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TheEvolution of the Concept of Sleep and Movement Behaviouo the UK
High PerformanceSoort Industry

Abstract

The UK high performance industry has evolved and expanded over the last 20 years. Parallel
to this has been an upsurge in ti$ports Sciencandustry with contemporary practitioners
providing more support to elite athletes in a much more comprehensive aoeentific
YIYY SN Takés foMA y{WITTW)models now form a strategic part of the
performance planning process anmdany factors impact onWITTWvariables. Fatigue
management through assessment of sleep amalso, associated daytime movement
behaviour, isan example of such factor. | collectively term the assessment of both these
1 NR IFaiguSadl yWw 3 S.YL$nitéd ®nowledge exists regarding sleep characteristics
and movement behaviour of elite athletes. Therefore, | preseftis thess the evolution of

the concept of fatigue management practicdthrough athlete sleep and associated
movement behaviour assessmgntind show how it has been included the routine
methods of Sports Science aniedicine practitioners Whilst sleepremains apoorly
understood entitythere is evidence of a reciprocal relationship between sleep and athletic
performance with disturbed sleep having a detrimental effect psychoephysiological
processes. Inthe absence of an effective fatigue managestiategy this can be particularly
problematic for elite athletes. A technical description of sleep and associated movement
behaviour are presented along with methodologies for fatigue management assessment and
details of projects using fatigue managementrategies. To add context and insight,
subjective findings of the impact of introducing this new concept within UK high performance
sport) LINB ANJ YYSa | pdsentitibtBohySiglogi§sRshould assess fatigue
management in the elite athletes thesupport and use this assessment for dialogue with
coaches andsports science andmedicine peers, to ensuie provision of optimal fatigue
management strategiet the performance programmewith which they work. Finally,
success factors, methods optimal practice and future recommendations for an effective
fatigue management strategy are presented.

Pages267

Word count55534

Year of submission: 2018

School of Exercisand Health Sciences

University of Kent



Contents Page
Overview and Aims
ChapterSequence

Chapterl

1.1 Introduction: why assessleep and movement behaviour
1.2 High performance sport

1.3 What it takes to win

1.4 Practitioner background

1.4.1Positionality

1.4.2 Professional practice

1.4.3 Philosophy

1.4.4 Accountability

1.5 How did the novel concept of fatigue management begin?
1.6 Summary

Chapter2

2.1 Introduction: why a qualitative methods approach?
2.2 Ethics

HPo 5STAYAYI WStAlSySaaq
2.4 Qualitative methodology

2.4.1 Rationale

2.4.2 Research questions

2 4.3 Participants

2 4.4 Ethical compliance

2.5 Research protocol

2.5.1Instrument development

2.5.2Pilot

2.5.3Development of interview guide
2.5.4Interviewprotocol

2.5.5 Data handling and representation

Chapter3

3.1Introduction

3.2What is sleep?

3.3 Sleep regulation

3.3.1 Homeostasis and sleep
3.3.2 Circadian rhythm and sleep
3.3.3 Arousal systems
3.3.4Automaticity
3.3.5Sleep quality

3.4 Architecture ofleep

3.5 Movement behaviour

3.6 Summary

Page
1-3

4-8

©

17
23
23
26
28
29
31
33

35
35
35
36
37
40
41
42

45
45
46
47
48
49

52
52
53
57
57
58
59
61
61
64
68
71



Chapter4

4.1 The sleep and athletic performance relationship
4.2 Sport science literature and sleep
4.2.1 Precipitating factors: training
4.2.2Precipitating factors: travel

4.2.3 Precipitating factors: competition
4.3 Should we measure sleep?

4.4 Technologies

4.5 Sleep management strategies

4.6 A multidisciplinary approach

4.7 Summary

Chapters

5.1 Introduction

5.2 Sleep quantity and quality

5.3 Quantitative methodologies for sleep quality, quantity
and movement behaviour

5.3.1 Sleepneasurement anéssessment

5.3.2 Movement behavioumeasurement anégssessment
5.4 Actgraphymethodology

5.5 Subjective assessment of sleep

Chapter6

6.1 Introduction

6.1.2 Athlete population

6.2 Fatigue management pilot workBritish Rowing

6.3 EIS fatigue management research

6.4 Dissemination of knowledge

6.4.1EIS Hierarchy of needs and decision tree

6.5 Fatigue management projects

6.5.1 British Rowing Project 1: A comparison of sleep and waking
movement behaviour characteristics of amernational Olympic
rowing squadn domestic and overseas training environments.
6.5.2 British Rowing Project 2: Living location in relatioa tentralised
training venue and associated movement behaviour

6.5.3 Additional projects

6.5.3.1Project 3:0lympicpreparations

6.5.3.2Project 4: Subjective reporting of athletic sleep

6.6 Impact and learnings: methods of optimal practice to measure
and analyse sleep and movement behaviour

6.6.1Normative data

6.6.2 Optimal practice

6.6.3 Subjectivguestionnaires

6.7 Sleep hygiene

6.8 Impact

6.9 Sleep and athletic performance strategy

Page
72
72
75
86
93
97
98
102
103
106
109

111
111
111
112

113
116
118
119

122
122
123
124
127
129
134
139
141

145

148
149
151
156

157
158
160
164
165
169



Page

6.10 Summary 170
Chapter7 172

7.1 General conclusions 172
7.1.2 Reflections on the process; success, impact and challenges of 173
introducing the fatigue management concept

7.1.2.2 Success and Impact 173
7.1.2.3 Challengemnd adversities 180

7.2 Future recommendations 185
7.2.1Fatigue Management Monitoring Overview 186
7.2.2Recommendations for research 187
7.23 Recommendations for applied practice 190
7.23.1 Implementation regime 190
7.23.2 Training 194
7.23.3 Nontechnical skill set 197
7.24 Future strategy 200

