asgkcthickness by 6.5nm. Again there
was a 1.&g reduction in FM whilst LM continued to remain stabl&4i6kg. Given the
small er reduction in BM tissues t h&n
thickness reduction wadsa decreased (ranging from 4340 mm). In the final 7 day
period leading to WIthe Athlete lost an additional 1K) of BM, concomitant with a
further 47mm r e d u c dski. ldowever,r=M bs only reduced marginally by &§,
whereas LM was reduced by kg at PRE CUT(yet still within SWC)and furthermore
by21lkg at WI . Post competi ti ondywthagl8kgi n
increaseat COMP, a further 2.5g 24 hours post competitiaat +1 D and 3.0kg to near
baseline values at one week post competitibWK. gsi wereraised by 2.3mm on +1

D and by a further 8.inm at +1 WK.Despite FM raising marginally by 0K at +1 D
and 0.7kg at +1 WK, there is a dramatic increase in LM byKgin only 48 hours at +1
D and an additional 1.g outside of SWGit +1 WK. Overall given the perturbations in
FM and LM tissues, FM% values dease by 3.4% a#t WK, 2.3% at-1 WK and then

continue to remain stable between 1104 at all subsequent time points.
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Figure 7.7. Total BM (A.),x sk¢(B.), DXA FM (C.), DXA LM (D.) and DXA FM%
measurementsiclusive of within 90% Cthroughout the intervention and recovery
period
(Grey zones denote differing time periods and shaded areas represent SWC).

The Athlete was classified as being in LEA throughout the entire intervention period,
with average vales ranging between3D kcal-kgLM-day! in -8 WK to -1 WK phases

and negative values-7q to 9 kcal-kgLM-day?) in the final week leading into the
competition {1 WK/PRECUT/WI), representinga mean of 20kcal-kgLM-day!. EA

was rescued to average valuamging between 54200 kcal-kgLM-day* in the post
competitive +1 WK phase (see Figur8)7.
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Figure 7.8. El andEEE highlighting energy availability status throughout the
intervention and recovery period.
(Grey zones denote differing time periods; Red markers indicate EA
<30 kcal-kgLM-day; Green markers indicate EA >45 kcal-kgLM-day
WDEB assessment highlighted that the Athlete was in a net hour by hour catabolic
energy deficit acrosshe entire intevention periodddue t o average EI 0s
kcal-wk? parallel toaveragel E E 6 s ,0@0kcal@k?. WDEB values averaged3,200
kcal-wk?, whichresulted in an accumulate#i05,000kcal-wk™* deficit at the conclusion
of the intervention period. In thEost competitive phase this deficit continued to increase,
albeit at a slower rate, resulting & final WDEB value 0§106,000kcal-wk in the final
week of measurement, despite an exacerbatfdeding period (El equalling 33,000

kcal-wk?1) and complete cessation of trainifsge Figure B).
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Figure 7.9. WDEBandEI throughout the intervention and recovery period

(Grey zones denote differing time periods; Red markers indicate neg#iAs).

194



7.3.2. Overview of Intervention on Athlete Wellness, Sleep aaidifg

Throughout the ritervention theAthleted DWBS were >15 and they completed all
assigned sport specificardiovasculaand resistance trainingessions in order to meet

the designated trainingad as highlightedn Figure 7.D.
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Figure 7.10. Perceived load and wellness scores (A.) with S&C training loads and

intensitieg(B.) throughout the intervention
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Across theintervention period there were no negative associations exhibited between
DWBS, El or EA and the Athlefe sleep duration/latency/efficiency, fragmentation index
or total activity scorgwith only duration and efficiecy being effected by overall training
load (volume and density) dgghlighted inFigure 7.1L.
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Figure 7.11. Effects ofEA and training loadontotal sleep timgA. -8 WK to WI; C. final
week taperD. -8 WK to-1 WK) and efficiencyB. -8 WK to WI; E-8 WK to-1 WK)
parametershroughout the intervention

(Red markers indicate EA <30 kcal-kgLM-digyRed lines indicate minimum threshold
for total sleep time and sleep efficiency).
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Hydration status assessed Wymhighlightedthat the Athlete was dehydrated across all
time points according tguidelines inTable 2.8 yetupon assessment ofsR values, this

was only confirmed during the WI phase. WhesamRvas examined in parallel with
markers of blood Na the Athlete can be diagnosed witioderate hypohydration and
hypernatremia at the WI phase, however this is rescued after a period of rehydration

within 24 hours post competition at Bl(See Figure 72and7.15).

COWATERINTAKE (mL)  =@=0SMO (nOsmols-kgH20-1)

5000 1090 1200
4500 g-.
230 - 1000
S 4000 850 gq0 870 °0 gsp 860 870 Es
it 3
= 3500 0
% 3000 610 e
= 2
& 2500 60 - 600 E
E 2000 2
- B
= 1500 00 o
=
1000 | 00 2
500
2000 || 2000 || 2000 || 2000 || 2000 || 2000 (| 2000 [| 2000 || S00 4500 || 2000 || 2000
Y ? ? T T 0
=]

.~ N
Figure 7.12. Fluid intake andJosmthroughout the interventioand recovery period
(Grey zones denote differing time periods; Red markers indicate Uosm >700

mOs mol sAkgH2O0OT 1) .

In all semi structured interviews and despite probing, the Athlete made no comments in

regards to hunger or gimointestinal distress and reported no illness or irjuwigences
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7.3.3. Assessment of REBCons@uences on Markers of Heakdimd Performance

Metabolic

Assessment of t he Aghighlightee inFsgurengB. @hbooghadutc st at u
the interventionthere is a transient reduction in RMRsvalues by-37 kcal-day* at -4

WK, -72 kcal-day! at-1 WK and an exacerbated decrease in only a 4 day peridd%o
kcal-day! at PRE CUT, representing an overall reduction of 2&&al-day’. Howevey

this recoverswithin the post competition period by an increase of kdd-day* at +1

WK, represerihg a 390 kcal-day' increase from baselineExamining differences
between RMReasand RMRyeq AT is exhibited as36 kcal-day* at-4 WK, -99 kcal-day
Lat-1 WK and again amugmentediecrease of-213 kcal-day* at PRECUT. When
examined in tandem with RM&o, there is also a gradual decrease across the
intervention period, however with all valkieabove <0.90 except for at PREUT,
highlighted at an RMRi, of 0.87.

C—RMRmeas mmmRMRpred =—@—RMRratio

2 2200 118 [ 130
: E
= 2000 0.4 L
3 0.87 .
L 0.90
1800 ~
= - 0.80 =
) L 0.70 =
1600 2
- - 0.60
= L 0.50 %
S 1400 - 0.40
o L 0.30
E 1200 L 0.20
wn
= 1602 1453 2100 - 0.10
1000 . : : L 0.00
8 WK 4 WK 1WK PRECUT +1WK

Figure 7.13. RMRand ratio measurement throughout the intervention and recovery
period

(Grey zones denote differing time periods; Red markers indicate RMRratio <0.90
representing energy deficiency).
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Endocrine/Haematological

Endocrine profiles fortestosterone cortisol insulin, IGF1, LH, FSH and SHBG
inclusive of 90% CI and SWa@re all highlighted irFigure 7.4. Throughout all tested
periods during the intervention, there isgeadual reduction in testosteroneprofile
reachingoutside ofSWC at-1 WK andreference levels at Wyet this isquickly rescued
at +1 D andto near baseline levels at +1 WKo@sol profile levels remain stable
between an acceptable reference range of5#07/mmol/L at all time pointsinsulin
profile remainsconsistenthroughout the intervention period between226pmol/L and
then sharply increasto 142pmd/L outside of SWC and reference levals+1 D and
then reducing ta level above baseline at +1 WIKGF-1 andLH profilesboth marginally
reduce across the intervention pertodelow SWC inl1 WK to +1 D yet remain above
acceptable reference levels and are rescued to baseline +ESMemainswithin SWC
and reference levels at all time poin®1GB profileincreases beyond SWC & WK,
raising at eachsubsequentime point throughout the intervention and is the only other
endocrine marker outside reference range levels abMYlis reduced to below reference

and subsequent baseline levels at +1 Didnd/K.
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Figure 7.14. Hypogondal axigndocrineresponses$or testosteronand cortisol (A.),
insulin (B.),IGF-1 (C.), LH (D.), FSH (E.) and SHBG (Fnclusive of within 90% CI
throughout the intervention and recovery period

(Grey zones denot#ffering time periods and shaded areas represent SWC; Red markers
indicate values outside of normal reference ranges).
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Posmand N4, ureg creatinineelectrolyte profiles as markers of renal functionlusive

of 90% CIl and SWCare highlighted inFigure 7.5. Posm elevats throughout the
interventian risingoutside of SWC at4 WK, yet daesnot reach above reference levels
until WI, beforesubsidng at +1 Dto plateau above baseline at +1 WKa" remains
within SWC until PRECUT, where there is a sharp elevatimove reference levels at
WI, which is subsequentlyrescued +1 D and +1 WKUrea and creatinine also
consistentlyincrementabove baselinascending outsidef SWC at PRECUT, and urea
values which areabove an acceptable reference raaig@/l. Creatininestays within the
reference range at WI and steadily redutesvithin SWCat both +1 D andrl WK,

whereasureadeclinesat +1 Dto within SWCandthensharply rises again at +1 WK.
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Figure 7.15. Renal function profiles of plasniNa’/Posmoi(A.) and ureéreatinine(B.)
concentrationsnclusive of within 90% Cthroughout the intervention andcovery
period

(Grey zones denote differing time periods and shaded areas represent SWC; Red
markers/bars indicate values outside of normal reference ranges).
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Liver function markers of ALB, GLOBtotal proteinand bilirubin inclusive of 90% CI

and SWC arehighlighted inFigure 716. ALB biomarkers remain above reference levels

at all time points across the intervention and post +1 D+dn@K periods. Conversely,
GLOB remains stablevithin an acceptable reference levabeit with valueutside of

SWC other than at baseline and WI. Given the fluctuations in ALB and GLOB values,
total proteinremains elevated within the intervention period and outside an acceptable
reference range at Wbefore reducing in the post competitive period below baseline
SWCat both +1 D and-1 WK. Bilirubin is raised above reference range levels across the
intervention period, with a transient decrebstow SWC at-4 WK until PRE CUT and a
marginal raise awVl, before dramatically decreasirfgrther to reference levels post

competitive period at +1 D andl WK.
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Figure 7.16. Liver profiles ofALB, GLOB, total protein(A.) and blirubin (B.) inclusive
of within 90% Clthroughout the intervention and recovery period

(Grey zones denote differing time periods and shaded areas represent SWC; Red
markers/bars indicate values outside of normal reference ranges).
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Lipid profiles fortotal cholestergIHDL, LDL andtriglycerideinclusive of 90% CI and

SWC, are highlighted in Figure 717. Total cholestergl HDL and LDL increase
exponentially throughout the intervention periatid despiteremaining within the
respective SWC with the later reachingutside of reference ranges at ,\Whis
additionally elevatestotal cholesterolevel above an acceptable range. All markers are
quickly rescued to normal reference levels post competition at +befdre being
elevated againyet still within reference ranges at +1 WKridlyceride levels remain

stable across the intervention period, yet exhibit a sharp increase in the post competitive

phaseoutside of SWCalthough still within normal reference ranges.
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Figure 7.17. Lipid profiles ofHDL/LDL, total cholestero(A.) and triglycerides (B.)
inclusive of within 90% Cthroughout the intervention and recovery period

(Grey zones denote differing time periods and shaded areas repr¥g€niRed
markers/bars indicate values outside of normal reference ranges).
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Bone Health

Bone metabolism biomarkers bfCtx, PAINP, Ca phosphatend PTHinclusive of 90%

Cl and SWC are highlighted inFigure 718. b-Ctx is within SWC, yetabove normal
reference ranges at all time pointgth a steady increase from baselineatpeak high
value at +1 WK. P1NP is also all above the highest reference range at all time points
with an sharp increaskeeyond SWCfrom -8 WK to -4 WK, followed by a transient
decrease in the period leading irttee competitionat -1 WK, PRE CUT andback to
within SWC atWI. This is then followedby an increase above baseline post competition
at + 1D andr1 WK. The P1NPh-Ctx ratio is above 1.0 at all phaseanging from 1.2 at

WI to 2.2 at + 1D. Both Caand phosphateremain within both SWC andnormal
reference ranges at all time poinabeit with a sharp rise phosphatat +1 WK PTH is

within normal reference ranges throughout the intervention and post competitive periods
howeverrises steadilpeyond SWC at4 WK andthroughout alfollowing time points
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Figure 718 Bone t ur n o v eCtx/RiMPXAK,E€a/Fh(Bf) andPTH(C.)
inclusive of within 90% Cthroughout the intervention and recovery period

(Grey zones denote differing time periods and shaded agpassent SWC; Red bars
indicate high bone reabsorption values; Green markers indicate high bone formation
values).
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Cardiovascular

LVEDV/RVDAREA structure, EFRVFAC function and CGAR measured via
ECG/echocardiography amesented irFigure 719. Therewere no major changes in
either structure or function of the right and left ventrickegh only a hypertrophic
response of the LVEDV exhibited in PRE CUBoth CO and HR reduce transiently
from baseline at8 WK to PRE CUT with a rapid increase in both measures within 24

hoursat WI which plateaus in the +1 WK post competitive period
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Figure 7.19. ECG andelectrocardiogram measurements throughout the intervention and
recovery period

(Grey zones denote differing time periods; In graphs A & B bars represent cardiac
structure and lines cardiac function).
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Psychological

POMS and TMD are displayed Figure 720. Therewere no major differences in either
measurementroughout all time pointother than at Wlwhere there is a reduction in

POMS and elevated TMD above baselifitis is quickly returned to an iceberg POMS
profile ard reduced TMD 24 hours later@OMP and for all subsquent post competitive

phases.
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Figure 7.20. POMSand TMD throughout the intervention and recovery period
(Colouredbars andines denote differing time periods)
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Excerpts ascertainedfrom semi structured interviews, highlight howigs to the
interventionat -8 WK baselinethe Athlete describes thefear of losing such a large

volume of BM:

d 6amar ed, I 61 1 bl ed6 vheo nneesvte rw illbsksanyaomunt ak bighk e d t o

as this. o

However when rénterviewed at-4 WK the Athletediscussegheir elation at how the

process is going:

6l 6ve said this to my family and friends, [
weight processype of thingPhysically | feel probably in the best shape of my life and
mentally 1 &d&m happy through the eating and tr

Their disbeliefin successfully achieving their usual weight category f@reparation

competition without the need to engage in previously employed dehydration methods:

6Shocked latn@s htalpeoyfirst time | 6ve never had
natur al é1 meampriaocktmewei ghhein | sdni | | don

possible? &

And their newperceptionof nutritional practice:

@with training ités definitely the timing of
lot better for a lot dnger during training periodd. think the performance shown at the
weelend, it des have an impacOn competition day | ate through the day, | had
breakfast, had some dinnenal yeah, perfor mance was spot on

of food. 6
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In the final week prior to the weigh in at WK, the Athlete discusses their liegs
leading into the weigh in and their continugalxietyover their potential in making the

required weight category:

61 6d say my behaviour before | 6ve done this
like, because beforehand my mood would bewlotr se and | woul dndét be
|l 6d slip up on my diet, snack here, snack t
anxious feelig fam | going tdoumaked mt hae |voei gnhotr?ed c o

where | am now from where | wasi3veeks ag . 0

The Athlete also compares this period to previous practice:

d wouldndét say itbdbs been easy, the training
was used to do beforehand. ltds structured
drai ned, l 6m still full of energy, still trai
get my weight this [ ow and still ffeel as fit

think that was possibleéldm nothetimaeoiw f ocuss

toéltds optimising performance as well . 6

In the PRE CUT phase the Athlete describes tteailisationandconfidencan that they
are going to achieve the targeted weight categmith also a renewed sensefo€usnot

typically personified in previous preparations:

0Definitely 1 6édm more towards making it than
make it but |l 6d say my headds sort of i n tv
wei ght but he 6moptrobablygsdad | 6ve been on f

competition. o

They describe their previodsarsandthoughtson how they perceived the intervention

would affect their health and performance:
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0The thought of | osi ng -1t0Oh akti laonso,u nitt owa sw esi cgaht
been that weight for-3 years at least, so to go from that amount of time to then making

that weight again | was thinking Al dm gonna
gonna feel | ike <crbaupt iint 6asn db eceunt tohfe tchoemprlientgeo

And finally a sense adccomplishment

ol feel l' i ke I 6ve really accomplished, it os
the weight and we are so close to mlasking it.

or half the way. o

Finally post WI the athlete describes thexhilarationin meeting the targeted weight

category goal:

6l &m over the moon, to be honest, yeah, as |
| mean just to see it really,drm wher e we were at the start a
going to make thiso and stepping on the s

over whel ming. o

Performance

Ballistic and Reactive strength EUR/RSI profiles ascertained from CMJ/SBRhare
highlighted in Figure 7.2 From baseline at8WK until -1 WK there is an 8.1%
reduction in SJ/CMand BDJ JHDespite thisboth EUR and RSI both increase by 3%
and 19%, respectivelgiven transient fluctuations in SJ/CMJ 8Hd reductions in GCT.
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Figure 7.21. CMJ/SJandEUR (A.) withBDJ/GCTandRSI(B.) scores throughout the

MDS profile via both bench press and squat 1RM testhisive of 90% Cl and SWC

are shownin Figure 722. At all measured time points, both upper and lower MDS

increased botrabsolutely by &% and relatively by 1819% (ncreasing outside of

SWO), despitereductions in BMthroughout the interventiofm.b. bench press was not

completed at +1 WKdue to the Athlete fracturing their left hand in competition

(Grey zones denote differing time peri@shsl shaded areas represent SWAbBsolute
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MDP upper and lower F/V profiles areighlighted inFigure 7.3. From -8 WK at

baseline to -1 WK, MDP increases in both upper absolute and lower relative

force/velocity and power curve profiles.
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Figure 7.23. Upper (A.) and lower (B.) force/velocity and power proflBP throughout

the intervention

(Coloured lines denotdiffering time periods).

Aerobic @ardiorespiratorycapacity measured by maximal oxygen uptak&usive of
90% CI and SWCis highlighted inFigure 7.2. At all time points throughout the
intervention both relative and absoluté’Ozpeax Values increase exponentially

representing a 19% and 13% improvement, respectively. Absolute values are maintained

at +1 WK, vyet this decreases relatively in relation to increases in BM post competition.

However despite this, relative values remain dldabovebaseline SWC aall time

pointsTher e was al so

an

i & peakpofie frorm®B2y Aati At hl et €

at 44% to 0.7y A ntiatn60% \fOzpeak from -8 WK to -1 WK. However, there was a
dramaticreduction from baseline in AWK represented by 0.42 A rtiatr80%\Ozpeak
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Figure 7.24 Absolute and relative aerobic cardiorespiratory capacity measurements
throughout the intervention and recovery period

(Grey zones denote differing time periaagl shaded areas represé&\WC; Relative
values include within 90% Gl)s

The Athlete won the gold medal at the championships, after successfully winning 4
matches by scores of -Blin the round of 16, knockout in the quattials, 265 in the
semifinals and 224 in the final, siccessfully qualifying for his elected weight category

to represent the national team at the 2018 European University Games.

The Athlete had the following final reflections in relation to the whole intervention and

his final achievement:

0 Phy s i e meler felt sb ieady. | felt like, you know, this is what the whole past 8

weeks hadeen leadinguptoAs r eady, best prepared as | (
slightly tired from the dehydration but again, there were justnegatives from the

weight losé it 6 s t he second c¢ o mp eatantthrooghoutwhle daye | 6 v e
now.Bef ore then | 6ve never really eaten until
whilst eating and felt amazingNut r i t i on al habits were good |
made thewei ght and | candt believe | took the g
prepare for competitionél cannot thank you a
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7.4. Discussion

The aim of this study was to examine the effect of a periodised nutritional and training
intervention on symptoms of REP consequencesn an international standard
Taekwondo athletevhile making weight for competitiornThis investigatiorrepresents

the first time a periodised nutritional and training interventtoas been utilised to aid an
international standard Taekwondo athletadahievinga target weight category and only
the second time in combat spofidorton et al., 2010)Additionally, due toprevious
researcl{seesection 2.84) alongside the findings of Chapters 5 and 6, it was possible to
also establish measurements of BAd WDEB whilst concomitantly assessing the
potential for REBS consequences, which have never been preyialracterised in

this demographic.

The dietary modulation ithis study was to meet the minimal energetic equivalent of the
Athletes RMR at 1700kcal-day?, in line with previous guidelined.anganEvans et al.,
2011) which have been successfully implemented in a numbestleér case/cohort
studies injockeys(Wilson et al., 2012; Wson et al., 2015andin professional boxing
(Morton et al., 2010) Whilst below many recommended nutritional guideliresd
resulting in an average EA @D kcal-kg-LM -day?, this case study adds the emerging
evidence that this may regent a critical threshold of Eio support primary
physiological functions independent of an increase InEE and/or EA status.
Additionally, it appears that the prescribed macronutrient intakes support thaigesd

of SundgotBorgen et al. (2013)are key in preserving LM whilst reducin FM (as
described in section 28 andservet o 6 f uel f or 6(mpeget A.p2016) r equi r
During the first sevemweeks of the intervention this Bhd EAappears to maintain both
RMRratio and LM at homeostatic levels, albeit withinor transient reductions, which
appear to be linked to the time spent in energetic déeiys et al., 1950; Muller et al.,
2015) Intriguingly, it is not umil the week prior to WI, when there is a dramatic
reduction in El {200:300 kcal-day?) and EA (<7 to %cal-kg-.LM -day?), that RMRyatio
becomeseverelysuppressecaiccompanied bgnexacerbation of AT in a period of only

5 days. Whilst these adaptains have been linked to parallel reductions in the
neuroendocrine hormones of tlypothalamiegonadalaxis axis (Elliott-Sale et al.,
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2018; Rosenbaum & Leibel, 201@®nly testosteronand SHBG go owside of normal
reference ranges, yate quickly rescued withi48 hours after a period of refeeding, in

agreement witlpreviousinvestigations examining this paradigeeesection 2.8).

Despiteliver function biomarkersvhich are concernedly high throughout the intervention
period, previous evidence highlights thayperalbuminemia has been associated with
higher PRO intakes and intense exer¢Meatlu et al., 2006)whilst hyperbilirubinemia
has beetinked todramatic changes in exercise volumes of athletic demograjWitsk

et al., 2017) A greater cause for concern are both the renal function and lipid profile
biomarkers, particularly in the PRE CUT and WI phases. T&e in plasma Na
concomitant with incrases in ureais indicative of hypohydratiomypernatremia and
whilst these levels wouldot serve to cause acute kidney injury, they are still markedly
high considering the limited amount of BM loss via dehydration (2.8%). Additionally,
with an alarmig increase in both LDL and TC, examined in parallel with 24 hour
increases in both HR and CO, this highlights the dangerparticular relating to all
cause mortality of hyperthermiduring excessive dehydration (>58M). Howeve,
despite these changes, both cardiac structure and function remain unciratigating a

nominaleffect of either LEA or dehydratioon this factor of REES.

Whilst bone reabsorptiomeasureds i aCtx bs above athletic reference ranges at all
time points, this appears to be offset by levels of bone formateasuredsia P1NP,

which maintains a positive ratio of bone tureoy>1.0). This suppastrecent hypotheses
thatthe osteogenic stimulus of the Athlé&éraining regimanay have offset the negative
effects of LEA statugseesection 2.%). However, it is interesting to note that during the
final -1 WK to WI phasewhen the energetic deficit is increased, there is a steady decline
in P1NR yet this coincides with when théthletefs training volume was gradually
reduced to taper into the COMP phase. This hypothesis can be supported by the steady
increases in PTH throughout the intervention period, which reach levels 157% above
baseline inhie post competitive phase at +1 WK. This interaction plays on maimgain
homeostatic levels of Candphosphatewith the large increasenthe latterduring +1

WK, also likely regulated by a 104% increase in dietary phosphorus during refeeding.
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There were no apparent negative associations of either POMS or TMD during the entire
intervention periodgiven the consistent iceberg profiles, which is in support of other
case/cohort research studies examining iterations of this intervention ingqeXigson

et al., 2012; Wilson et al., 2015owever, his doesconflict to otherinvestigationsin

body builderdRossow et al., 2013yet these psychologicalsturbances were displayed
over moreprotracted periosl(>6 months) in comparison to this interventitinshould be

noted that there were decreases in vigparallel to increases in tension, fatigue and
confusion during the WI period, although this has already been well characterised during
A/RWL induced dehydratioifiseesections 2.6 rad 2.85). Despite this, the quantitative
responses of the Athlete during all phaseghlight that there are no perceived negative
associations at this time point, with consistent reference to how the intervention was a
major improvement on previous pt@e, whilst also feeling the most psyeho

physiologically conditioned they have ever been in their competitive career.

Therewere no negative associations of REronsequences on all tested parameters of
performancewith the Athlete wellabove all normative values described in section 2.3
Despite reductions in JH via CMJ/SJ/Bidere were consistent increases in both EUR
and RSI, tantamount to major improvements in ballistic and reactive strength, which were
target components of the S&E@aining programme and are crucial for Taekwondo
sporting performance (sesection 2.3.1. MDS and MDP measured both relatively and
absolutely, were increased throughout the intervention period regardless of LEA status,
conversely to studies on male boblyilders (Rossow et al., 2013nd elite endurance
athletes(Tornberg et al., 2017although yet again these were in prolonged periods a

in a female cohort so make comparison difficult. There wals no negative
associations of REL3 on the Athletés aerobic cardiorespiratory performanegain
measured both relatively and absolutely. This is in agreement with a number of studies
highlighting that this appears to remain unaffected by LEA s{@tosberg et al., 2017)

and also in individuals with eating disord€Es Ghoch et al., 2013All of these results
conflict with the emerging idea of RED consequences on performaridekerman et

al., 2018; Mountjoy et al., 2018)et it should be noted that there is a paucity of research
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in this areawith most studies identifyincghts paradigm via observation rather than direct

measurement.

Despite the Athlete being in a state of LEA throughout the entire intervention period,
they were able to complete all prescribed training sessions with no evident effect on
measures of wellnesw training load, which is contradictory previousevidence(see
section 2.8.h Despite not specifically implementing objective assessments, there were
also no incidences of gastrointestinal distesssr immune function disturbanse
however, given no increasesdna t e ¢ h o dbavenacceptable reference leyétss is
unsuprising. Interestingly antb the authors knowledge, this is one of the first studies to
characterise the effects of LEA on markers of sleep, highlightingffect eon either
duration or efficiency, with these factors only being effedigdiuctuations in training
scheduleas has been previoudhghlightedin athletic populationgFullagar et al., 2016;
Sargent et al., 2014Yaken collectively, all this data appears to support the idea that a
threshold of <30 kcal-kg-FFM-day* may be too high to cause RED in male
populations(Burke et al., 2018aind couldrepresent a value ok20kcal-kg-FFM-day*

as suggested byagerberg (208), although further studies in larger cohorts are

warranted to conclude this definitively.

Despite the success of the intervention and no obvious symptoms eSRIEBhould be
noted that post competition in the +1 WK period the Athlete underwermxeessive
period of rebound hyperphagia, where EI for thére period was in excess of ,880
kcal-wk®. Whilst this didnot result in pronounced FM overshoot, BM increased by
13.2% to near baseline levels in only 7 days. This also resoleegroiounced effect on
the Athletels measured RMRi, (>1.10), with absolute values in excess of 22% from
baseling concomitant with unfavourableiglyceride cholesterobndLDL lipid profiles
and hyperinsulinemia that represent postprandial valuespitdethe Athlete being

assessed after a 12 hour fast.

Discussing this with the Athlete during semi structured interviews they made the

following comments:
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On the hyperphagic response 6 €t her e was probably points w
the bagandny partner, mum or dad were | i ke nAare
i ke dl need it, I want itoel didndét quite

shoot wup quite a bit after the fight once |

gui lty [l aughing] él think there are times wh
agai n, not really feeling guilty about It
example, myartneror myparentsar e | i ke fAare you stil/l eat i n
but | need to my body is craving itébéo

On the cravings they feldtl woul dndét say that the food t ha
sort of in that happy place, rewarding myself. | went for a mealn@aht so | think it is

just that sort of reward feeling, but | o6ve
week, a little week off training, nutritional habits will slip a little bit but will get back to

it get t hat wei gbt backgsowné&a, caugloaupl e
thinking |ike hot chocolate or just |ike a |
than anything. Just high calorie stuff |i&ke

On how they feel about consistently eatiagt  t h i n k ngtishfer emjogiment, like,h i

the chocol at e, little snacks, Il think it is
eating it or thinking about the weight to be
| have started to think about, like, thear future, | do need to start getting back into sort

of a meal plan, well not a meal pl an but not

And changes in their physiqu@:l woul dndét | i ke to go above wh
That would just make thelomgun even harder than the first

really want to go overégoing so high so qui
guilty but, you know, it was good to be in
gui |l ty tihnatt hlabtm snhoatpe at the minute as | kno

217



When examining this in line with the WDEB assessment it may be no coincidence that
there is a manifestation of rebound hyperphagia given the large deficit induced by the
intervention, which only plateaus after 7 days of excessive El. The behaviours displayed
here are also in support of theseart highlighted in section 2,9vhere this is inherent

of recovery from a chronic interruption in energetic homeostasis.

Finally, this intervention represented a major change to the Athldtabitualmaking

weight practices, which also resulted in a differing perception post competdidiy

mi nd setbds changed compl et el y3wedkaleforar t han
competition and feeling like crap on the day, it is easier and much better for performance

to just extend that time period and get the
really made me realise carbs actemhiotight he ene

training and performance on the day. o

7.5. Conclusion

This case study highlights thataking weight for combat sport athletes can be
successfully achieved via combination of restricted ygperiodisedEl according to the
daily demands of training. Despite a transient period of LE#0r minimalnegative
associationof RED-S consequences on both heatih either tested and competitive
performancearametersvere apparentCrucially this study adds th¢ growing evidence
base that the current LEA threshold mas too highin male populationsparticularly
given evidence suggésg) this may represent closer to €@al-kg-FFM-day*. Research
examining the repetition of this interventiactross mulple time pointsis warranted to
help furher our understanding of RE®, particularly in malesand potential effects of
chronic LEA in combat sport athletes. However, the rebound hyperphagic response
manifested by this intervention is a cause for concEurther research is needed to
understand the metabolic regulation of tbhandition, in line with strategies to rescue

major reductions in WDEB both during and post intervention.
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CHAPTER 8.

Synthesis of Findings
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8.1. Synthesis of Findings

The studies presented within this thesisenhprovided novel datahat will significantly
enhancehe literature in regards to tmeakingweightpracices of international standard
Taekwondo athletes, key stakeholder groppeceptions othese practices, methods to
examineboth body composition arekerciseenergetic expenditur@s well as a proposed
nutritional and trainingintervention thatcan be employedwithout the negative
associations of REL3 consequences. Thellbwing Chapter summarises the key
findings of this thesis in line with the aims and objectives presented in Chapter 1. A
general discussion will be presented along with limitatiamsl practical findings,

inclusive ofrecommendations for future research.

8.2. Achievement of Aims

The main aim of this thesis was to assessntlaking weight practices, influences and
psychdogical and physiological health and performance of international standard
Taekwondo athletes during BM loss for competition. Toeahthis overall aim it was
necessary to survey international standard Taekwondo athletes during a competitive
weigh in, whilstexaminingdifferences betweesexes, age divisions an@G/WT weight
categories Furthermore, it was crucial to explore the pgtons of key stakeholder
groups inclusive of athletes, coaches and parents in regards to these pitactiocéizer
understand the context of how to engadgntified issues in subsequent investigations.
Additionally, it was a key requirement to invagie methods taneasureboth body
compositon andenergy expenditurén this demographicto provide avalid means to
assesthese variabkein the field. If the aims of this thesis were achieuwat would then
afford the possibility of creating antervention to combat thélentified issues In
Chapter 1 eight specific objectives were proposed and these will now be sequentially

evaluated.