7.3 Summary 202
References 205-222
Appendices 223-253
Appendix 1 224-231

1 InformedConsent forms: University of Kent & English Institute of Sport
T [ SGGSNI G2 AYdISNBASESSQa
1 Ethicsforms

Appendix 2 232-238
1 Interview guide

Appendix 3 239-244
EIS Forum submission 2013
1 EIS Sleep workshop 2014
1 EIS Sleep roadshow 2016
1 ACSM 2013 presentatioBleep Characteristics and Quality from
Domestic andDverseas Training Environments in Paralympic R&vers

Appendix 4 245-253
1 SleepSrategy How Chart for Athletes
1 Guidelines foEnhancingSeepBehaviour (sleep hygiene)
1 EIS Strategy for theevelopment ofAssessment anManagement ofthlete Seep
20172021



Contents Page Tables

Page
Table 1.1 Results from 2008 Beijidtympicdisplay the difference 1% 19
makes across a range of sports
Table 2.1 Model for classifying the validity of expert samples in sports 37
science resa&h (Swanret al,, 2015)
Table 2.2 An outline of the interview guid&ucture 41
Table 2.3 Background information of participants for interviews 42-43
Table 3.1 The four stages of sleep with their associgte@race 66
Table 4.1A taxonomy of sports and recreational activities affected by 85
sleep loss (Reilly and Edwar@907)
Table 5.1 A description of sleep variables measured 112

¢FotS codm 'Y {LER2NIQa (2L) FALS Y2a@3FdzyRSR { L
Tokyo Olympiads (UK Sport, 2017)

Table 62 Data of sleep and waking movement behaviour characteristics of 143
aninternationalOlympicrowing squadn domestic (UK) and overseas
training (CAMP) environments

Table 63 Data of sleep and waking movement behaviour characteristics 146
of for aninternational Olympicrowing squadliscriminated by thoséving

less than (<30 miles) and greater than 30 miles (>30 miles) from a centralised
training venue.

Table 64 Relative risk between sport types, ability, gender and age for scoribgy
>5 and >8 on PSQI

Table 7.Verbatim quotes relating to athlete buy in to sleep measurement 175
and analysis

Table 72 Verbatim quotes from interviewees regarding the evolution and 177
engagement of the concept of fatigue management within the UK high
performance sport industry.

Table 7.3nterviewee responses regarding impact and successvaliving 179-180
fatigue management as a concept

Table 7.4 y (i S NIgerSapt® s &f@he challenges faced with the evolutioi85
of the fatigue management concept.



Contents Page TablesContinued
Page
Table7.5 Ageneric overview of the fatigue management process 187
for practitioners

Table 76 Verbatim quotes from interviewees regarding sleep and sports 188
science literature

Table 7.7 e process foprogressing practitioner knowledge 195-196
and awareness of fatigue management (measurement and assessment)
from university undergraduate course through to a career in the applied field.

Table 78 Feedback from the interviewees regarding movement 199-200
behaviour assessment.

Table 79 Interviewee quotes relating to future directions for 201
fatigue management



Contents Page Figures
Page
Figure 1.1¢ SI Ya D. Qa4 &4dz00Saa Ay GKS fl &aéd FASS hte
including a breakdown of Gold, Silver and Bronze medals,
total medals won and overall position (ranking)

Figurel.2 lllustration of how fatigue managemetitrough sleep and 20
associated movement behaviour can potentially impact on determinants
of performance in a what it takes to win model

Figurel.3 The interaction of fatigue management on athletic 22
performance variables

Figure 2.1 Equation ardassification system of eliteness according to 37
Swannet al.(2015)

Figure 3.JAnormal hypnogram from a healthy adult 68
Figure 3.2 An actogram of an elite athlete 70

Figure 4.1 Schematic of the reciprocal relationship between sleep and 73
athletic performance

Figure 4.2)et lag and travel fatigue symptoms and management algorithm 95
(adapted from Samuels, 2012).

Figure 43 Schematidllustrating the factors associated with sport performanc&01

Figure 5.1 Three phases of the slempset spectrum between wake and 115
sleep. PSG refers to polysomnography (adapted from Tryon, 2004).

Figure 6.1 A hierarchy of needs for imeasurement and assessment of sleepl36
and movement behaviour in elite sport

Figure 6.2 EIS sleep management decision tree 138
Figure 6.3Total sleep time in relation to living location 146
Figure 6.45leep onset latency in relation to living location 147
Figure 6.5 Bowhisker plots for PSQI global scores between spiyries 155
Figure 6.6 Box whisker plots for PSQI global scores between sports, 155

*significantyRA FFSNByYy 0 (02 GRSUOSNA2NI G§SR¢

Figure 6.7 An example flow diagram for good sleep hygiene 165



Contents Page FiguresContinued

Page
Figure 6.8 The impact of interventions for sleep education on 166
elite athletes (training)
Figure 6.9 The impact of interventions for sleep education on 167

elite athletes (competition)



General

BASES

BOA

BPA

BR

BRT

CVESS

EIS

HPSI

HCSI

NGB

MDT

Team GB

Abbreviations

BritishAssociation of Sport and Exercise Sciences
BritishOlympicAssociation
BritishParalympidAssociation

British Rowing

British Rowing Team

Classifying th&alidity of Expert Samples inSoort
Englishinstitute of Sport
HighPerformanceSort Industry

Home Country Sports Institute
NationalGoverningBody

Multidisciplinary team

Team Great Britain

Paralympic$B Paralympic&reat Britain

WITTW

What it Takes toWin

SleepVariables

AAS

AST

DBAS

ECG

EEG

EMG

EOG

Ascending arousal system

Actual sleep time (hr:mm). The total time spent in sleep according to the
epochby-epoch wake/sleep categorisation

Dysfunctional beliefs about sleep
Electrocardiogram
Electroencephalogram
Electromyogram

Electroculogram



ESS Epworth sleepiness scale

FI Fragmentation Index. The sum of the mobile time (%) and the immobile
bouts <=1min (%)This is an indication of the degree of fragmentation of the
sleep feriod, and can be used as an indication of sleep quality (or the lack of

it)
FIRST Ford Insomnia Response to Stress
GUT Get up time (hr:mm). The time the actiwatch recognises get up time