220



8.2.1. Assess the frequency, occurce and magnitude of BM lossiiriernational

standard Taekwondo athletassituandexamine potential differences betwsenes,

age divisions and WT/OGategories

Objectivel was addressed fatudy 1 ofChapter3. To date no study has surveyed the
frequency, occurrence, and magnitude of international standard Taekwondtesathl
directly after a competition weigh ifthis demonstratethat in agreement with numerous
investigations highlighted isection 2.6 thatthere were no differences betwesexes.
However, there were key differences in the approachesakingweightamong athletes

in the differing age divisions, which were not driven by the time spent in the sport, but
ratherthe requirement to lose more BMiven a reduced amount of weight categories
and increases in category differences among the older amggsgrFrequency and
occurrence were linked to the amount of events throughout a competitive season, whereas
a novel finding of this study was that the range of BM loss among both Junior and Senior
competitors was much higher thahas been previously chatarisedfor OG weight
categoriesFurthermore, Chapter 3 also elucidated that all age divisions predominantly
lose BM via chronic engy restriction and increased expendituregereas the older
divisions additionally rely on A/RWL techniquesnclusive of active and also passive
dehydration, alongside more extreme methods such as fat burners, diuretics, laxatives,
enemas, spitting and vomitingh agreement with previous literaturesection 2.8, the

study alsahighlighted that théey influence in the decision to engagemakingweight
practices was coaches and team mates. However, additional influences were also
identified in the form of parents in the younger age divisions and also national team

selection policies.

8.2.2. Analyse the ergogenic dietary supplements utilised by these athletes, to support
making weight and performance practices in tandem with knowledge of use and anti
doping histories

Objective 2 was addressed in Study 1 of Chapt€&odciding withobjective 1, forthe

first time in a large cohort ahternational standarflaekwondo athletes of differing age
divisions, dietary ergogenic supplement use veasminedhighlighting a link between

specific utilisation to support performance enhancenaga making weight practices.
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Whereas prior to competition many of the athlettissed ergogenic dietary supplements
that werepurportedto supportweight loss andhealth benefits, post weigh in many
indicated consumptiorof ¢energy based products. This studgiso identified via
gualitative enquiry that the large majority of athletes htl@ knowledgeon how to
scrutiniseergogeniadietary supplements fopotentialinadvertentantidoping violations
despite a proportion dhe surveyed populatiomndicting they had participated in amti-

dopingtest at some poinh their athletic career.

8.2.3. Explore stakeholder perceptions of the influences which encourage the
engagement ithese practices and behaviours

Objective 3 was addresseth Study 2 of Chapter 4, whichserved to explore the
perceptions of influential stakeholder groupkentified in Chapter 3elucidating a
number of novel findings. Firstly, the athletes expressed their engagement in BM loss
was not only to gain but to also limit the advantages of opponents. None of the
stakeholder groups identified any association \wmgkingweightand the importance of
physique, conversely to other published research, yet this highlighted a number of issues
among coacle and parentgelated to espoused vs. enacted values and cognitive
dissonance, particularly in relation to different age divisions. Interestingly, previous or
current involvement in the sport elucidated conflictions in the perceptiomsaking

weight practices among coaches and parents, yet all agreed it was coaches who chiefly
had the main influence on the athletes and they required a greater level of knowledge in
order to act in this capacity. Chapteradso highlighted that many athletes would
predominantly reduce CHO, FAT and fluid intakakngside reductions in meal size and
frequency in order to lose BM for a specified weight category. The relationship with
CHO and fluid in thenakingweight phase was completely ressed in the posteigh in

period were athletes stated their importance for competitive performdige. study
highlighted in even greater detdihe individual strategies of athletes post weigh in, with

all expressing the desire to engage in rebound hyperpbagaviours, with those who

did describing negative gastrointestinal symptoneg conducive with positive sleep and
competitive performance. Post competition, all athletes describe a rebound hyperphagic

period, which often causes internal mental conflictiparticularly in relation to BM
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overshoot and the fear of going too far above their elected weight category. Whilst many
of the athletes believed they had adequate nutritional knowledgey described the
difficulty in eating appropriately due to timestraints and economic cost. Additionally, it
was highly evident the athletes had no clear understanding of how to scrutinise dietary
ergogenic supplements for safe use and avoid potential inadvertendogimt
violations. Conversely, both the coachesl grarents voiced their discontent with the
athletes nutritional practices believing them to be unsatisfactory. However and as
identified previously, all groups expressed how a greater level of nutritional knowledge
was required for all stakeholders in t@ort,yet againin the coach group who have the

largest influence on athletes in this area.

8.2.4. Evaluate the body composition indices of international standard Taekwondo
athletes and absolute BM losses whegquieed to make weight for OG &vT

categories

Objective4 was addressed iStudy 3 ofChapter 5.To date no study has examined the
difference in BM loss magnitudef international standard Taekwondo athleteguired

to make weighfor differing WT and OG weight categorieSlany of theathletes were
within an acceptable 5% BM loss range up to 4 days prior to weigh in for their elected
WT category, yet this increaseonsiderably if they were required to meet their OG
weightcategory. A large percentage of the athletes would be abo\B\b%ndependent

of losses that could be achieved via reductions in body tissues, highlighting the
requirement to engage in extreme A/RWL practiddss studyalso highlighted both
whole BM and regional indices of BMC/D, LM and FM/% in internatiostandard
Taekwondo athletes diiffering OG weight categorigzior to BM loss utilising DXA as

a criterionmeasurement method. There were significant differences displayed between
each athlete category in BMC/D, LM and FM, with young&s kg Fly athletes being
considerably lower in most variables than oldé8 kg Feather and80 kg Welter
athletes.Additionally, there were also no differencé and LM indicesbetween the

dominant and nodominant lower limbs in all athletes.
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8.2.5. Determine the validity and accuracy of commonly utilised field based body
compositional measures in comparison with criterion laboratory equipment

Objective 5was addressed in Study 3 Ghapter 5 Coinciding with objective 3, this
study compared a range ofsir FM% equations against DXA as the criterion. Two
equations were identifieth have an acceptable level of validity and accuragych can

be utilised within thigpopulation for measurement of FM in the fielhis will therefore

aid in BM loss interventiongo identify FFM with agreater level of accuracy faise in
calculationof EA status.The other eight utilised equations wdmnghlighted to have a
reduced level of accuracywherethey are not recommended for use in the field and the

data generateid studies employing these techniqsésuld be interpreted with caution

8.2.6. Design and assess the efficacy of an ecologically Vatidratory protocol, which
mimics the physiological demand of Taekwondo competitive activities.

Objective6 was addressed iBtudy 4 ofChapter 6. Anumber 6 studies in section 2.8
have highlighted the energetic cost of simulated Taekwondo ,dmutshese have been
conducted with laboratory based measures, which are impractical in the Tinetk
separatsimulated Taekwondo competition pawrk (STCRW) protocols with varying
levels ofactivity.:recoveryintensity were eated and examined in tandem to data from
current research investigations of actual competitive bouts. With SVCEP.2
demonstrating the highest level of ecological validity, this protocol could now be used in
future investigations examining the paramgtdrcompetitive bouts withifaboratory or
field based settingand as a sport specific conditioning intervention independent of full

contactactivities.

8.2.7. Establish the validity and accuracy of field based and criterion measurements of
AEE duringuse in an ecologically valid laboratory protocol

Objective 7 was addressed in Study 4 of ChaptéN@ilst there is &ody of research
examining the AEE of Taekwondo activities in the laboratbejyd based measurésve
been conducted but with nemlidated portable actigraphynits, which may provide
significant under or overestimations. this studythe Actiheart combined accelerometer

and HRportable actigaphy unit was validated fothe acceptable measurement &R
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againstindirect calorimetryas the critéon standardwithin all the STCRW protocols
desigredin objective6. This nowmakesassessment of the energetic cost of both training
and competition irecological settings more feasilbded was essential along with the
findings of Chapter or the calculationof EA and WDEBstatusduring the nutritional

and training intervention iBtudy 5 ofChapter 7.

8.2.8. Examine the effect ofggeriodised nutritional and training intervention on

symptoms of REIS consequences whimaking weight for competition

Objective8 was addressed i8tudy 5 ofChapter 7. Thragh the findings of Chaptets

and 6 it was possible to assess the EA statuadkwondo training andompetition
activities, which havenot been characterisegdreviously Utilising the data fromall
subsequenChaptersan alternate nutritional and training intervention was implemented
for an international standard Taekwondo dthllesing >13% BM over a gradual period

of 8 weeks, without the need to engage in extreme A/RWL techniques. Additionally the
examination of REES consequences on both health and performalicglighted
minimal negative associations despit&EA status tlhoughout the intervention. The
findings of this study are novel and demonstrate that international Taekwondo athletes
can make specified weight categoriesithout disturbances to psydogical and

physiological health and performance as described in Chapters 3 and 4.

In summary it can be concluded that the aim and objectives set out in Chapter 1 of this
thesis have been achieved and consequently the findings of the subsequent studies have
significantly added to the literaturén regards to the psyclogical andphysiological

effects of making weight in international standard Taekwondo athletes.
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8.3. General Discussion

Chapter 2 highlighted there is general paucity of research examinimgatiagweight
practices of international Taekwondo athletes during BM loss. Those studies which have
been conductedre largely descriptive and despite being a new area, no investigations to
date have examined the potentiallLdfA status or REES mnsequences on the health
and performance of this athlete demographic. Additionally, no current research has
investigated if an alternate approachrtakingweightcould be employed for reductions

in RED-S syndromesThe five studies undertaken ihig¢ thesis provide novel findings
which serve to enhance tmeakingweightpractices of international standard Taekwondo
athletes, in relation to behaviours, education, assessment of YEBE&atus and
structured dietary and training guidance, all of which can enhance the health and

performance of this demographic during BM loss for competition.

By examining the reductions in weight categories and increases in category differences
throughout the aggroupsn Chapter 3it shoud come as no surprise thagnior division
athleteshave a requirement to lose greater amounts of BM for competition. This in turn
results in the need to engage in extrenakingweightbehavioursinclusive of methods
which may negatively affect health and can cause potential injury or death. The
descriptions of these effectsy both athletes and external stakeholder grooighlight

that there is no desire to engage in these practices, yet they are deemed naxressary
improve performance advantages. Stakeholder perceptions examined in Chapter 4,
highlighted that whilst many of the groups felt they were educatethkingweightand
nutrition, there was a genuine desire to be further upskilled in these aréegendent of
sporting or norsporting involvement. There was also a clear message that national and
globalfederationgoverning bodies should be driving thi®pess, with abjectiveview

of protecting athlete health above all elbg integratingadditional weight categories.
Ironically it appears that this is a vicious cycle, whereby the weight categorisation of the
sport to protect the athletes from contests betweenpetitors ofunfair proportion, is
having a detrimental effect on athlete lileah preparation for competition. Ultimately

this can only be mitigated by changes in rules and regulations of weight categorisation
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and/or to better educate those within the sport to safely manakjagweightpractices

for specified categories.

Chapter 5 highlighted that many of the athletes within the sport were engaging in
A/RWL, vyet still had body compositional tissuesich could be modulated to further
reduce BM independent of these practices. However, this information can only be
accuantely assessedy criterion methods, which are often not available outside of
research settings. On that basis this thesis has provided a means to assess body
composition with greater accuracy in the field, with ecologically and economically valid
tools. By arming practitioners with the ability to measure the potential for BM losses, this
in turn with an improved education platforshould translatéento the ability to justify
making weight for specified categories, based on a more sciemtitionale and within

safe and ethical boundaries of practide. defined in Chapter 6hé ability to measure
body composition alongsidexerciseenergetic expendituyén various field based sport
specific activities, can again afford the possibiltymieasure EA status. This in tandem
with a host of other subjective and objective measurements, can provide meaningful
information about athlete health during the engagememhaking weight practices.
Finally, the nutritional and training intervaah prescribed in Chapter, Righlights how
makingweightin international standard Taekwondo athletes can be achieved both safely
and effectively. Howeveiit must be considered that the methods provided in Chapters 5
and 6 alongside those which easured a more global view of EB what makes this
intervention so successful. To conclude and coin an excerpt of Sun Tzu from the Art of
Warr:

60The gener al who wins i n battl e under st anc
calculations in his temple eredlbattle is fought. The general who loses the battle makes

but a few calculations beforehand. Thus do many calculations lead to victory and few
calculations to defeat. It is by attention to this point that | can foresee who is likely to

succeed andwhoisi kel y t o f ail in battle. 6

A schematic representation of the main findings of this thesis are presented irBFigure
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Figure 8.1.Schematic representation of the main findings of this thesis.

The necessity to make weight via the prescribed weight categories (Chapter 3) results in
Taekwondo athletes being advised by support group networks (Chapter 4) to engage in
negative BM loss practices, which may cause LEA and fSEBhapter 3 & 4). Through
a better understanding of body composition (Chapter 5grextise energy expenditure
measurement (Chapter 6) in this demographic, an alternate nutritional and training
strategy was implemented and despite |LE&Sulted in minimahegative consequences
associated with REIS syndromegChapter 7).
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8.4. Limitations

The present thesis has significantly advanced the knowledgeegards to the

psychdogical andphysiological effects of making weigtidn the healt and perforrance

of international standardaekwondo athletes. The research undertakas resulted in 5

conference communications, two invited research talks at University institutions, an

applied BASES article and also a book chapter. These studies dlsw recruited
participants who <coul d be <c¢classified as 0 €
continental, world and Olympic medallists who are at the highest level in the sport.
However, despite the strength and novelty of this thisssnotwithout its limitations. A

number of these limitations are relatedthe desire to maintain the highest level of

ecological validity, limited participant demographics, and/or the inability to take

measurements situ. The main limitations of the thesis will now be outlined.

8.4.1. Study Ii Body Mass Loss and Ergogenic Dietary Supplement Practices in
International Standard Taekwondo Athletes: Effects of Sex and Age Division

Due to the survey beingonducted prior to the new WT 5%-weeigh in ruling, it is
difficult to ascertainif this hasyet had an impact on the BM loss behaviours of this
athlete demographic and may have reducedfrdfguency,occurrence and madodes
displayed in this study. A limited sample size in comparison to previous investigations,
with uneven groups in eachge division and betweersexes, also d@s not allow a
balanced and complete representati@v of the entire targeted populatioRinally,

given the close proximity of the survey post weigh and driven by the desire to rehydrate
and refuel above all other priorities, this may have resulted in the reduced gqualitative

responses received and in potentialiywolutedreplies throughout.

8.4.2. Study 2 Stakeholder Perceptions of Making Weight and Nutritional Practices in
International Standard Taekwondo Athletes.

The reduced sampleize among the stakeholder groupshis study hinders a deeper
analysis of the currently presented perceptions or affording additional opportunities to
elucidate further insights. Thereas no survey of athletes from the younger age
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divisions which woud serve to confirm some of the assen@sivs of Coach and Parent
groups and thishould certainly be addressed in future rese&ekpite the familiarity of

the interviewer being perceived as a positive, this could also be construed as a negative
given they may contaminate lines of enquiry with their own preconceived notions and
biases. Finally as all interviews were conducted via telephone and not face to face, this
may haveresuled in loss of caitextual and nonverbal data, whilst compromising the

rapprt, probing, and interpretation of responses.

8.4.3. Study 3 Magnitudes of Body Mass Loss Between Olympic and World Weight
Categories and Measurement of Body Composition Indices in International Standard
Taekwondo Athletes

This studyhas only been conducted inSanior male population, with a limited number

of participants and at one distinct time poiAtditionally despite the best efforts to
standardise measurements during DXA assessamehitilising a best practice protocol,

an examination of T®/ would haveprovided a clearer understanding of the hydration
status of each athlete prior to scanning, given they may have been hypohydrated due to

the close proximity of the competition weigh ins.

8.4.4. Study 4 Comparisons of Perceptual, Physiological and Energy Edipere
Measurement During Simulated Taekwondo Competition Bouts: Influence of Differing
Activity:Recovery Ratios.

There area number of limitations associated with this study. Firstly whilst all the data
may prove useful in the context of international standard Taekwondo athletes, this has
only been conducted in males, with a small sample Giggher limited by the number in
each weight category. Whilshdirect calorimetrymay be regarded as feeld based
criterion measurement for the assessment of AEE contributions, the Polar RiISR00

for measurement of HR is not and the study would have benefited greatly from utilising
portableECG for this variable. Howevegiven theplacement positiof the Actiheart
electrodes this wasot feasible. A key limitatiorwasthe absence of total energy systems
AEE data which ignores the contributions of anaerobic metabolena also the

calculation of EEE via AEE withthe removal of TEE variables. However, given that the
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Actiheart branch chain equation calculation is based on regressions from solely the
aerobic component of AEE, it was decided to focus on this independemystlidy has
utilised calculations of AEEather than EEFgiven that measures were not undertaken to
estimate the other components of TEE, Bowe r asd tAhEeE Odvogarlausess o f
Actiheartandindirect calorimetrywould result in the same nections of TEE, this would

not confound the least squares comparisengployed during the statistical analysis
Finally, whilst conducted in laboratory conditions and with strict controls, the ecological
validity of the study can also be questioned. fiteswearing similar typical training

attire this was in the absence of the protective equipment worn in competitive bouts. The
size of the competitive area was reduced given the footfall ointtieect calorimetry
equipmentand the kicking combinatien were limited tomultiples of a singular
technique. Whilst these restrictions were necessary to control for comparisons of both
conditions and measures of HR and AEE, these protocols should now be conducted in

more ecologically valid setting to test ttabustness of the study design.

8.4.5. Study 5 Making Weight Safely: Manipulation of Energy Availability and Within
Daily Energy Balance Without Symptoms of REh an International Standard

Taekwondo Athlete

Being a case study, an obvious limitatismlueto the reduced sample size. Additionally,
despite the EI being well controlled via the provision of all meals throughout the study,
this can be regarded to have low ecological validity, given this would not ordinarily occur
in practice. The study would havbenefited greatly from the measurement of core
temperature for potential associations of AT, however, the participant wotialow

rectal measurement. Finally, the absence in examinationspfl4 T leptin and ghrelin
biomarkersdue to being unablto analyse the assays for these measuresndoakow

a moreglobal view of the neuroendocrine metabolic interactions of both LEA and

rebound hyperphagia.
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8.5. Practical Implications

From the findings of the five studies within this thesis, theeeraumber of important
practical implications that may be considered by international standard Taekwondo
athletes and their gatekeepers, inclusive of coaches, trainers and rgitbahl/

federationgoverning bodies as follows:

1. Due to the reductio in weight categories throughout the age divisions, targeted
making weight and nutritional education should be provided for the Cadet and Junior
athlete groups. This in turn should lead to improved behaviours of BM loss as the athletes
progress tlough each age cycle. However, ultimately the results of this thesis have added
to the growing literaturehighlighting a need for moneeight categories in the Senior

division, particdarly in Olympic andrespectivagualifying events.

2. The results ohumerous Chapters within this thedisve highlighted the nutritional
knowledge of all stakeholders, principally inclusive of both athletes and coaches is poor
and current policy and education is inadequate. Targeted educational packages should be
designé, considering the recommendations of stakeholders in Chapter 4, which cover a
range of sport nutrition topics inclusive of adtiping information and the use of dietary
ergogenic supplements. First and foremost, this education should be tatgatadles

and could form part of national, continental and global licensing platfagiven this
stakeholder group isonsidered the gatekeeper dilate advisement in all matters

relating to performance.

3. The assessment of body composition in Chapter 5 now provides novel data and also
valid and accuratenethods of assessment, which can be employed in the field. Whilst

x gkt are often prescribed as the most appropriate for use in athletic populationsidhis gi

a limited view of compositional tissues, whereas the validated equations highlighted in
this thesis may give practitioners a more contextuwaew of how BM losscan be

achieved safely without negative impacts on both health and performance.
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4. Theexaminationof AEE in Chapter 6 also provides a means whereby this can now be
assessed with a greater level of accuracy in the field. This allows for collection of data in
ecologically valid settings, inclusive of full contact actiomsompetition, whiclare still

as yet uncharacterised in the literature.

5. The STCPW protocol designed in Chapter 6 now also provides a novel means of
assessing the physiological responses of competition within a laboratory setting, which
was previously considered impra@l. The ecological validity of thactivity.:recovery

ratios in STCPW 1:2 protocal also allows this to be considered for rmontact based
training interventions, particularly during taper periods legdifto competition where

injury reduction isessential.

6. The novel assessment of WDEB highlighted in ChapteoW allows practitioners to
examine fluctuations in energetic status throughout a global 24 hour period. The
accumulative assessment of imbalances in energetic homeostasis, takes into consideration
a more holistic view of both El and training bagediodzation,for the harmonisation of

gradual B/ losses with reduced potentfar RED-S consequences.

7. The periodised dietary and training intervention proposed in Chapter 7 could now also
be utilised by athletes when making weight for specified categoreducing the
negative psychogical andphysiological effects highlightechiChapters 2 and by the
athleteparticipants in Chapters 3 and 4.

8. It appears that despite the potential for LEA status among this derhagdping

makingweight Chapters 5 and 7 have elucidated the osteogenic stimiuliesekwondo

training activities may offset any negative effects of REDn bone health.
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8.6. Recommendations for Future Research

Based upon the findings of thteesis, future research is now required to further our
understanding of the psydogical and physiological effects of making weight in
international Taekwondo athletes. The following recommendations are considered for

potential research studies:

1. The repetition ofChapter 3considering the impact of the new 5%weigh in ruling:

An additionalstudy could classify if the new ruling has had an impact on reducing the
high frequency and magnitudes of BM lodascribed within Chapters 3 and 4 of this
thesis.

2. The design and validation of an educational platform for differing stakeholder groups:
This study could create a number of educational platforms for differing stakeholder
groups via both face to face and online platforms and then validateftireuse within

the sport for the improvementmfkingweightbehaviours.

3. The repetition ofChapter 3 and 4onsidering the impact of an education platform for
stakeholder groupsthis study could additionally examine the efficacy of ancatlan
platform on the perceptions of a wider stakeholder gragdescribed in Chapter 4.
Additionally, this could also serve to expldhe mears ofmakingtargetededucation

more effective.

4. Examinati on o0 § edqudtiens prapodseddGhdpeerds,ackoss multiple
time points in a training campAn assessment of the efficacy of the proposed body
composition methods from Chapter 5 across multiple phases in a seasovital in
understanding if the validity of this tool also has accurang &eliability. This should

also be considered for use in females and younger athlete age groups.
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5. The repetition ofChapter 6,utilising a more ecologically valid setting and protocol
inclusive of updated equipmenWhilst the findings of Chapter @ere useful in
highlighting tre potential for the Actihearnit in examining EEERthis would be further
improved by utilising a protocol with a greater amount of techniques and in a larger
footfall area. Additionally, the Actiheais now availablewith a Polar WearLink®+
chest strap, which reduces the potential for error in measurefrantmovement dhe

unit.

6. The repetition ofChapter 7in a large cohortThe finding of Chapter 7 clearly
demonstrated the efficacy of the employed nutritional and training strategy, therefore
justifying the repetition of this intervention in a larger cohort and inclusive of female
athletes.

7. An extended examination of rebound hypergia and across repeated training camps:
The findings of Chapter 7 demonstrated a number of positives in relation to making
weight safely for competition and avoiding the negative consequences ofS.RED
However, the rebound hyperphagic behaviours displaged intervention and resulting

in BM/FM overshoot require a greater understandiAgstudy of thigparadigmacross an
extended post competitiveeriod and sequential training campsutilising a multi
methodological approach of psydbgical ard physiological examination is certainly

warranted.

8. Recruit a cohort of retired Taekwondo athlefBlse findings of Chapter, £lucidated
that rebound hyperphagic effects of weightlicg may elicit major BM and FM
overshoot in later life post retirement. A dual quantitative/qualitative assessment of
retired international standardaekwondathletes may be an appropriate starting point

to examine the long term effects of repetithakingweight practices.
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APPENDIX 1

UMU TAEKWONDO WEIGHT LOSS QUESTIONMAIRE
adapted from Artioli et al. 2010

This questionnaire is about pre-competition short/long term weight loss and supplement use.
Pleaze answer the gquestions with as much attention and seriousness as possible.
Liverpool Johm Moore's University thanks you for your participation
[ howe read the information sheet provided ond | am happy to porticipote. | understand that by completing and returning this
guestionnaire | am consenting to be part af this research study and for my dota to be used as described in the information sheet
provided. You con legve gquestions unanswered throughout this gquestionnoire and withdrow at any time.

GEMERAL INFORMATION
1. Ag=: YEErs.
2. At what age did you begin practicing Taskwondo? WEErs.
3. Atwhst age did you begin competing in Taskwondo? WESrs.
4. How muoch did you weigh in today? ks,
5. How tall are you? cm.
6. Please describe your achievements and participation in Taskwondo competitions to date:
Mational level competition [i.e. Scarpion Jpen, NTC Open, British Notional Championships etc.)
| ] participated without winning a medal | ) wonamedal [ ) never participated
International level competition (i.e. Dutch Masters, NWTU Masters, Belgivm Open etc.)
| ] participated without winning a medal | ]wonamedal [ ) never participated
G-Class level competition (ie. 51, 52, 54, G5, 512, G20 etc.)
| ] participated without winning a medal | ] wonamedal [ ) never participated
7. How many times did you compete in the last year (including 1-2-1)7

8. In how many competitions did you win a medal in the last year [including 1-2-1)7

WEIGHT HISTORY AND DIET PATTERMS

9. Inwhich weight class doyou compete? - f+ kg, Inwhich OLYMPIC weight class do you compete? -/ +_ ke
10, Did you change weight clazs in the lazt 2 yesrs?

{ ] Yes. In which weight class/es did you compete?

{ ]Mo. | competed in the same weight class in the last 2 years,

11. How much did you weigh in the last Taekwondo off season [i.e. December/Christmaz)? kg,
12, Hawve you ever lost weight in order to compete?

{ ]Yes. Please continue onto guestion 13,

{ ]Mo. Please go to gquestion 19,

13. What is the MOST WEIGHT that yvou have ever lost to compete in your career? ks

14, How many times did you loss weight to compete this year? __ times

15. How much weight do you usually lose before competitions? ks.

16. In how many days do you ususlly lose weight before competitions? __ days.

17. At what age did you begin losing weight for competitions? __ years old.

18, How much weight do you usually regain in the 7 days following a competition? _ kg/wk.
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LIMU TAEKWONDO WEIGHT LD5SS QUESTIONMAIRE
adapted from Artioli et al, 2010

149, 'Jsing the scale below, please rate the amount of influence that each individuzl listed below has had on your weight lass

practices. [i.e. who encouraged you ond/or tought you 1o lose weight for competition?)

1 2 3 4

5

not influentizl  minimally influential unsure quite influential very influential

) training colleague

) another Taekwondo competitor
} physician/doctor

| physiotherapist

) S&C coach/FT

) CoachyTrainer

) Mutritionizt,/dieticizn

) Parents

} Internat. Pleasze specify source

} Social Media. Please specify source
} YouTube

) Other. Explzin

20. The following tick boxes present several methods of weight loss. Please state HOW OFTEN did you use each one of the

following methods to lose weight before competitions? [Flezse check all items).

Gradual dieting (losing weight in 2 weeks or more)
| )always { ) sometimes [ }almost never | ) never used

{11 don't use anymore

How long before a competition would you start? How much did you lose per week? Would you do it again? How did this

make you feel? i.e. symptoms of fatigue, loss of strength, low moaod, light hesded [ dizzy, sore throst, increased appetite stc.

Skipping 1 or 2 meals (in a day)
| )always | ] sometimes [ }almost never | ) never used

{ 11 don't use anymore

Did you restrict certain types of food? How long would you do this for?

Fasting (not eating all day)
[ )always { ] sometimes [ }almost never { ) never used

{ ]l don't use anymaors

Hows long weould you do this for? Would you do it again?

Restricting fluids [deliberately not drinking)
| )always | ] sometimes [ }almost never | ) never uzed

{11 don't use anymore

Did you restrict certain types of fluid? How long would you do this for?

Increasing exercise {more than usual)
| )always | ) sometimes [ }almost never | ) never uzed

{11 don't use anymore

What type of exercise did you do? How long would you do this for?
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LMU TAEKWONDO WEIGHT LOSS QUESTIONMAIRE
adapted from Artioli et al, 2010

Saunas/steam room [deliberately trying to sweat for weight loss)
I )always | ) sometimes [} almost never I ) never used {11 don't use anymore

What did you do? How long did you stay in? Did you exercse? How much weight did you lose? Did you wear clothing?

Sweat suits (deliberately trying to sweat for weight loss)
[ )always { ] sometimes [ }almost never { ) never used { ] don't use anymare

Whemn did you wear it? How long for? How much weight did you lose?

Hotf5alt bath [deliberately trying to sweat for weight loss)
[ )always { ] sometimes [ }almost never { ) never used { ] don't use anymare

What did you do? What type and how much salt did you use? How long did you stay in? How much weight did you lose?

Diet pills {carbohydrate or fat blockers)
[ )always { ] sometimes [ }almost never { ) never used { ] don't use anymare

What type/brand and are they prescribed or over the counter? How much did you tzka? How often did you take them and
for how long? How much weight did you lose? Would you use them again? How did these make you feel?

Fat burners (to increase fat loss)
i )always | ) sometimes [ }almaost never | ) never used {11 don't use anyrmaore

As shave

Diuretics (tablets that cause you to lose fluids i.e. increased toilet uss)
[ )always { ] sometimes [ }almost never { ) never used { ] don't use anymare

As abowve

Laxatives (tablets that cause bowel movements i.e. increased toilet use)
[ )always { ] sometimes [ }almost never { ) never used { ] don't use anymare

As abowve

Enema and/or colonic irrigation (a procedure to remowe gut waste and fluids)
i )always | ) sometimes [ }almaost never | ) never used {11 don't use anyrmaore

Where was this done? How much weight did you lose? Would you do it agzin? How did this make you feel?
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UMU TAEKWONDO WEIGHT LOSS QUESTIONMAIRE
adapted from Artioli et al. 2010

Spitting (deliberately trying to spit out saliva for weight loss)
[ )always { | sometimes [ }almost never { ) never used { ] Idon'tuse anymare

As abowve

Vomiting {deliberately trying to vomit for weight loss)
| )always | ) sometimes [ }almost never | | never used {1 1don't use anymore

As abowve

Water loading [drinking excessive amounts of water whilst reducing sodium intake)
[ )always { ) sometimes [ }almost never | ) never used {1 1don't use anymaors

Hows many litres per day did you drink? How many times did you do this? How much weight did you lose? Would you do it
again? How did this make you fesl?

What is your mormal routine after you have made weight?

Do you take supplements? [For any answer other than ‘never used’ please complete the relevant supplements tick
boxes which are in alphabetical order).
I )always { ) sometimes [ }almost never | ) never uzed {1 1don't use anyrmore

BCAA's (Branched Chain Amino Acids)
I )always { ) sometimes [ }almost never I ) never uzed { )1 don't use anyrmore

What type/brand? Mzanufacturer? Do you know if this brand is tested for banned substances i.e. Informed Sport? What were
the dosages/timings of your intake? How long did you take them for? Would you us= them again?