RSGSNXY¥AYSR o6& LINBaaiay3a odzitdzy 2y 61 GOK

IT Immobile time (%). The immobile time expressed as a percentage of the
assumed sleep time

MEQ Morningness/Eveningness Questionnaire

MT Mobile time (%). The mobile time expressed as a percentage of the assumed
sleep time

NREM Nonrapid eye movemensleep (NREM)

PSG Polysomnography

PSQI Pittsburgh SleeQuality Index

REM Rapid eye movement sleep (REM)

SCN Suprachiasmic Nucleus

SE Sleep efficiency (%). Actual sleep time expressed as a percentage of time in
bed

SL Sleep latency YA Y 0 @ ¢tKS GAYS 06S0sSSy a[A3IKGaA

SWS Slow wave sleep

TTB Time to bed (hr:mm). The time the actiwatch recognises time to bed

RSGUSNN¥AYSR o0& LINBaaAaAy3d odzildzy 2y oI (0K

TIB Time in bed (hrmm). Thé2 G+t St LJASR GAYS 0SGsSSy
aDpz2d ' LX¥ GAYSa

TST Total sleep time

VLPO Ventrolateral preoptic nucleus



WASO Wake after sleep onset (hr:mmjhe amount of time individual spends
awake, starting from when they first fall asleepwben they become fully
awake and do not attempt to go back to sleep



Overview and Aims
This thesis sits in the context of high performance sport where the environment and culture
support the primary objective of achieving senior internatadrchampionship gold medal
performances. Success in high performance sport is multifactorial. Consequently, sports
aO0ASylGAaita ¢62N)] G2 ARSyi(GAFe (GKS aALISOAFAO FI O
performance. Once these determinants of fl@mance are established, this knowledge can
be used to devise broad models &f2 K | TakeshdVA YWVATTW). These WITTW models in
turn help to identify where there may be potential for small advances in performance-or so
OF ft £t SR & Y NB A ghbut myzarden/ havedfoundttiaiNBedz are many factors
which contribute to or influence the determinants of performanees anexample some
obvious ones are, psychological, physical and nutritional. This thesis will specifically focus on
the less wellunderstood psychghysical aspect of sleep and movement behaviour. Sleep
being a recurring state over several hours per night, during which the body remains
unconscious, eyes closed, nervous systelativelyinactive and muscles relaxed. Movement
behavioNJ 6 SAy 3 GKS Y2@0SYSyld @2fdzyYS RdzZNAy3 41 17
R26YyGAYSQd C2NJ SIFaS GKNRdAAK2dzi GKS GKSaAa:z
collective term for both sleep and movement behaviour in relation to their effect on sports
performance. | will argue that these two variables, can provide useful information for the
optimisation of performance. Both variables can be objectively measured and analysed as

sleep quantity and quality, and daytime rest and activity profiles, and cagtthrough the

use of Actiwatches. The methodology for using this field tool is descrili@dapters.

Therefore, the primary aim of this thesis is to describe the evolution of the novel concept and

LINEPOS&aa 2F WTF GAIdzS Y I rioimanseYspoyt industryk. yf wikaimit&k S | Y



describe the progression frofnception of myidea, Y& & dzLJISNIBA &A 2y 2F |t K
FOKE SGAO LISNF2NXIYOSQ | YR Ipéfardhaddelsporsirdusay? NJ F 2
to current practices and future recnmendations and optimal practices for employing
measurement and assessment of fatigue management. Supporting this, and to provide
context to the work completed on introducing fatigue management to the ugHformance

sport arena, | will aim to outline ynphilosophy as a practitioner in the UK high performance

sport system and exemplify the work required in providing sports science support on fatigue
management to elite athletes and coaches. | will also provide a description of the
determinants of perfoY Yy OS YR K2¢g Ay (0iSaINIf (GKS& I NB G2
Further, a technical review of sleep (and associated movement behaviour) and athletic
performance will be provided followed by a description of how sleep has been investigated

in contempaary sports science literature. Following this description, | shall propose that
LIKeaAz2f23Aa0a aKz2dZ R W2gyQ aftSSLI YR gAff L
conducted involving fatigue management. These examples will principally be spahteof

Rowing because this is the sport | have worked most closely with throughout my professional
doctorate programme. Work with other British National Governing Bodies of Spotiewill

used to exemplify the success of tRewing projects. | will alsdocument the associated

evolution of the fatigue management concept into other areas of the UK high performance
industry as this has also been a key part of my work. This has involved establishing normative

data on sleep characteristics in an elite atkl@opulation. The thesis will describe how the

evolution of the fatigue management concept felb me, pioneering work That is,the

concept developed from being a minor part of my practitioner work programme to a
significant service provided throughout the UK high performance sport system, involving

doctoral research, education platforms, innovation projects, service delivery and



multidisciplinary collaborations. The thesis will culminate with guidelines for optimal practice

on how sleep and movement behaviour should be captured, analysed and reported in elite

sport given the complex environments practitioners find themselves wgriiithin Finally,

| will provide future recommendations and conclusions. This will include a summary of how

to introduce a new concept to such an industry and, through qualitative methods employed,

observe, understand and encapsulate the impact of idtrdng the concept of fatigue

management into the UK high performance sport system. A summary of the thesis objectives

is listed below and for guidance, headlines and links for e@hhpterare provided in the

subsequenChaptersequence.

Thesis objectres:

1.

To ascertain the growth of Sports Science over the last 20 years and how fatigue
management has emerged as part of the industry development

To assess current literature relating to sleep and movement behaviour and athletic
performance

To determine why physiologists should take responsibility for sleep and athletic
performance measurement and assessment

To provide examples of fatigue management projects in high performance sport and
methods of optimal practice for assessment of fatigue agament

To make recommendations for future research and applied practice in relation to fatigue
management of elite athletes

To assess the impact of evolving the concept of fatigue management to the UK high
performance sport industry



ChapterSequence

Chapterl. Setting theScene: UKHigh PerformanceSort, the What it Takes towin{Model,
Practitioner Philosophy and theldeabehind the Concept of Fatigue Management.