B-Alanine [Beta- alanine)
| )always { ) sometimes [ }almost never | ) never uzed {11 don't use anymore
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Bowvine Colostrum

LIMLU TAEKWONDO WEINGHT LOSS QUESTIONMNAIRE

adapted from Artioli et al, 2010

[ )alwvays { ] sometimes [ }almost never { ) never uzed | | don't use anymore
Caffeine {including coffee)

I )always | | sometimes [ }almost never {1 never used 1| dan't use anymors
Carnitine

I )always | ) sometimes [ }almost never | ) never used | | don't use anymors
Carnosine

| )always | ) sometimes [} almost never | ) never used | | dor't use anymors
Casein Protein

I )always | ) sometimes [} almost never I ) never used | | don't use anymore
Chromium

I )always | ) sometimes [ }almost never I ) never used | | don't use anymore
Cissus

[ )alwvays { ] sometimes [ }almost never { ) never uzed | | don't use anymore
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LIMU TAEKWOMNDO WENSHT LOSS QUESTIONMAIRE

CLA {Conjugated Linoleic Acid)

adapted from Artioli et al, 2010

| )always | ) sometimes [ }almost never | ) never used | | dor't use anyrmore
Coenzyme Q10

| )always | ) sometimes [ }almost never | ) never uzed | | dom't use anyrnore
Creatine {all forms)

| )always | ] sometimes [} almost never I ) never used | | dom't use anyrnore

Desiccated Liver

I )always | ] sometimes [ }almost never I ) never used | | don't use anyrnore
Digestive Enzymes

I )always | ] sometimes [ }almost never I ) never used | | don't use anyrnore
EAA (Essential Amino Acids)

I )always | ] sometimes [ }almost never I ) never used | | don't use anyrnore

Electrolytes (including drinks i.e. Lucozade Sport/Powerade and/for tablets i.e. 5i% Go Hydro)

I )always | ) sometimes

[} almost never i

| never uzed

| | don't use anyrnore
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LIMU TAEKWONDO WEIGHT LOSS QUESTIONNAIRE

adapted from Artioli et al. 2010

Energy Gels

I )always | ) sometimes [ ) almost never | newer used ) | don't use anymore
Energy Bars

{ ) always | ] sometimes [} almost never | never used 11 don't use anymore
Energy Drinks (including both still and carbonated brands)

[ )always { ) sometimes [} almost never | newer used 1| don't use anymaors
Ephedra

| )always { ) sometimes [} almost never | newer uzed 1 | don't use anymore
Fish Oils {including Cod Liver, Omega 3/6/9, Krill 0l etc.)

i )always | ) sometimes [} almost never | newer uzed 1 | don't use anymore
Ginseng

{ ) always | ] sometimes [} almost never | never used 11 don't use anymore
Glutamine

{ ) always | ] sometimes [} almost never | never used 11 don't use anymore

275




LIMU TAEKWONDO WEIGHT LOSS QUESTIONMNAIRE
adapted from Artioli et afl, 2010

Glucosamine

I )always | ) sometimes [ }almost never I ) never uzed | | don't use anyrmore
Glycerol

I )always | ) sometimes [ }almost never I ) never uzed | | don't use anyrmore
Green Tea (including extract)

I )always | ) sometimes [ }almost never I ) never uzed | | don't use anyrmore
Guarana

I )always | ) sometimes [ }almost never I ) never uzed | | don't use anyrmore

HMB [Beta-hydroxyl beta-methyl butyrate)

I ]always | ] sometimes [ }almost never | 1 never uzed | | don't use anyrmore
Manuka Honey
| )always | ) sometimes [ }almost never | ) never uzed | | don't use anyrmore

MCT's [Medium Chain Triglycerides)
I ]always | ] sometimes [ }almost never | 1 never uzed

| | don't use anyrmore

276




LIMU TAEKWONDO WEIGHT LOSS QUESTIONMAIRE

adapted from Artioli et al, 2010

Meal Replacement Supplements (including bars and powders)

I )always | | sometimes [ }almost never

| never used

| | don't use anymars

M5 (Methyl Suffonyl Methane)

[ ) always { ] sometimes [ }almost never | never used | | don't use anymaore
Phosphate 5alts
I )always | | sometimes [ }almost never | never used | | don't use anymars

Post work out products (taken after any training sessions)
I )always | ) sometimes [} almost never

| never used

| | don't use anymore

Pre work out products (taken before any training sessions)
| )always | ) sometimes [} almost never

| never used

| | don't use anymore

Pro Hormones

| never used

| | don't use anymaore

I )always | ) sometimes [ }almost never
Quercetin
[ ) always { ] sometimes [ }almost never

| never used

| | don't use anymaore
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LMU TAEKWONDO WENGHT LOSS QUESTIONMAIRE

Sodium Bicarbonate

adapted from Artioli et al. 2010

| )always | ) sometimes [ }almost never {1 never used 1 | don't use anyrmors
Sodium Citrate

| )always | ) sometimes [ }almaost never | ) never used 1 | dom't use anyrore
Soy Protein

| ) always { ]sometimes [ }almost never { ) never used 1 | don't use anymaore
Tart Cherry Juice

| ) always { ]sometimes [ }almost never { ) never used 1 | don't use anymaore
Testosterone Boosters

| )always | ) sometimes [ }almost never {1 never used 1 | don't use anyrmors
Tribulus Terrestris

{ )always | ) sometimes [ }almost never I ) never used 1 | don't use anymore
Vegan Protein

| ) always { ]sometimes [ }almost never { ) never used 1 | don't use anymaore
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LIMU TAEKWONDO WEIGHT LOSS QUESTIONMAIRE
adapted from Artioli et al. 2010

Whey Protein (all varieties including isolate, concentrate, hydrolysate etc.)
[ )always { ]sometimes [ }almost never { ) newer used

{ ] don't use anymare

ZMA [Zinc Monomethionine Aspartate, Magnesium Aspartate and Vitamin B6)
I )always | ) sometimes [ }almost never I ) never used

{11 don't use anymore

Vitamins (including both multi andfor individual vitamins)
I )always | ) sometimes [ }almost never I ) never used

{11 don't use anymore

Others. Please state

[ )always { ]sometimes [ }almost never { ) newer used

{ ] don't use anymare

Have you ever been reguired to take a drugs test? (If no you have completed the gquestionnaire).

{ ]YES [ IND

Was/were these in or out of competition drugs test/s? [Please tick all necessary answers).

[ )OUT OF COMPETITION [ )IN COMPETITION

Which method,/s were used on these drugs test/s? [Please tick all necessary answers).

{ ) URINE { JBLDOD

How many drugs tests have you undertaken in your career?

THANK YOU FOR YOUR PARTICIPATION
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APPENDIX 2
Interview Questions i Athletes

Using a semi-structured approach, the main questions (or similar) will be asked,
with the points beneath each one potential areas to navigate during the interview.

1. Do you currently have to make-weight?
i. How much do you lose and why?
ii. How often and for how long?
iii. What method(s) do you use?
iv. How difficult do you find it mentally and physically on your body?

v. Is your physique important to you?

2. What is your normal routine after making-weight?
i. After weigh in?
ii.  On competition day?
iii. Between competition periods?

iv. | n the ooff seasonb6?

3. Who or what would you say has the biggest influence on your decision to make-weight?
i. Coaches/professional staff?
ii. Team mates/other competitors?
iii. Selection policies?

iv. Friends and family?

4. Describe to me your current dietary habits.
i. Breakfast through to bed
ii. Why do you eat this food at this time?

5.  Who or what influences the foods that you eat?
i. Peers/Coaches/Friend/Family
ii. Cost/time

iii. Competitive weight required

o

What do you think about your current nutritional practices?
i. Are you happy with type / quality of your choices?

ii. Do you think a change is needed i if so what?
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7. Would you say you have good nutritional knowledge?
i. To make /lose weight
ii. For health

Interview Questions i Coaches

Using a semi-structured approach, the main questions (or similar) will be asked,
with the points beneath each one potential areas to navigate during the interview.

1. Are you aware of / work with Taekwondo athletes who have to make weight?
i. How much do they lose?
ii. How often and for how long?
iii. What method(s) are you aware of?
iv. What impact physically/mentally have you witnessed it have on these
athletes?
v. | s the athleteds physique i mportant to you

2. What is your opinion of the weight making methods employed by many Taekwondo
athletes?
i. A necessity of the sport / a necessary evil?
ii. A fundamental part of the sport/something you have engaged in
yourself?
iii. They are reckless methods which are unnecessary if approached

properly?

3. Who or what would you say has the biggest influence on the athletes decision to make-
weight?
iii. Coaches/professional staff?
iv. Their team mates/other competitors?
v. Selection policies?

vi. Their friends and family?

4. What do you think about the nutritional knowledge/practices of the athletes you work
with?
i. Are you happy with their choices?
ii. Do you think these athletes need more guidance?

iii. Do you think a change is needed i what?
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Interview Questions i Parents

Using a semi-structured approach, the main questions (or similar) will be asked,
with the points beneath each one potential areas to navigate during the interview.

5. Are you aware of any Taekwondo athletes who have to make weight?

iv.

How much do they lose?
How often and for how long?

What method(s) are you aware of?

What impact physically/mentally have you witnessed it have on these

athletes?
Il's the athleteods

physique

mportant

6. What is your opinion of the weight making methods employed by many Taekwondo

athletes?

A necessity of the sport / a necessary evil?

A fundamental part of the sport/something you have engaged in

yourself?

They are reckless methods which are unnecessary if approached

properly?

7. Who or what would you say has the biggest influence on the athletes decision to make-

weight?

Vii.

viii.

8. What do you think about the nutritional knowledge/practices of the athletes in

Taekwondo?

Coaches/professional staff?
Their team mates/other competitors?
Selection policies?

Their friends and family?

Are you happy with their choices?

Do you think these athletes need more guidance?

Do you think a change is needed i what?
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APPENDIX 3.1

GROUP SEX PARTICIPANT MOTIVATION FOR BM BM LOSS ANNUAL BM LOSS TIMECOURSE OF BM
LOSS MAGNITUDES ATTEMPTS LOSS

Athlete 1 - l used to enjoy fightingat | -1 éhdvetoloseabout4 | -1 6d say over -l 6d probably
that weight because | did to 5 kilos every time. there was probably a about 3 weeks before.
quite well in that category. | competition once a month, - About 3 to 4 days was like
had a height advantage so maybe more sometimes, so onl the had core sort of diet.
that was a good reason as average 12.
well.

Athlete 2 - Just to get down to that -ltds usuad I |-1tbds usually - About 23 weeks

FEMALE lower category, to try and kil os each t|competitionsinayear| make | beforehand I start losing the

give myself the best weight. weight. weight.
opportunity to compete at a
higher | evel
player, in each weight
category youg
players, so the lower the
category tle less likely they
are to be as tall.

Athlete 3 - All my Taekwondeareer - | used to lose between 3| - At a guess between 10 and 1| - | used to try and do it over
| 6ve had t o n and5, sometimes 6 kg, | compete once a month, to 3 weeks.

ATHLETE - | guess like all other usually about 4. So it wag sometimes every now and agal
at hletes, y o U within that region of & twice a month, if | missed a
it other wise |[kg mont h. So 106d
tall and heavy opponents. and 12.
-Just to be c
height and then | was much
faster than a lot of the
fighters in that category.
MALE Athlete 4 - Well | had to get to that -l 6d come do]-Lastyear,asanaverageldid -1 6 d st a-4weekab

weight on the basis of it 63/ 64 kg s o |[itaboutlltimesbutsometime| outbeforethe competition, §

being an Olympic category
for selection and then
obviously because | was
more competitive. | was a lo
taller and stronger than the
other guysn the category.

lose around 5 or 6 kilos.

it would be like one competitio
and then three
be back on it again and a
couple ofcompetitions would bg
two weeks apart.

my target was to be 61.8 kg
14 days out before the
competition.
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Athlete 5 - Just the old kind ofadage { -1 6 d be f r o m|-Aboutl2times throughoutjug - 3to 4 weeks. I think it was|
if two people are equally between 73 75kgdown [over a year | 6| kindofarbitrary, it just
skilled thebigger guy will to 68 kg so maybeBkg. | those times was kind of within | seemed like a long enough

ATHLETE MALE win. five days of each other. time to get O
start 28 days
weigh in.

Coach 1 -1 mean | thi|-1 dondét all|-Well theyodre -l f theyobre c
still growi n g weight, other than month these days so atleast1|t hey 61 | | ose
with making them lose maintaining up to about a | times a year. a half in maybe a week or
weight. kilo over and a lot of mine two before the event.

- 1 d agreé with doing it | at the minute are junior
with cadets and juniors. and cadets and if they go
Seniors are old enough to | above that then | make
FEMALE make their own mind up but| them move up.
donot think t]-I me an , | d
to extremes. seniors should be coming
-1 think it 6s]| downmorethana couple
in a in a spd ofkilos.
from making and playing at
different weights, peoplere
going to be on it all the time,
Coach 2 - Well, most athletes have tq - My senior athletes, on -l f youdbve got|[-Theydll go o
COACH make weight at some stage.| average will be walking doing G1 and G2 competitions| within 4 weeks or 5 weeks o
(previous - Making weight in all around about 6 kilos over | regularly, | would say they a competition
competitor) combative sports is their weight. would be losing wight senior and junior athletes.
fundamental , - | think with the cadets probably every £ weeksina [-Cadets itéds
talking Boxing, Judo, MMA, | and even juniors, then year, you know. short ter mémag
Taekwondo, thyouboveloolgavthe t of weeks.
do that because there is an | weight categories. If
advantage in making weightf y ou dr e ex p e ¢
MALE - f liny hondstel think,| | ose 3 kil og

the majority of the coaches
and athletes have no clue
about making weight.

look at the percentage tha
theyobére | osi
safe.
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COACH
(previous
competitor)

COACH
(non
competitor)

MALE

Coach 3 -l think ités|-Cadet s, I 6 d| - Well they compete a lot now. | - Because cadets generally
sense of we 6V maximum. Not like the old days so yeah, | lose 0.8 or 1 kg as a
of athlete at certain weights| -J uni or s you|l 6d saylOtmeyde |maxi mum and t
therefore people feel they ar| looking at 2 k. year. within a 2 weelperiod and
required to lose a massive | - Seniors are the biggest theyobére al way
amount of weight. losers, generally between - The juniors, seniors, they
-Thereds thi s|4and5Kkg. can doitaround 3 to 4
must be tall and skinny weeks, which is a good time
otherwisethe national team to start but then sometimes
wonodét pick yo with a few gu
people are happy to be within 2 weeks and try and
cutting down to lower lose 5 kg plus, you know, thé
categories which is very unhealthy way.
unhealthy for the athlete, it
ruins bodies, it ruins an
athlete.

Coach 4 - Honestly I thinkifyouare | -For a cadet]|-Wecompeteatleastoncea | - You look at about-2
going to be competitive at th| a kilo, kilo and a half, you | month so 1214 times a year. weeks, |1 6d sa4d
elite level, if youwentintoal k now, t hat 6§ absolutely minimum becaus{
competition at the weight advise. if youbre try

group you walked around at
youbdd struggl
- If you want to be successfy
its fundamental How many
senior athlegs that win
categoryds at
championships, walk around
at nor mal we i
zero.

- | think that depends on
what your core values are,
you know what | mean, as a
coach. Ther e
high percentage of people
doing it wrong, especially at
domestic level because
thereds no ed
them.

- A junior it is more like 2
3 kg at worst case.

- Seniors, tend to lose a Ig
more it depends on what
weight they are.

kilo and a half off a cadet or
a junior in the last week, it is
going to e a problem.
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Coach 5 - The ones who are elite -So i n the c]|-Sotheelie divisions, they - Senior guys tend to take
cadets and juniors and abouttl1 . 5 ki | o{ compete once a mthon around a 34 weeks. As
seniors, theyletthemlosemorethan |aver age, | et 6 s| juniors and cadets lose less
where you can receive a reg that. If they need to lose | every month, throughout the | they do it in less time maybd
beating from their opponent{ more than that | just move year. a couple of weeks.
if youdre notfthemup becausd

COACH MALE categories. growing.
(non -1 think it 6s]|-Withthejuniors probably
competitor order to win, however, | thinll 2 kilos maximum, 2.5 if we
the cost of this might absolutely have too.
outweigh the benefits for Seniors 34 kilos plus.
some people. Given the Olympic
categories sometimes
youdve just
boundaries.

Parent 1 - It was a congint struggle | - 1-2 kilosatthe mostfor [ -So t her e6s an| -Italwaystendsto be over 4
to get my daughters weight | cadets and juniors Ishoulf mont h, t hey dr e| 34 week period for the olde
right to be honest. imagine. more regularly and going up guys, the seniors.

- | think it is a part of the -Wel | i deal || anddown a bit too often. - Cadets and juniors take les
sport and it is probably a looking at just acouple of ti me, I woul d
part of all weight controlled [ ki | os but | § more than 2 weeks.
sports as being able to be af quite often it would be a
your peak and atthetopof [bi t mor e t ha
your weight. talking 45 kilos in some
-ltés part of|J]cases and th
¢ a rsé@ethow you can do doing it on a regular basis
away with that, you know, | as well, the senior athlete
PARENT therebds no ot
(Taekwondo) MALE it I dondt t

- Height and reach are really
important.
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PARENT
(Taekwondo)

PARENT
(non
Taekwondo)

MALE

Parent 2 -1 t 6 absolte necessity t - With my athletes theyar{ -When wedr e t r | -35weeks priortothe
lose the weight and be never three kilos outsidleq we 6r e nor mal |l yfcompeti tion t
competitive in a category. their weight. couple of months, so as much | cutting weight.

-1 real i se t h|-Ihaveworked with 10 times a year | would say.
bad at losing weight in athletes in the past where
Taekwondo. \| they would be as much ag
educated. B u 6-8 kilos out of weight, but
necessarily tfthey just ha
fault with the players. |thinl ther weight very well, to
itds a f eaches. | be honest.
The coaches |
educated enough.
Parent 3 -Generally | - My daughter is junior -Well theyobre - Certainly with my daughter

very common theme for
athletes to be cutting weight
- It has become more
common in cadets and
juniors and | think it is being
driven, i f 14
drives it in my opinion is the
national teams stance about
needing taller players.

-l think ités
necessary evil but as in evel
walk of life, every type of
sport, ther e
somebody who
that one or two steps further|
you know.

(o
(o

and is losing up t® kg to
make her target weight.

- My son also competes in
senior and he has to lose
around about 4 kilo,
maybe even 5 kilo.

every month so it would be at
l east 12 ti

me s

she will Icse it in at least 3
weeks.

-For my son,
we leave it more to himself

and hedl |l pr o
last two weeks to cut down i
heds pushing

287



PARENT
(non
Taekwondo)

FEMALE

Parent 4

-She didnodt r
until the end of juniorsBut
now, because
developed into an adult, it is
a lot harder for her because
there are less categories to
choose from now.

- | think every athlete
struggles with their weight,

|l et 6s be hone
donét train g
weight.

- | would rather my daughter
be in a weight category that
she is suited
suited for-57 kilo because
sheds too s mqg
have her in a weight group
where | know
come up against other
athletes that are roughly her|
size beause at the end of thg
day, she would get kicked
left, right and centre.

-The most th
needed to lose is abouts4
kilo.

-Well itds nor
month isndt it
competition coming up at least
12 times a year.

-1 t 6 s llymaboutrdé
weeks before
really, really getting her
weight down.

Parent 5

- My son to be fair, he never
really had to lose weight
growing up an
really want him to but now
obviously heg
necessity.

-1t hiamiken that 6 s
normally you are walking
round at a few kilos heavier
than the weig
competing at,
given of the sport.

-l &m not say
had to lose any weight,
there were a couple of
instances where he may b
lost up to a kileand a half,
2 kilo tops as a cadet and
junior.

-He 6 s
senior world
championships as a 63 sg
like 7-8 kilos now maybe?
-l 6ve seen |j
6, kil osét ha

been s

- Well he competes very often

now. He tends to make weight
least every few weeks so up to
12 times per year.

- He loses it slowly now.
Yeah, probably about 3 to 5
weeks, something like that.
As a cadet an
it in about 2 weeks or so.
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APPENDIX 3.2

GROUP SEX PARTICIPANT BM LOSS METHODS PHYSICAL PSYCHOLOGICAL BODY IMAGE &
SYMPTOMS SYMPTOMS PHYSIQUE
Athlete 1 -1 6d do f ast]|-Thelasttwo dayswhen | - It was really difficult actually, [ - No. For me at the time it

the morning asthathelpel was ndét eat i n|likeitwasreallyhard.|think | was justabout making the
me a lot, sort of train much, | would be the sam{ after a time | did getusedtoit| wei ght . | di
before breakfast. | 6d be r eal I|butyeah,itwasaally hard. how | looked. Obviously I
- Dehydration was a woulddt f eel |]-Yeahitwas reallytough and | was very skinny then and
massive part of my diet | getting the most out of the] couldn't hack it anymoreso!l |y e a h t h a hicevbat
plan. 16d prsession j us t| leftthenationalteam. it was mainly just about
dehydrate a day or two | feel dizzy and really making the weight for me.
before the competition. | fatigued. It was so hard o
-1 6d have t o] mybody.
sauna.
- The last two days beforg
| was training in a sweat
suit. We train two or threeg
times a day
probably just vear that
for the last two days.
- The day before the

ATHLETE FEMALE competition
fluids and obviously the
day of the
have nothing.

Athlete 2 - So the first phase would| - Tired, fatigued, quite - Fucking tough. Quitealoney -Per sonal |l y n

just be cutting the carbs
and continue training as
normal and then the last
week or so, start
dehydrating from there.

- More layers in training,
so, moreclothing, using
stuff like sweat suits,
restricting water intake
during training, just trying
to increase the sweating
and more out rather than
in.

sl ow,
training.

slugagi

and demoraking process.

- Mentally just not motivated,
not enthusiastic.

- | get mood swings quite often
when | do the diets. | start
snapping at people and getting
quite upset, just over nothing,
breaking down crying for no
reason.

concentrate on looking goo
as in like physical
appearance but more

performance.
-Someti mes | 6
sort of draw

alive should | say, almost
like a corpse.
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ATHLETE

MALE

Athlete 3

- The training increased,
the intensity increased

- | used to gradually week
by week reduce my carb
intake.

-l 8d gradual
sizes down and cut the
pasta and rice out of it
and it would just literally
be protein.

- About three days before
the competit
dehydrate myself quite
badly.Every now and
again, when | was trying
to lose a lot, | used to go
in a sauna.

- Awful. Absolutely
disgusting. It literally
made you question why |
competed every time | did
it.

- The week before a
competition, training was
pretty much nosexistent,
you just turned up becaus
you had to,
out most of it and not do
much.

- It used to affect my sleef

guite a | ot.
only get 3 t
sleep.

-Mentallyi t doesnbd
the right frame of mind to be
fighting and sometimes on the
day, youdd j ut
dehydrated.
- | guess like most athletes yoy
kind of just got on with it. You
just learnt to accept things and
it became normal.

- No it was jist about the
number on the scales at thg
end of the day. | mean to be
fair, | di dn
way | looked at 63s, my fac
went quite drawn in and |
lost a lot of muscle.

Athlete 4

- When | knew it was a
competition period |
would slowly reduceny
carb intake from maybe
759 down to 50g and ther
the last two days be abou
25g and literally the last
day it would be none.

-l f 1 had to
do it on the day of the
weigh in so
mentally be in that
dehydrated zone like
before, | waild always do
it on that day of weigh in
because it is a really big
mental push to do it the
night befor ¢
to sleep.

- You literally have no
energy whatsoever
because obviously all my
energy storage has been
depleted and it was so
hard totrain.

- Yeah it was such a hard
push, like obviously gettin
into the sau
dehydrated is like, it just
feels like your body is
dying, getting dizzy, it was
a really big push.

- Obviously you see people in
the sauna drinking water and
y o u gatirethe corner like jus
looking at them but it was a
really big ask and mentally, it
did mess you up in the head.
Sometimes no matter how har
| tried not too Id break down.

- Well, obviously when | do
make 5&g | do want to looK
like quite lean, buthen for
me personall
really bother me if | look
shredded or anything. I just
want to make the weight.
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Athlete 5 - Solwould typically starty -The | ast we|-Itjustconsumedyou,likeall|-Not real l vy,
dropping out carbs, feel if | saldédd think abouso. I think
definitely in the evening. | feel dizzy and not black oy of what was on my mind would | ballooned back up again, |
- | would start doing some| but do you know what | be related to weight in some | looked a bit chbby, but
kind ofcardio sessions in | mean, when your eyes kind of fashidgcutting down
the morning before glaze over. candét obvi ous || mindtobe honest.
breakfast. -l coul dnot el ement |106d be
-1 6d pr obabl| training intensity for any | to getto bed early, try and bur
to like 800 kcal a day. longer than 5 minute off sone more calories as
-1 6d start <clinterval séi t| opposed to staying up late and
fluid intake 48 hours from| very, very, hard. messing myself up. Everythin
weigh in and the day was kind of related back to

ATHLETE MALE before the \ weight as opposed to just livin
just drink little espresso life.
shots to dehydrate me a
bit more.

-Last traini
wear my sweat suit, and &
few layers to try and just
lose as much as possible|
- The day of the weigh in
and a few hours out
probably 50% of the time
I 6d just hoy
in the morning.

Coach 1 -l d6ve cert ail-Whenldiditljustfelt -AL I coul d t]-Lookingatmy current lot,
badly mysel fldrainedandlfoundlwas|canét wait to |theydre all
like shit as a result of focussing more on the wait to eandl s g gotbriliant six packs but
doing it. weight loss than the dondt think itf]lités jusg ¢ab
-Because mi njtraining and the preparation. |think you need | happened rather than, you
comingdown alotthey |per f or manc e .| tobefocussingmoreonyour [k now, o6wedve

COACH tend to cut the crap in wonoét | et mi|lgame pl_ay._ _It@it, webve gol
(previous FEMALE terms o f  wh g be mentally prior to fighting. know what | mean?
competitor) eating and then do some -At the end o

extra physical stuff, go for
runs, slap on a few extra
layers by all means but |
dondt | i ke
dehydrating.
them sit in sauss.

about making the weight no
looking like a model.
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COACH
(previous
competitor)

MALE

Coach 2 - Well, whatthey should | -1 t hi nk whe|-Well therebs -For me itéos
be doing and whattheyd{ d e hydr at ed athink, thatdéds |muscle that
are two completely made weight, their focus | making veight. interested in, you know, yol
different things | think doesndt seen can have a six pack and yo
[laughing]. same. can look really muscular bu
-Myguyswillgradually |-You see the is it functional for the game
diet and increase quite there and you can sg
training¢éit {thesharpnessandeven th
versus out you know? movemen , there
- I mean, | did have one | lethargicness about them
athlete thatturnedupto |f i nd, when t
the lag World do that, especially in the
Championships that was | latter parts of training.

10 kilos over and had to | - When it comes to
make it in 7 days. sparring they struggle to
- | know athletes that will | survive really.

use a sauna, will

dehydrate, will not eat for

seven days, properly

beforehand and just eat

bits of fruit and water.

That 6s ¢ o mmg

Taekwondo.

-l donoét Ik

dehydrating but they do

itésaunas e

Coach 3 - In the past a few of ming - They make the weight | -Ment al |l y they|-No, no, | do
and others have done and are thenelievedbut |t here. |t &ds | i|thephysiqueinterms of ho
crash diets, not good, they have no energy,everft ot al | y t he wr| theylookaslong as they ar

saunas, last minute
preparations causes
problems.

- The senior athletes will
do things like not
drinking, exercising a lot
more, saunas, sweat suitg
and then last three days
crash dieting, not
eatingéfucki

when you give them a
recovery period of a day,
they still can go out there
and the ener
sapped the energy doing
all that crazy shit.

- Tiredness in training.
Yeah, definitely tiredness,
fatigue, lack oknergy,
they cané6t ¢
just want to sleep.

the fucking scales when it
should be on the competition!
- Sometimes serious depressid
in terms of being rly, really
morbid.

healthy and can perform.
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COACH
(non
competitor)

MALE

Coach 4 - To be fair, usually we try| - Dehydration of 24 hours | - Those who do it badly just - The real main important
and go with just better may have a real arendt with i t|thingtomeiskinddg)are
choices with meals. So | detrimental impact are like ghosts mentally$t not | they healthy(b) are they
you know, healthier towards a performance in| in the room. performing? The general
options. a competition. In regats |l ooks of the
- In regards to to fatigue, just like, first obviously if they are skin
dehydration we tend not t| match and recovery from and bone itbd
do it. Not eating or the first match and not want them to look lean, you
drinking for a full day being fresh. dondt wanteanksl y
with juniors and cadets is| - | tend to see the ones wh showing here, there and
just not good. do it badly get ill, catching everywhere, but at the end
- With senior, yesve have | colds and stuff. the day they need to make
done dehydration before the weight.
but thatds ¢
know what t#
into. They can give you g
little bit more context, you
know.

Coach 5 - | just advise reducing - It makes them tired in -l 6ve seen at h|-Wellforme,tobe

portion sizes a little bit,
dondt | et -t}
between meals, because
they do and
any carbs aftesix

ob6cl ock. Si
isndt it.

- The seniors do
somet hing tH§
more crazy and
personally, | have to turn
a blind eye to it, from
sitting in a sauna which
some people do to trainini
in it in layers. | know one
of them was taking water
tabletsbefore which is not
great.

training, their reactions

arendt quite
they candt c
well.

-They donodt

stamina the next day, you
know. Nor ma

able to do three rounds of
2 minutes anat the end
theyobére a |
sweaty and breathing, you
know, losing their breath
kind of thing but then
within 20-30 seconds into
the match, t
l'ike itos th
round. Losing the weight
fucks them up in the ring.

clubs break down. They literall
just mentally lose it which is
quite scary really.

successful in Taekwondo
generally sp
just got to be tall and skinny
thatdés the p
the wiming formula.

- Six packs and stuff not
important to me whatsoeve
They need to make the
weight and be built in the
right way to perform.
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PARENT
(Taekwondo)

MALE

Parent 1

-l &m sure th
occasions wi
just not eating enough
and, you knowthey
probably, even if they
make the weight, they
candét perfor
because of that.

-So shedéd on
two kilo and she could
usually do that mostly
with a bit of dehydration
in the lead up to the weigl|
in.

- | remember | weighed in|
at 54 kilos and fought at
the World Games in
London and next day |
was 59 that night. | put or
5 kilos in 24 hours and
even then | knew it was
wrong and | said to mysel
61l &dm never (
againod

-Sure | 6ve s
drastic weight lossver
the years, they start off
okay but they just become
listless.
- The other thing you see i
when people have
dehydrated far too much
or starved themselves, thq
as soon as they weigh in
they take on board too
much water and try and
put it all back in ashort
space of time and end up
making themselves sick,
you know.

- | should imagine but anything
like 3-4 kilos and some people
doing it in a
have a big effect on their ment
wellbeing

-l dondt thin
look ever comes intie. You

need to make the weight an
perform.
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PARENT
(Taekwondo)

MALE

Parent 2

- It was a given that a
couple of those kilos
would be in fluids the last
week or two weeks, well
itds nor mall
week, was just fluid really|
and that was it. It wagist
sweated off.

- Certainly in the last two
days, last three days
before a competition,
definitely the last day,
youodd really
out.

-Sweat suits, saunas, we
didnot reall

- Tiredness, fatigue is the
main thing, | would say, |
mean this sh
apply to mine because it
wasnot real |
when | have seen it
happen, slow cognitive
response as well, when
theyore real
|l 6ve noticed
slow.

- | tell you what did
interest me, what | was
going to ask you about,
does this put any strain or
the heart, you know and
stuff like that because a
few of them would
complain about chest
pains?

-Psychol ogi cal
goodwhen they go extreme. It
just takes all the fight out of yo!
doesndt it.