Rationak: to provide insight and understanding of the appliabrts sciencendustry and my
positionality and philosophy as a practitioner within it. To highlight how | pioneered the idea
to evolve the concepof fatigue management and athletic performance.

KeyFindings
1. Sports sciencand the UK high performanaportindustry has evolvetharkedlyover the

last 20 years
2. Science and technology play a larger rolspartperformance than ever before and more
scientificpractitioners now work within moreports
Introduction of theW? K | TakeskaWA YWATTW)Eoncept
Determinants of performance are crucial to achieving marginal gains and certain factors
impact on determinants of performance; fatigue management, throwgibep and
associated movement behaviour, is one of these factors
My positionality within thesports sciencendustry is summarised
The idea to evolve fatigue management practices came from experiential learning through
working with athletes on the groundna wider discussions within the UK high
performancesportindustry and academia

> w

o g

LINKwhilst Soorts Sciencehas evolved over the last 20 years, fatigue management practices
have not been traditionally utilised by physiologists (or other science and medicine
practitioners) within high performancsport. There is a need to describe what sleep and
associated movement behaviour are and the evolutiothefr measurement andssessment
within the highperformancesportindustry. Feedback from those involved in developing the
concept will add insight and context to the thesis.

Chapter2. Qualitative Methodology

Rationak: Using a qualitative methodologg explorethe impact of evolving a concept within
the highperformancesportindustry.

KeyFindings

1. Qualitativeresearch isiot traditionallyundertakenin the physiology discipline

2. Qualitative analysis can add substance, context, insight and depth to quardifatdings
in the physiology discipline

LINK: the thesis describes the evolution of thgports scienceindustry and fatigue
management as a product of that process. Whilst practical examples of fatigue management
projects and a description of hothe concept was introduced to theKhigh-performance
sportindustry are providedater in the thesis, the impact of such worktypically difficultto
qguantify. Thereforea qualitative methodology wasemployed through individual semk
structured intervews with key practitionersand subsequent representation offered via



verbatim quotes. Thiglata on fatigue management strategseadds insight,substance,
context and deptho the thesisandis set againsta comprehensive understanding of what
sleep is andurrent findings in thesportscience literature.

Chapter3. A TechnicalDescription ofSeep andAssociatedMovementBehaviour

Rationak: To outline the physiological processes of sleep, provide information on the
architecture of sleep and whgnd how it is an important entity to be considered by
physiologists working with high performance athletes and coaches. A description of
movement behaviour is also provided.

KeyFindings
1. Sleep has been studied since the earl§ £&ntury but remains anodern day mystery
despite various attempts to fully describe its purpose
2. As part of itsmystery, sleep falls into a number of domaiesy. psychology,
neuropsychology, cardicespiratory medicine and chronobiology (biological
rhythms) consequentlynoonedomainW2 gy 4 Q aft SSLJ
Seep isfundamental tophysiological procegssand highly individualised
Sleep involves sleep cycles lastingn®0utes andwithin each cyclehere is a 4stage
architecture
5. Sleep regulation is achieved throughhameostatic process responding to internal
cues for sleep need and a circadian process that responds to external cues
6. Sleep deprivation can beparticularproblem for elite athletes
7.5L80AYS | OGAQAGE 2025 ¥WSYSH RISHKINGAO2eqRNEH 34 W YI
relatesto an athlet® WR2 gy GAYSQ
8. Specific analysis of the frequency, intensity and duration of exercise has been reported
AY LI SRAIFGNRO fAGSNY GdzZNBX o0dzi GKS ljdzZt yGAT
monitored with Actigraphy, is not wdely reported, if at all
9. The aim is not to assess tiensity of activity or restbut to provide anobjective
assessment of thbalancebetween rest and recovery during waking hours.
10. Implications of capturing such datae;
11.to help and inform athlets, coaches and support staff to understand compromised
athletic recovery practices
12.educate athletes on the importance of good generic recovery choices
13.provide normative data on a previously unknowaimaracteristiof elitel § Kf SGSaQ € A
14.to make recommendtions to the higkperformancesport system on areas where
FdKESGSa FStd O2YLINRYAASR Ay (UKSAN WR2gy

Hw

LINK:Sleep and athletic performance are interlinked. There is need to review the sleep and
athletic performance literature and demonstrate why, an industry where marginal gains

are paramount, practitioners should conduct assessmentthafse factorscapable of
influencing and enhancing athletic performance. Fatigue management is one of these areas
andthe assessment of sleep and associated movement behasaune of few physiological

and psychologicdactorsyet to be fully explored in the athletic donmai



Chapter4. Sleepliterature andAthletic Performance.

Rationak: to outline the contemporary issues relating to sle@povidea summary of the

F OF RSYAO NBaSIFNOK 2y atSSLI YR 0Kt SGAO LISNF
sleep. Terovide justifications as tarhy, as physiologists, weve a responsibility and should

take ownership of the assessment and subsequent interventions for fatigue management and
athletic performance.

KeyFindings

1. The highperformance athlet@ ability to manage fatigue (through sleep and
associated movement behaviour) has seldom been considered.

2. The importance of assessing sleep in athletic performance has been queried in terms
2F GKS FIOG GKFG wgS ff R2 AdG a2 gKeé YSI

3. Modern tedinologies are often not validated against gold standard methods to
guantify sleep

4. Sleep and athletic performance have a reciprocal relationship and this has not yet
been fully investigated in the higberformancesport arena, with research outputs
clam Wf22aSQ aa20ArdA2ya o0SG6SSy at SSLI |

5. aAyYAYLFE y2NYIFIGASBS RIEGE SEA&aGAE FT2NI StAGS |
individual requirements for sleep display large variations

6.t 22NJ af SSLIJ Oty | FF¥FSOU hdpsythSlogsalfncticdk @ 3 A 2 2 3

7. Three areas are identified as risk factors for poor sleep in athletic performance;
training, travel and competition

8. Athlete chronotype hasaninfluen&y I 6 Kf SG1SaQ NBalLkkyasSa G2
of day.

9. Eliteathletescould benefit from moreeffective sleep management strategies

100b2 &Ay3afS RAAOALI AYS W2gyaQ aftSSLI YR Al
fields however; the applied physiologist is the ideal practitioner to profile it in elite
athletes.

LINK:Sleep associated movement behavioand their assessmeritave been defined and
explained in thesports scienceliterature. What is needed is informationnothe
methodologies employed to comprehensively assess sleep and associated movement
behaviour in the applied setting.

Chapter5. Methodologies toMeasure andAssessSeep andMovementBehaviour

Rationak: to provide a detailed description dhe quanttative methods (objective and
subjective) employed to gather sleep and movement behaviour data.

KeyFindings

1. Sleep quantityfduration) measured through variables suchtase to bed (TTB)ime in
bed (TIB), get up time (GUT) and total time asleep (TTS).

2. sleepquality (described disturbancey measured through sleep latency (SL), number of
awakenings greater than 5 minutes, wake after sleep onset (WASO), sleep efficiency (SE)
andfragmentdion index (FI)



3. Diurnal activity can be assessed by time spent immobile (%) and mobile (%) during waking

hours.

Polysomnograph{PSG) is the gold standard objective measure of sleep

PSG is hard temployin appliedsport settings It candisrupt athletesQsleep due to

unfamiliar surroundings andtan provide unnecessary interruption to the training

programme through access to facilities

6. Actigraphy is a good field measure of sleep assessing the pattern of such resttivity
profiles fnovementbehaviour).

7. Five questionnaires can provide a sufficient spectrum of assessment of subjective
perceptions of sleep

ok

LINK:We now know how to assess sleep and associated movement behaviour. There is a
need topresent how an initial idea from a discreepjgct with onesport, has developed into

an impactful part of routine service delivery to high performance athletes, aimed at
harnessing expertise and professionalism around fatigue managemistisTcompounded

by a need to exemplify, using executive suaries, projects in athletic populations relating

fatigue management and athletic performandearallel to this is a need to develop a portfolio

2 ToptialLINI OGAOSQr F2NJ FaaSaavySyd 2F FFLdiA3dzsS Y

Chapter6. FatigueManagementProjects within the UKHigh Performance Soort Industry
and Methods ofOptimal Practice

Rationak: to provide a narrative as to how fatigue management practices have evolved
within the UK high performancgportindustry.Providing examplesf projects withn sports
that exemplify fatigue management findings and practices within high performspog.

KeyFindings

1. Fatigue management evolved from a pilot project preparing athletes for the demands of
a homeOlympicgames

2. Justification for further research came from my own ideas supported by outputs at
international conferences, funding availability for a specifi®Bn Bleep anl athletic
performanc&€and a need from practitioners on the ground to be educated

3. Dissemination of information to athletes, coaches and practitioners was achieved through
various modes of communicati@uch asvorkshops, conference posters@dmfographics

4. Normative data capture and knowledge disseminating platforms have helped to pioneer
the introduction offatigue managemenand identify additional factorsthat impact on
athletic performance (WITTW)

5. Sportsbenefited from bespoke projects inlving sleep and waking movement behaviour
assessment and fatigue management strategies (20&8ent day)

6. Studies demonstrated the utility of sleep profiling in the management of athlete sleep

7. Methods ofoptimal practice identified includ considerationof whether situations are
simple or complex. The former leaning towards best practice, the latter more towards
what constitutes good practice under complex circumstances.

8. Better fatigue management strategies are needed in high performapoet alongside
production of an established database of athletic sleep



LINK:there is a need to establish the impact of introducing the concept of sleep and
movement behaviour to the higherformancesport industry. This can béacilitated by
identifying critical factorgor successvith this pioneering idea and evolving concept. Impact
can also be demonstrated throughighlighting thechallenges faced andhaking future
recommendations.

Chapter7. Conclusions andruture Directions

Rationale:to highlight where fatigue management practices have had an impact in the UK
high-performancesport industry. To summarise the thesis, identify critical success factors,
challenges and provide future directions for effective fatigue management pradtideg
high-performancesportindustry.

KeyFindings
1. Evolving the concept of fatiguenanagementhas not been a simple process but
collectively involvedelationship establishmengngagement, collaboratiorgssessment
of current literature and identification of common links between research and applied
settings.
2. Sportshave engaged with the concept of fatigue management through assessment of
sleep and associated movement behaviour
Physiologistshould measure and analyse sleep and movement behaviour
A pathway to learn how to measure and analyse fatigue managementjusreel (from
neophyte to established practitioner)
Practitioners need to gain athlete and coaches trust as well as display technical knowledge
Critical success factors were athlete and coachbyy | YR yS3IFdAy3a GKS WL
of sleep
7. Challenges faak were athlete resistance to assessmemxpectation management,
presentation of messageathlete and coach engagement, demographicsy R (1 KS W& ?
what?Q |jdzSadAzy
A process for fatigue management is presented in brief
Future directions & to;
a. developamore comprehensivstrategy forimproving fatigue managemeim the
UK high performancsport system
b. highlight improvements in fatigue management practicesportse.g. education
interventions for better sleep hygiene, competition strategies focused on
including fatigue management
10. Elite athletes and their support personnel are nimwreasinglyaware of how poor fatigue
management practices can impact on their penf@ance andthese should be a key
consideration irevaluatingwhat it takes to win in any givesport

how

o o

© ©



Chapterl.{ SGGAYy3 GKS {OSYySY !'Y | A3K t SNF2NXIyOS {
Practitioner Philosophy and the Idea behind the Concept afifue Management.