- Not the way they look, not
at all I 6m
that only their game.
Obviously because of the
way the game is tailored
now, the taller player has af
advant ageothf
longer leg length.
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PARENT
(non
Taekwondo)

MALE

Parent 3

- | always call it
controlled eating but you
cut out the eating rubbish
you make sur
eating healthier, you steel|
them towards more
smaller portions and then
to be honest, the lakilo

or so is normally
dehydration, you know, o
the day or 2 before.

- So over that last few day|

period theyd(
minimum intake of food
and fluid.

- To be honest, some of
what | have seen has
shocked me to the core.

|l 6ve seen e)
people usg water
tablets, people using
laxatives, you know, just
to drive the weight down.

-Theydre
faces, you
coming out of them.

dr a

K

-1t 6s -setthatitheydkno
theybére going
weight to compete artdh a t
what they do.

- It just seems to be a thing
now for any group of
Taekwondo p
a level of
weighto or
three weeks
days to weigh

a
o

y

o oo —

Y
h

€
0

-The physique
i mpor t andverhbedn
a body image, | want my kid
to Il ook 1like
want my kid to be there in
the right frame of mind and
healthy.
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PARENT
(non
Taekwondo)

FEMALE

Parent 4

- She needed to lose 5 kil
within a state of 3 days
between two competitions
thatwas like training and
a sauna and
hardly eat anything.

-l 6ve seen s
obviously dd
weight and t
like 0.1 or 0.2 over and
theyobére stil
to make that weight in the
last hour or so.
-Obviously t
dehydration
which is more of a
concern for my daughter
because she suffers with
really bad migraines and
then she6l |
but shedl | ¢
Epsom salt bath, maybe
two days bef
for a weigh in.

- Just drained, aldutely
no energy to do anything
even speak at times. It usg
to play havoc on her
period somet
honest.

- It is mentally draining as well
and you know ¢
I candét have t
| 6ve seen my d
and literaly not drink anything,
just swill water round her
mouth and stare into space like
a zombie.

- Taekwondo players,
theyoére all [
enough the same physique
Theybve got
small hips and you know,
quite sl im |
important for my daughter
to look like this but not at
the cost of killing herself for,
it.

Parent 5

- | think basically when
theyoére juni
when the juniors did it,
they basically just starved
themselves for days and
dehydrated, you know,
becaus t hey wo
it gradually. They would
leave it up until, the last
week or so and then
suddenly try and cut-8
kilos just by basically not
eating.

-Wel |l theyor
They just do not seem to
have any energy
whatsoever in the ring and
i ¢ adwaste of time.
Theyove | ost
weight, they
exhausted it
time and to be fair, | think
itds more d4d
going up to the next weigh

group.

- This has never happened to
my son but | 6V
downs. Just full blowmental
breakdowns which is
frightening when you think
about it.

-ltds difficu
heds al ways
just always been a natural
athletic build. | mean to me
itds up to t
make the number on the
scales no matter what s n
it, you know what | mean?
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APPENDIX 3.3

GROUP SEX PARTICIPANT NUTRITIONAL NUTRITIONAL NUTRITIONAL PRACTICES PERCEPTIONS ON
PRACTICES POST PRACTICES BETWEEN COMPETITION NUTRITIONAL
WEIGH -IN COMPETITION DAY PERIODS KNOWLEDGE AND
PRACTICES
Athlete 1 - So obviously gettingthd -1 6 d usual | y|[-Thefirst week or two after a -Ti me as wel |l
fluids back on was really| in the morning when | competition | would sort of go training, whe
i mportant. wake up and then protein | crazy and t hat woftrying to coo
the rehydration packs drinks and stuff throughou] Strange thing is | don't know why| hard, making and preparing
that you put in your the competitionA lot of my body would just crave things, | meals at the beginning of the
drinks, |l 6dlwater, I 6d hlfl1 6d be eati ng w weekand then freezing them
obviously fill up on carbs| fluid was the main thing | | was weird! But then, after that -l 6m quite hadg
like pasta just to get full | think, yeah. week or two p e r| nutrition but maybe choice of
again for the competition| - So your stomach shrinks| my diet of like, no snacks, three | what | could eat because like
the next day because you meals a day sort of thing. say | would stick to chicken
ATHLETE FEMALE - Sometimes | was so for a few days so fluid wasg and veg because it was easy

hungry that
and that would make me
the next day feel quite,
you know, heavy and sic
to my stomach.

the most important thing
for me.

was quick. Maybe like
different choices, because |
used to do it
have a certain amount of
grams of protein and then a
certain amoun
but maybe the same amountg
buta different choice of food,
if you know what | mean.
Make things more interesting
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ATHLETE

FEMALE

Athlete 2

- I drink as much fluid as
| can get my fucking
hands on.

- Find the nearest place
to eat, whether that be
McDonalds, restaurants
and just gefood and
drink straight away.
-Burgers, pi
that shit. You are
starving! That was purely
it. Just totally drawn by it
- Usually it is just like
motivation, almost like
your body is calling out
for it.

-1 dondt wusu
competition day. imight
have breakfast, a bit of
toast or <cer
available but not a lot to
eat during the day. Just

water really.
- | think it was just down to}
nerves. | 6v

associated with eating on
the day of competition with
performance, sort of thing.

- Quite relaxed, so, it would vary
from making food in the house s
like chicken curries and the next
night junk food. Yeah, high sugar
foods, chocolate, crisps.

-1 6d say it goefg
so in the offseason. | just sort of
pig out at Christmadpads of
chocolate, CocaCola, alcohol. |
dondt really wa
making weight in this period until
have too.

- Yeah. | perceive carbs to bg
what puts the fat on basically
So no or low carbs during
training camp.

- My coach. They used to giv
me, sort of the foods | can ed]
certain meals and stuff like
that.

- Well yeah, it is expensive to
eat healthy.
partly the reason why it is
usually23 weeks b
to lower that cost a little bit.

- No it was just eat it because
wanted to make the weight. A
that mattered was just the
number on the scales.

- My nutritional knowledge is
shocking if |
is stupid really considering
thatés what w
weight.
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ATHLETE

MALE

Athlete 3

- Id drink so much water
but to be honest overall
not great. My routine
would be 16
sort of supermarket on
the way to weigh in, mak
like a couple of
sandwi ches,
pack of biscuits or
chocolate. | even got to
the point s
make cold pizza and take
that with me. You know
what itds |
starving, you want all the
stuff youobv
weeks.

- So it was kind of
crammed, | used to not
sleep the night of a
competition
probably over carbed or
had a sugarush or what,
I dondét kno

to make me feel sick.

-l 6d keep dr
of water and
and have a bit of breakfas
| always struggle to eat, to
be fair, on the day of a
competition
have a lot of breakfast.

- | used to get really
nervous on the day and |
coul dndét eat
and have protein shakes
and stuff and you know
gelatine stuff, like wine
gums, somet.
Jaffa cakes, | could never
really eat a full proper
meal.

- Like short release engy
foods. So 16
it like half an hour before g
fight or something daft like|
that.

- Average. | mean | do like health
food. | would eat chicken and
salad and stuff
more carbohydrate in there.
Obviously | 6 doodnh
and stuff. My biggest downfall is
chocolate and biscuits. | eat a lot
of that. Obviou
had a night out with friends in a
while so you have a big blow out
which obviously involves a lot of
alcohol and a lot of junk food. So
would ed, it would be a bit of a
mix, really poorly and with some
good food in there as well.
- You deplete yourself of so much
for weeks, you just want it, you
dondt even need
t S

n
i 0 hard to ex

-16d say itods
time. | alwaydind eating, |
love fruit, like fruit smoothies
and stuff 1ik
expensive and | need time to
make them.

-l 6ve got a bi
knowledge about it, but | thin}
motivationos
honestSomet hi ng
have a load oknowledge
about, how to do different
healthy meals.

-l woul dndt s g
say its average which is why
itdés more fru
dondt do it p
do know ités

| class good as someone that
probably like yourselfthat

has done a lot of degrees or
whatever in nutrition.

300



ATHLETE

MALE

Athlete 4

- Obviously | want to take
on fluid in those two
hours after weigh in so |
can start taking on some
food. So that night
obviously | will indulge
in some carbohydrates s
| would have rice or som

pasta.

-l 6ve seen ¢
straight aw
l i ke o6shit,
get fall ou

did starting out, | did
used to get really full and
feel sick.

- In the morning | always
have some porridge, to ge
me hroughout the day and
I will constantly keep
drinking to keep myself
hydrated. Ob
been dehydrated so | wan
to drink as much water as
can and some fruit, like
sugary snacks and energyj
drinks. Sometimes | would
try a Red Bull to keep me
awakethroughout the day
and obviously have some
jellies in my bag for the
competition plus more
carbohydrate intake and
maybe like a light chicken
sandwich eaten throughou
the day, if
my stomach.

- For a few days Id binge on crap
food.ljus coul dnét
was as if my body was calling for
it. Then | would convert back to
protein and vegetables so | never
try to go above 6kg. If 1 did |
always knew it would be a lot
harder for me if | saw that my
weight rebounded back to about
62,63k g and | wa s
to be a lot harder to drop my
weight i f 16m c
three weeks.

- Nutritionally | do anything to
get down to that category. |
had to eat certain foods whic
obviously were light and
which was a lot of lean rae
which could actually get you
into that category. If it was th{
other way 1606d
pizza all the time [laughing].
- Yeah well as | said earlier
reduce the carbs pre weigh ir]
and ramp them up after.

- My nutritional

knowl edgeépro
bestt 6d say! |
know more about it and makg
better choices but it just takeq
up a lot of time and to eat likg
that constant
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ATHLETE

MALE

Athlete 5

- Rehydrate very quickly
because 16d
many fluids in me, as
guick as po
always have like a re
hydration drink of some
kind first
kind of sip on water to
get the fluids back in me

I 6d try and
carbs, in a big but
healthy mea

and then often in the
night time pst, as a
ment al rewa
myself a treat like a
chocolate bar or
something.

- Again, on comp day
drinking | ot
coffee about half an hour
to an hour before the fight
or some caffeine, some
form of caffeine anyway
and | 6d jandt
often during the day.

- A lot of low fat, high carb
things. 16d
like a lunch break or
somet hing, |
something a bit more
substantial like a sandwict]
or something
just get the energy back u
isndt it tha
good.

-l 8d binge at f
when | got back | would eat
everything | 6d
about | suppose, for a week or so
and then [ 86d ju
normal routine, just general
healthy, reasonably healthy kind
trying not to worryabout it too
muc h . I knew ho
been on it, once it got to the back]
end.

-1 6d have | ots
sometimes | 6d |
reasonably healthy ready meal,
just something
often eat out, so quite varied. Ea|
out ororder in, just like some
grilled chicken wraps or
something.

- | think a lot of it was down td
peers. Everyone in my house
was making weight. Everyonég
was cutting, to some degree,
anyway. So we were all kind
of in the same boat so they
were all making jait

deci sions. We
together but if we were going
to go out to eat or order
something in, it would be king
of a group decision.

-1 100% know the right thingd
to be eating and when to be
eating. | definitely know, kind
of, all of that stuff. | thk
sometimes it is just about
putting it into practise, that
side of things sometimes | w3
kind of lacking.
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GROUP

SEX

PARTICIPANT

PERCEPTIONS OF NUTRITIONAL KNOWLEDGE AND
PRACTICES

INSIGHTS ON CHANGES TO BE
MADE

COACH
(previous
competitor)

FEMALE

Coach 1

- Well they should have the knowledge, | mean | help them out with wh
they should be eating and | | ooK
a little bit then | try and swap things over. Half of mine would still much
rather have a McDonalds than a salad. So the knowledge is readily
available but they donét tend td
-l dm not sure that they get the
my experience O6dgodéincome dawna,
They, you know, some clubs, | dd
The national team gives the juniors and the cadets these info slides an
They are getting the knowlyddge at
certain level.

-l mean, theyodre gi
you go to a national camp. They give the
the right sort of things to eat for their
training, etc. but they come back and sayj
6oh, that was awfu
stop at McDonalds ohite  way ho
- | think as they come up to seniors, they
mature a little bit and they realise that thd
crap diet theydve
necessarily the best. | think they take it o
board and change it a little bit more.

MALE

Coach 2

- Nutritional wise, even at elite level, and this is something that | see, is
theybve got a routine that theyfd
years where theydre doing quick
their weight and they binge afterwardsich is not good, you know, and
you |l ook at the stuff theyobre pJ
budgets as well, theyodére not evsd
more about making weight, it 6ston
not about is this going to be good for them? Or is this going to help thei
performance? So | think their knowledge is very limited.

- | think the coaches need more guidancd
youdre | ooking at
under 18, you are influenced lgur
coach, by your peers and parents, so if th
advice youbre gett
thatdés habit for mi
is that you then t
going to do itdé an
player then becomes a coach and fié w
then use the same
athletes.

Coach 3

For the seniors itds
re younger t
re doing
a major
re ol der

nice for t
heir g er al h 4
awohbhboebe poddhbauosts
ct eir

o b

|

o O

e
S

ef fe on t per
they need e a
When theydre younge me 3
would be that i mportant to enfor
someone from an organisation or a coach that they must make weight |
losing say &gs.

o

t h
t h
ha
t h
et

Oo< OO0
R

n
g9
h
t
r

)

- | think it has got to be a mixed bag,
especially in the younger groups, too mu
dictationof policy will not work with 12,
13, 14, year olds so you might have to dg
more interaction or cardination games
for interaction but for the seniors you can
do policy procedure, splitting facts, you
can have a presentation on the best way
what kind offoods etc. and also, having
athletes coming in and talking about their
past experiences.
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Coach 4 -l 6m mi ndf ul of the choice that - | think there should be somewhere they
you say O6try thiso,isihsteadyfnmakinga WH can log into or somewhere they can accel
massive change wedl |l just make ( informationeasy thatjustlike some FAQ
enough knowledge above the coacHh youknowwhatlmean,justgeneral advig
degree in nutrition like you, a coach can only give so much information.| - | mean anything is better than the

national team weight making policy...|
t hi nk addf isbishglaughing
continuously]!

Coach 5 -No, I 6m not happy wi tDespitelhe faatthad i | -1 think the coaches do because it is the
they have all had various nutrition workshops wifithnational team, coaches that reiterate and support

COACH although to be fair the nutrition workshops | think are adaiting. | think everything thatos
(non MALE thereds information overl|l oad. TH otherwise if the advice from a nutritionist
competitor) nutrition, | think ités far t oo |forthekidstoeata Nutrigin barin the
knowledge | still think they make poor choices. So they will try their bes| morning and have another one at 10.00a
eat Haribos # day during a competition rather than eating sensibly, youland anot her at 12.
know. aware of this, they might take the piss ou
of them for eating
eating, youdre alw
you shoul dintbat & ey U
what | mean?
-1 would like to add that I think frankly, the
national teams approach to making the
weight policy is disgusting. | think it is
appalling how they have made certain
athletes kill themselves to make weight
categoriesforevents | j ust t
appalling and they should be more
responsible.

Parent 1 - We did okay when it was just the two of us and | was coaching her as| - Well getting professionals like yourself t
junior and just starting out in seniors and then the nutritionists and stuff| do talks and presentations to the athletes
tookover so she had a good education and she knew what she wasdoij t hems el ves, thatod

PARENT MALE | 6ve come across a few of my at R -Ifyouhearitfroma professional and
(Taekwondo) but because of the experience with my daughter, | have triedtopassof you 6ve heard about

much information as | can.
-Soyoucam ducat e
going to take it on board.

people but you can

what can happen | think then it will start t
sink in and maybe iron out people who st
have bad practice, possibly.
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PARENT
(Taekwondo)

MALE

Parent 2

- With my son and other athletes their nutritional knowleiddae to eat
well | believe but funnily enough | was looking at supplements and thing
like that yesterday and | was thinking | need to get back on this becaus
know jack shit about them. But ultimately this is where the coaches ne¢g
be educated,th ki ds wonot know what t o
parents and so this is where that is really important for me, to bring it oy
- You never get a bad player, you get a bad coach and so if the coach i
relaying the right information it is gogto go down into the players. The
coaches need educati on, that 6s 1
because the club level coaches is where it starts with the grass roots a
would take a guess that 99% of t
money a this, have no clue about what advice to give them on how to |
weight and how to, you know, eat nutritionally.