1.1 Introduction: why assessleep and movement behavio@

In elite athletes, sleep andverall recovery between training bouts are paramount for
optimising delivery of performance in training and competitibteverthelesswhilst research

into sleep and elite athletes is starting to emerge through subjective and objective analysis
(Savis 1994, Edheret al., 2001, Reilly & Edwards, 2007, Mah, 2011, Skeih, 2011, Leeder

et al, 2012 and Zhaet al., 2012), there is nothing reported on the resttivity profiles(or

WY 2 @3SYSy i ) ofSuch aZpbpildiibiddespite technologies (describe@hapters)

having the ability to provide such data. Whilst high performance practitioners, coaches,
athletes and academic research groups recognise sleep as a critical biological function, rarely
has there been a focus on capturing data to inform atbdéetibout theiroverall fatigue

management througlsleep andassociatednovement behaviour.

Yet, capturing descriptive data on movement behaviour (through wake time rest and activity
profiles) can provide sports science medicine and coaching staffiith quantitative

information an the rest and activity profiles (i.e. downtime) of high performance athletes.

This process allows data capture in relation to elite athi##$JS NOSA SR NB O2 SN
between training and before bedtimend couldprove useful for establishing normative data

and comparisons of different environments, for example on training caamgsduring

competition. This data could then be usedhelp improve: K f Khawdg@of what good

WR2 gy 0 Atr@Ldf quantifidblé da and enhancéheir awareness in making decisions

relating to their movement behaviour It also proves useful wherfollowing recovery



JdzA RSt AySa aSi oe O2FOKSa 2NJ LINI OGAGA2Yy SNA:

Wdzy NBf Al 0 f S Q ighsyfinsulfiéiedtdecuperaiidiibdtwien draining sessions.

To date, little emphasis has been placed on the areawefrall fatigue management and

athletic performance, neither in th&oorts Sienceacademic sphere nor ithe applied field

contextt CoAa SljdzSy dftesx GKS StAdGS FOKESGSaQ loAftAd
associated movement behaviour has seldom been considered. Supposed reasoning for this
isthatg KAt &l YSIFaAdz2NBYSyd 2F | 4Kt Si Scapabilitiskand A 2 f 2 3
metrics predominate training sessions, adding assessment of sleep to an already hectic
assessment batterig often considered too invasive. This view is further enhanced when you
consider the athletes home environment as the one place/tban escape assessmertd

monitoring Furtheti KS | NBI 2F Wwaft SSLIQ GSyRa yz2a (G2 0S5
it spans thepsychdogical, physiologicahnd medical domains (particularly respiratory

medicine) Nevertheless, in an industry efe marginal gains areritical for success
assessment of rything capable of influencing and enhancing athletic performance is
paramount Therefore, practitionershouldrecognise the opportunity for a significant géh

in performanceand be cognisanb conduct assessment of all sudeterminingfactors

Sleep and associated movement behaviour are examples of such factorkeepissone of

the few remaining physiologicaind psychologicahspectsyet to be fully explored in the
athletic domain. Therefore, there is alear rationale for practitioners to focus on the
characteristics of sleep, its quality, quantity and associated movement behaviour in elite
athletes and, as a consequence, highlight areas for improvem@&nailsford (2013)the

former Performance Director of British Cycling and Head of Team Sky, a British professional
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cycling teamcomments on this in terms of an approatiat encapsulates all matters of
performance and specifically highlights sleep as an area for consideratioalpmd to
enhance athlete performances
WYt S22 S 2F0Sy aaz20AFdS YFENBAYLFt 3IFAya gA
that, it is about nutrition, ergonomics, psychology. It is about making sure the riders
3SG | 322R WdnFarin@their avin & lahd pikow to each hotel. Each

AYLINROSYSyid YIe aSSYy GUNROGAIFESX odzi GKS Odzyd
2013.

1.2 High performancesport

In describing fatigue management as a concept within the UK high perforrspadeéndustry
and presenting a case for it to be a focus areaSports Science andedicine practitioners

it is necessary to provide some brief background to the industry within the UK and beyond.

An array of factors are required feporting succesat the elite level Certainly, in the modern
era OlympicGames, countries of relative economic success are the ones who frequently
feature highly in the medal tabledda A RS FNRY TFAYIYOAIf AyLdziz G
sporting success include dedication from athletes, coaches and support staff to ensure a
plethora of science, medical and technical elements peak precisely on the day(s) of
performance. Thereforeas Males (202) reported, technological and scientific advances in
spats2 Ay O2YO0AYlF A2y GAOGK FAYIFIYOAlLfT AyLldziz Ol
internationalsporting achievements,
Wi KS & epbripgriorBangeds now well advanced,Rn &l Rt @8 GKSNBXQa |y
correlation between the amount a country spends anddtgmpicsuccess. This is most

true for technologicallbasedsportslike sailing or cycling, and least true for relatively
low technology basedportslike middle and log-distanceNdzy” y. Mafes (Q02)

11



In GreatBritain for the London 201®lympicsthe UKSport research and innovatiofR&l)
budget was over £10 milliont YR &l & AY | RR Acanka fynding®hica is S { LJ2 |
receiveddirectly from UK spoft ThisR&I budgetsecured delivery of over 75 bespoke,
customised and oneff projects to a broad range aportsinvolving customised equipment
development, training tools and technologies, and innovative insights into enharaiadchty

and recovery methods for performance development.isTimancial commitmentwasthen
increased for subsequent Rio and TolkYympidParalympiccyclesrespectively This was a

far cry from the 2008 Beijing Olympic cycle where UK Sport invédtéahillon per year in
collaborative projects to enhance the performance of British Olympic and Paralympic
athletes. Swch a financial commitment to research and innovationhe UK alonever the

last 20 years demonstratethat science andechnology a&e factors forsporting success
(Greenleafet al, 2001, de Bosscher, 2008lational Research Council Canada, 2018
Certainly benefitsto performance from projects funded through such increased investment
have been wide spread, for examplestiechnological and engineering projects of bike design

and aerodynamics testing for British Cycling.

Parallel to these developments WK Sporffinancial investmenthas been the upsurge in

Sorts Sienceover the previous three decaded hisevolution of theSports Sciencadustry

1 Established in 1997 UK Sport is@-departmental public bodyf the Department for Culture, Media and
Sport

2 UK sport havébgdtral fundingXor sporting National Governing Bodies (NGBs), enabling them to operate a
World Class Programme (WCP) and ensuring athletes have access to outstanding support personnel and
training environments to ensure they are among the best prepared in the world; alse havédirect to
athleteCfunding in the shape of an Athlete Performance Award (APA). This award, which is solely funded by

National Lottery income, is paid directly to the athletes and contributes to their living and sporting costs.
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has seen a significant growth in threle of Sports Sciencén assisting, improving, and
monitoring athlete preparation for major championships, the amount of direct praaciio
delivery time to athletes and coaches (Davison & Williams, 2009) and a greater use indirectly,

of sports scienceesearch influencing practice (Bishepal., 2006).

LYRSSRZ RS . 23a0KSNJ 0unny0 NBLIR NI Siversiod OA Sy (i .
international sporting success and where single istrment in this area can provida
competitive advantage. Although Clark & Skiba, (2013) note this research should be based

on available evidence through peer reviewed journals and sound raagowhilst this is a
scientifically robust approachunequivocal evidence toanswer sportQ performance
guestionsis not always present, or possiblein the availableliterature. Whilst science
progresses understanding by publication of evidence following -pedew, elite
LISNF2NXYIF YOS R2SayQi gl AlG FT2N 0KA&ZDP meahsdAy 3 |
that you mayemploy practiceshat evenpodyalready knovgabout andare well-established

but these are in addition to confidentially tracking and acting on more intelligérateother

nations do not have access to. Therefore whilst effective support work necessitates
innovative practicesand evidence based practice should dtethe forfront of a practioners

mind when supporting athletes and coachpgctitioners often find themselves working at

0KS WwOdzi iparfgrman& RainSvieretiey are the first to trial new methods without

any available evidence of performaniogprovement. Undoubtedly, vinere practitioners have
experienced using innovation in the absenceaofy available scientific verificatiomhen
approprite, their findings shoild be disseminated to the wider scientific population for

discussion and contiration of cutting edge scientific suppo(Bishopet al. 2006). For

13



example at the end of anOlympiccycle where competititve advantage is negated post

competition.

The worldwide increase irsciencepractitioners working directly wittsports enhances in
Goaching and Sorts ience research, and in laboratory and field technological
developments, has led to a collective uplift in the qualityspbrts specific physiological
monitoring and testing praicols available to elite athletesand correspondingly, their
performancegHahn, 2013). Therefore, the sciencespbrtand performance has become a
more integral component of the higberformancesport industry and specifically in the UK
in answer to ach worldwide industry change, we have observed our natigpakt system
undergo a monumental change and emerge to be the envy of the world (fiteg,in Kelso,

2012).

A catalyst to this change was the 1995 BritBbvernmentLJ2 f A O& & i GtBeySy 4 W
D I Y,$vlich announced the advent of thiational Lottery and its investment of £300
million a yeainsportg KA OK ¢g2dzf R Fft2¢ (0KS Sal0lSpdRBEKYSY i
In this statement theGovernmentchallenged Britislsportto establish a regional network of
specialist institutes who would provide everything necessary for spteting success, from
GFrfSyd ARSYGATFTAOFGAZ2Y (2 AO0ASYGATFTAO YR YSRA
remit would be to developl a LIS OA | £ ASpoits SuikBcgaind\§iveis M&djeine and also
I OSYydiNB 2F SEOSttSyOS Ay NBaSINOK IyR RS@St

worldwide increase isportsscientific literature and applied knowledge and practice.
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A further incentiveto the cultural shift in the Ulkport system was the poor performances of
Team GB athletes at the 1996 AtlanBdlympic Games. Simon Clegg the form@mief
Executive of the Britisl©lympicAssociation and who wd3puty Chef deMission in Afanta,

adzyYFNAaSa GKS 3INI@gAdGe 2F DNBFG . NARGIAYyQa LI

Wtlanta was a massive low point. One gold medal, the lowest place in the medal table
since the early 1900's, it was a really significant underperformance by the British team,
sometimesyou get into a downward spiral and it is very hard to get yourself out@fdt
(Clegg, cited in Kelso 2012).

Over twenty years have passed sirtbhe dismalBritish performances in thel996 Atlanta
OlympicGamesii K S 3 2 @ Shisigric Bojicyi faiement and the advent of the national

lottery. During this time Bish high performancesport has undergone a transformation

unlike anything experienced before the UK This is exemplified in the Wport system

where itsincreasesn sport) T dzy’ R A Wational Koty dri Exchequer pathways b

paved the way fosportsto employ performance directors, coaches adports Science and

Medicine practitioners in a muchmore rigorous and strategic mannerin short, the

traditional wellmeaningand amateurapplication has long since been replaced by scientific

rigour (Gibson, 2016). & |y SEIl YLX S &aAyO0S 'Y {LEZ2NIQ&a 2201
(WCPP) funding beganindpcpt = . NAGAAK w2gAy3IQa 2/ttt TFdzy RA)
£10 million for the 2000 Sydney Olympic Games to ovemtiibn for the 2016 Rio Olympic

Games.

Certainly, this cultural shift iprofessionalisnand modernisatiorof Britishhigh perfamance
sportK I & K St LISR | G { $uscgssiibra inQMympicar®d Baralrdpisiportwhere
we have improved oumedal totalperformance for five successive games and become the

first nation to improve their medal total ahe OlympicGamesmmediately after hostingne.
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It is no surprise that this has come about since the advent of support from National Lottery
funds (Prender¥le, 2016). Figure1.1 RA & LJ I & & Q@ypicsucdess Giace the
aforementioned poor performancat the Atlanta 199@lympicGames.Without doubt, the
establishment of UKSportin the late nineteen nineties as the funding body Nitional
GoverningBodies ofsportand the creation of the English Institute $port five years later,

have been fundamental to the changes observed in the success of the UK high performance
sportindustry. Both these organisations have brought a level of strategic intelligence to the
UK high performance sport industry which dhdt exist prior to the 1996 Atlant®lympic
Games. Thus, theow andwhen{ LJ2 Kdaric&3 are spent are considered morahever

before.