-ltés simple for mg
before, | would go through the website, |
would have a nutrition section. | would
state that fron grass roots level to nationg
level and then to international level | wou
simply stage that and list, the type of
nutritional stuff you need to be taking on.
-l was |ike o6yeah W
alright, you know,
muchofadif er enced wel
di fferent outl ook

i mportant tool for
probably what changed my mind.

- We need to do something soon though
I 6m telling you an
die like that Turkik kid at Egypt Open or
that Cuban boy recently.
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PARENT
(non
Taekwondo)

MALE

Parent 3

- | just think generally | feel in Taekwondo, not just with my children, | th
with any participant, itds a str
efforttopush out enough nutritional

the key thing to any Taekwondo event is weigh in. | think there should 4

something tied round weigh in,
nutritional a d v andaait,sheet of @utritiaus foodstarid S
you know, itds now a weight <confd

competitors, as children, or parents and for coaches, just seems to be
missing in the majority of the cases.

- | think that we really, reallyeed to start
at the top with coaching. | think a lot of
coaches need to understand the nutrition
advice should be given a lot more. There
should be some medium where maybe b
region that parents are actively educated
as well and then thirdly | think,gain,
thereds got to be
whet her itobs, agai
nutritionist or someone with a sports
science background, actually going round
clubs and talking to the players and lettin
them understand. Then, at least, in my
opinion vhether we like it or not the weigh
|l oss thingds here
some education out
parents, coaches and athletes making
informed decisions rather than what | seq
today.

- Ultimately though all of this should be
drivenby the world federation, it should b
driven by them to
the weight categories, this is our
expectance, this i
change the weight categories appropriate
for the global population.
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PARENT
(non
Taekwondo

FEMAL E

Parent 4 - Well to be fair, she knows what she should do but whether she does if - | think the best way, firstly is you want td
not obviously thatoés down to herfgetintouchwi th all the
was no information there, as | say, for her for what she should eat or wif and you want to run it through with all the
she shodltdnats qgatst sort of | ike|lcoaches first so t
eat fish with tomatoesd or s o me t| goingtogobackand feed it down to the
coaches didndt explain to her en parentsandthen you either decide wheth

the parents feed it back to the kids or the
coaches feei back to them. But | do think
the nutritional side of it needs to start with
the coaches because at the end of the dg
the coaches will ¢
there, it doesndt
chair and telling
everyhi ng, its nutrit
absolutely everyth
teaching somebody how to kick.

Parent 5 - You were basically on your own from a nutrition standpoint, unlessyol -No | woul dndét be h
parents or coaches knew something about it or you paaekethem to told to make 58sl t
professionals, |like nutritionistdono6t agree with a

back up, they were just basically making that weight and they were left
make it.

opinion it is ridiculous those Olympic
weight categories, that you fight at a
certain weight category at every other
competition bar th
you know, their stupid 10 kilo differences
between wight categories. In my personal
opinion itdés ridic
federation should really be trying to get
that changed.
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APPENDIX 3.4

GROUP SEX PARTICIPANT INFLUENCES ON BM LOSS & NUTRITIONAL SUPPLEMENT USE AND ANTI DOPING
HABITS KNOWLEDGE

Athlete 1 - Well it was partly me and my coach. -16d take like iron tablet
- Obviously the weight up from that is kJ and (another -Yeah 16d have protein shak
competitor) was in that, so my target was to makkgl9 - went through a stage of
- We have targets to make every week and that wizessive | - GlobaltDr o . Il 6d go on to checH
influence, that 186d want t]| yeah,thatwas on ustodbwas literally just check it
fighters in the same wei gh| yourself. I neverreally had much knowledge on the signs 4
so well on their weight bu|stuff
for that competition and stuff like that.

FEMALE - Obviously living with ther team mates who are e_llso di_etin
S0 we can cook together, eat together, we were like a little,
weight cutting club [laughing].

Athlete 2 - My coach, he wants for me to be as low as possible, -No I 6ve never taken suppl ¢
obviously due to his understanding of the height and weiglf - Just not having the knowledge of them plus a little bit the
he finds it best for me to be as low as possible inthatrespj dopi ng si de of i t ,sdopingandiwhay
-Obviously thereofs taller,|isnbdt. The cost of some of
categoriessoypdr e more | ikely to
athletes in the lower categories and with myself being sm3

ATHLETE go down.

Athlete 3 -Yeah, itdéds |ike the normal-16ve never really taken s
coach tells you to do it, all the national team athletes doit|{ - Wh a t | used to do when |
you accept it. have meal r epl acagmuteimandoats | 6
- | literally had, even (a national team coach) atone pointf shake, thatoés kind of the
me to go down to 58s and I|]-I have no idea about what
- Not friends or family because all my family hated me doir] for it. Not a clue to be honest.
it. Team mates, me and my cousin are quite close, we us

MALE do ittogether a lot. My coach never really, like, give me an
other advice about it all he just said is its important.

Athlete 4 -l think as my team mates - Yeah well electrolyte tabs and stuff like that plus
themandobdusl y we know it 6s h| carbohydrate/protein drinks after weigh in.

other to get down to that weight category and we all did

struggle together but | think, yeabh, it was an influence that
oneds making it we all try
each other to make thattee gory. So | 6d

were a big influence.

Al ani ne.
was al ways tol

-l 6ve taken b
-Generally |
check Gloll-Dro.

- I have no idea what Informed Sport is to be honest.
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ATHLETE

MALE

Athlete 5

- just thought, Iike, as - | used to havereatine when | was at 4 g . |l 6ve
physically bigger, technically as good or better kind of thar| Alanine, is that how you say it?

anyone in the weight, so, that was my thinkiealy. | was -1 6d have a | ot of sé&kethatatygr o
kind of my main driver. | guess selection policies and Olyn| weigh in.
wei ght categories don6t he|-Yeah.|wasverykind of keen to make sure it was all off tf
Il i st. I d check on that-Drweb

GROUP

SEX

PARTICIPANT

INFLUENCES ON BM LOSS

COACH
(previous
competitor)

FEMALE

Coach 1

-Wellwi t hin the national team itds the coaches and the
of my athletes been told that sheds got to make 57y
zerofa on her. Theyoére adamant that she can | ose 5 kil
-Yeah, parents do have a say in it. I tend to say 06ngd{
up about iTheaydékinldbtbda htpoyr?ki agdastaftatand theydl |l say

win in that one than that one, sheb6bs massive etc. 0

COACH
(non
competitor)

MALE

Coach 2

-l think itdéds the coach because the par ent goachbastha influgnc
there and | think possibly even with juniors and ten
athletes.

-l think there are a |l ot of infl uencoefs pneiotphl eun d eTrh ely86s
peers | ike | said, other athletes and someti mes, irf
child to make weight it really is.

Coach 3

- I mean coaches have an influence because pi ck and choose who our athl et ef
-l't is the national team who put the pressure on Taek
things |like 6youdbre too small fonothegowegghih,tgosdWwe
wei ght o.

-Parents are a big influence on young kids | get that
- Coaches and parents have to push it to get their kids recognised and to be pitkedchfgional team.

Coach 4

- I think at cadet and junior level the parent plays a massive part because they either make or break an athlete. Thesh¢
them to a point where itds jhaparentthattadtise maim kind af pivotomthem. t h
-Selection criteria at national team | evel I thinHW pl
probably say o6l think we shoulzdé.apply for this weigh
- think at junior and cadet |l evel you can only aadptions
and this is how wedre going to do itd so the parents
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COACH
(non
competitor)

MALE

Coach 5

-1 think the athletes parents to start with but Yeahce
because the coach wiidlBobésay &Il wamt -yow do fmoyhket dibwvne
-l donét think itds the selection policy, well , pettar hd
than you so do you compete with them and lose or do you move to a different category and be successful?

-ldomyselfbumor e from a positive perspective, so that | 6édm
particular competition because in six months6 time w
thetableinthahouse is her mum so | need to engage with her
-l wasndét able to give any more advice out which frusg
and experienceanden i f | was a qualified nutritionist, the s

advice because | am a Taekwondo instructor, which is bizarre, in all honesty.

PARENT
(Taekwondo)

PARENT
(non
Taekwondo)

MALE

Parent 1

- | spend a great deal of time trying@ncourage the parents to let the kids compete at the next weight up but they all seq
desperate to stay in the weight t hey dThekidawantthe nsedatsangd tha
parents tend to support them you know.

-We | | |l 6d say certainly with cadets itds the par endus.
know, with coaches guiding them, the coaches can guide the cadets on which weight division to go for and stuff likesth
for telling them what to, or you could advise them on what to eat but because the parents are with them 24/7 the plter
be aware of if theyod6re eating correctly, that theyor
mean?

- | found out his dad had them on laxatives, a fucking 14 year old boy. You know we put a stop to it straight away like.

Parent 2

- Yeah parents for cadets, this is why it needs to be public, this information, on how to lose weight at certain ages becd
obviously for under 18s it wildl be the parents asthe h

world and theyodre not, thatds the simple answer to tHh
- When they get up to senior level, they go to their coaches, the first coach always has some sort of influence.

- I mean the national team selection policy is always going to have a massive axt téou might be a good athlete but if

you don6t fit their criteria for a certain weight th

Parent 3

-l think what you find then is that ther e dtherathletdsehoare
tall players and win matches.

- | do believe that certain coaches who influence their policy to, as you can see some coaches they go away or they g
competition and theyoére all/l in swemitoboxetshi ¢ hiey 6jrenii
for weigh in to open.

- | think it becomes a peer group thing then within the clubs.

- | always say the key influence is the national team. They send the message out, if you look at their preferried style a
a thin, lean, bodied player and really tall.
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PARENT
(non
Taekwondo)

FEMALE

Parent 4 - If the information was there for everybody, parents included to help them understand what they should and what they
shoul dndét bweo udlodinnbgt tbhee nsuicch a big deal for the kids.
-At the end of the day parents have a say in what they think, but ultimately it is down to that athlete. | mean, iifissayctr
my daughter is fighting a 53 and say somedkeeli a coach said to her o6well we w
she can physically get to that without damaging hers
-l think with some coaches, say Vofthénvaee alpirotiie same weight grsup,v €
youdre not wanting those to fight against each ot her
-1 know, i ke, some coaches say to them 61 o0k, we nee¢
issue sometimes.

Parent 5 -l f my son wanted to fight at a particular weight &&nd

coaches at the national team.

-ltés difficult because nobody wi |édightwikthey soy think withka bottof kidhitel
parents and coaches.

1 think theredéds a | ot of pressure on some kids from
that weight youdr e obv ietenpssitign becauselydu noynmllyare lleru sual |y i n
- The national team and selection policies do have an influence. When you get selected to represent your country you
it dondét you? You dondt want (erydifficalt fab themndokresist Hoing iaeith@rtrightty
or wrongly.
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APPENDIX 4

Taekwondo specific 15 minute RAMP

warm-up protocol

RAISE
EXERCISE MOVEMENT TIME (seconds) TOTAL TIME
(minutes)
Jog forward/backward Anterior/Posterior 30 0.30
Side star - jumps Lateral 30 1.00
Floor sweeps Anterior/Posterior 30 1.30
Laterals Lateral 30 2.00
Kick-outs Anterior/Posterior 30 2.30
forward/backward
Carioca Lateral 30 3.00
Knee raises Anterior/Posterior 30 3.30
Side Squats Lateral 30 4.00
Lunges Anterior/Posterior 30 4.30
Jog forward/backward Anterior/Posterior 30 5.00
ACTIVATE & MOBILISE
EXERCISE MUSCLES TIME TOTAL TIME
(ROM) (Stretched) (seconds) (minutes)

Rising stomach 1 Rectus abdominis 15 0.15
Anterior core f Internal/external
stabilisers intercostals

1 Internal obliques

1 lliacus

1 Psoas major/minor

1 Transverse abdominis
Rotating stomach 1 Rectus abdominis 15 0.30
(right/left) 1 Internal/external
Anterior core intercostals
stabilisers 1 Internal obliques

1 lliacus

1 Psoas major/minor

Transverse abdominis

9 Quadratus lumborum
Crouching heel 1 Plantaris 15 0.45
back calf 1 Tibialis posterior
(left) _ T Flexor digitorum longus
Inferior posterior 1 Flexor hallucis longus
leg stabilisers 1 Peroneus

longus/brevis
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I Gastrocnemius
1 Soleus
Crouching heel f Plantaris 15 1.00
back calf {1 Tibialis posterior
(right) Flexor digitorum longus
Inferior posterior f  Flexor hallucis longus
leg stabilisers  Peroneus
longus/brevis
1 Gastrocnemius
1 Soleus
Sitting bent Multifidis 30 1.30
Posterior core 1 Longissimus
stabilisers thoracis/cervicis
1 lliocostalis
lumborum/thoracis/
cervisis
1 Spinalis thoracis
Lying knee to 1 Gluteus maximus 15 1.45
chest 9 lliocostalis lumborum
(left)
Superior posterior
leg stabilisers
Cross over knee 1 Gluteus 15 2.00
pull minimus/medius
(left) I Tensor Faciae Latae
Lateral leg 1 Piriformis
abductors
Lying knee to { Gluteus maximus 15 2.15
chest 9 lliocostalis lumborum
(right)
Superior posterior
leg stabilisers
Cross over knee 1 Gluteus 15 2.30
pull minimus/medius
(right) I Tensor Faciae Latae
Lateral leg 1 Piriformis
abductors
Sitting knee to Gluteus maximus 15 2.45
chest I Semimembranosus
(left) 1 Biceps femoris
Superior posterior { Semitendinosus
leg stabilisers
Sitting knee to 1 Gluteus maximus 15 3.00
chest I Semimembranosus
(right) T Biceps femoris
Superior posterior (Long/short heads)
leg stabilisers f Semitendinosus
Lying quadriceps f  Vastus medialis 15 3.15
(left) I Vastus Intermedius
Superior anterior 1 Rectus femoris
leg stabilisers § Vastus Lateralis
Lying quadriceps § _ Vastus medialis 15 3.30
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(right) 1 Vastus Intermedius
Superior anterior 1 Rectus femoris
leg stabilisers 1 Vastus Lateralis
Standing toe 1 Semimembranosus 15 3.45
point 1 Biceps femoris
(left) (Long/Short heads)
Superior posterior 1 Semitendinosus
leg stabilisers
Standing toe Semimembranosus 15 4.00
point 1 Biceps femoris
(right) (Long/Short heads)
Superior posterior 1 Semitendinosus
leg stabilisers
Hip flexor 1 lliacus 15 4.15
(left) 1 Psoas major/minor
Deep anterior
stabilisers
Half scissor ! Adductor 15 4.30
(left) longus/brevis/magnus
Medial leg M Gracilis
adductors 1 Pectineus
Hip flexor 1 lliacus 15 4.45
(right) f  Psoas major/minor
Deep anterior
stabilisers
Half scissor 9  Adductor 15 5.00
(right) longus/brevis/magnus
Medial leg M Gracilis
adductors 1 Pectineus
POTENTIATE

EXERICISE TIME (seconds) TOTAL TIME (minutes)
Back leg turning kick 120 2.00
(dollyo chagi)
Front leg turning/fast kick
(barumba chagi)
Counter back leg turning kick
(nadabong dollyo chagi)
FREE REACTION
Combination 1 60 3.00
Combination 2 60 4.00
Combination 3 60 5.00
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COMBINATION ORDER

COMBINATION 1

1.

2.

3.

Front leg turning/fast kick
(barumba chagi)

Back leg turning kick

(dollyo chagi)

Counter back leg turning kick
(nadabong dollyo chagi)

COMBINATION 2

Back leg turning kick

(dollyo chagi)

Counter back leg turning kick
(nadabong dollyo chagi)
Front leg turning/fast kick
(barumba chagi)

COMBINATION 3

Counter back leg turning kick
(nadabong dollyo chagi)
Front leg turning/fast kick
(barumba chagi)

Back leg turning kick

(dollyo chagi)
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