Yet increases in the Spoffsinding alone have not achieved the podium successes we have
witnessed over the last 20 yearsMoreover, it is a collective impact from improved
governance, culture and people who operate within the UK pigffiormance sport industry.

Note the success of thearalympid. Kl & LI N} ff St SR ¢SIY D. Qa

refer to Team GB as a global term for the remainder of the thesis.

STheEISisth] Y @rest provider of sport science, medicine and technology. The EIS also provides a range-ohhddbdnefits to
the sports they work with including wordass performance environments and access to cutting edge innovation and research.
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Figurel.1 Teams BQ duccessn the last five Olympic Games includinga breakdown of

Gold, Siver andBronze medalstotal medals won and overall positioifranking)

1.3 What it Takes towin (WITTW)

With the evolution of thesports sciencandustry came a concomitanterminology shift

I 8820A1FG8R 6AGK GAYYAYT

AYGSNYFGAZ2Y L §

v

2008 Olympiad this has evolved into a much more strategispodaligned process focusing

ondeterminants of performance pmore commonly termedvithin British high performance

sport, aW2 K | TakeshtdiVA ynodel (WITTW).

The concept of &2 K | TakesAtdiVA ynOdel stems fronsporthecessity taaggregate any

marginal gains for performance benefit.

Thederring to the fact thatpractitioners, like

myself, coaches and performance directst®ould ensurghey examine every aspect that

might have an déct on an athlete(performance andry to discover wag to improve it.

S

This philosophy applies to asportand as part of a detailed plan to produce a medal winning

performance, the determinants of performance must firstly be identified to increase the

17
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chances of medal succeds.Y A 1 K 6 HAnno0 NI LBOHpesiBtmai@sappear 2 NI R
G2 LA FGSHdz F2NJ 2yt & | akKz2NI LiodogatiRyg ady§aind NS 06 S
made becomes part of Ergerimpact on an athlet® performance.lt is the alignment of

LIN OGAGAZ2YSNRA 62N LINE Jnktlis thy &seice of tontémipiadi a 2 L

world class Sports Science aviédicinesupport programmes.

Because the ability to identify, scrutinised improvedeterminants of performance cdead

to the difference between success and failure, WM models are significant to sport@

ability to deliver its predicted medal target @ympicand Paralympiggames. For example,

at the London 201DlympicGamesthe time between gold and bronze for tratky R FA St RQ:
100metreY Sy Qa TFAY Il t I nfeRe TANBASYAYOARY BQ & Spyma FAY L 4|
seconds respectively. Perhaps more crushing, is for those athletes who finish outside of the
medals, but where the performance margins remain tightr &ample, if the athlete who

achieved # place at the London 2012 1@etreY Sy Qa FAY Il f KIFR NXzy 2y S
the existing field of performances remaining the same, then they would have won a silver
medal. Both examples represent small masgin time, but huge voids in terms of
performance outcomes for the athletes, coaches and support staff invpbatl in terms of
performance, funding andiltimately, sporting history. Similarly, Tablelldisplays data from

the Beijing 2008lympicsfor an array ofsportsranging from sprint to endurance, and the
difference in medal attainment that a one percent improvement in performance would have

made. It presents hoyeven with a relatively smaiinprovement in performancegl%would

potentially be the difference between finishing in or out of the medals.
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Table 11 Results from 2008 Beijin@lympicsdisplay the difference 1% makes across a
range ofsports(adapted from Males, 2012)

Event 4™ place 1% improvement | Proposed Result
I 6Kt SGA0a aSyQa 993 9:83 Silver
liKf SGA0a 22YSyd 5001 49:51 Gold
YIel]l] aSyQa Ym wm[ 3:29.19 3:27.10 Silver
SwimmingW2 YSy Qa nnn 4:03.60 4:02.61 Gold
Athleticsa Sy Q& al NI (K{ 21021 2:08:7 Silver
] 80t AYy3 22YSyQa || 3:32.28 3:30:52 Gold

Therefore,in an industry governed by such marginal differences in performances, there is a
NBIjdZANBYSyYy(d (G2 ARSYUGUATEe |yR aONdHziAyAasS | alLlk
GAYQ YR GKS |3420AFGSR ONRGAOI RSUSNNAYL
l RRAGAZ2YFE G2 RSOUSNXAYIFYy(Gad 2F LISNF2NXYIFyOS |
influence determinants of performance. Figure 1s2an illustration of a how a successful
performance model may look with its principle component parts; the wigrperformance,

the determinants of performance and impact factors on those determinants. Fundamentally,

the model demonstrateowimpact factors exist outside Mgt Takedo2 A y Q bug RSt

are crucial in their interaction witthe critical determnants of performance.
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we.g. gold medal;
personal best

Winning
performance

Determinants
of
performance
(WITTW)

we.g. VO2 max; speed over set
distance
Impact factors

we.g. fatigue management (sleep; movem
behaviour)

v

Figure 1.2. lllustration of how fatigue management through sleep and associated

movement kehaviour can potentially impact on determinants of performance ik K| G A G
¢l 1Sa mdelz AyQ

It important to recognise here that there are many determinants that can contribute or

(s}

AYLI OG 2y +y StAl FGKESGSaQ oAftAdGe (2 gAYy
Consequently, there are a myriad of impact factors on such determinaritresent
throughout this thesis that fatigue management is one of these potential impact factors on

determinants of performance inW?2 K | TakeskaiVA ynodel.

It is important to note that | am not presenting an argument that fatigue management,
through sleep and associated movement behaviour, are isolated variables that will lead to
a winning performance. As Davisehal. (2009) report, changes in a single variable are
unlikely to make a substantial contribution and it is often the accumulationany changes
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across allSports Sience(and medicine) disciplines that leads to successful performance.
Nevertheless, all factors in2 K | TakeskolVA ynodel should be considered in preparing

for international competition and | therefore argueahsleep and movement behaviour are

two factors impacting on such a modeTlhe thesis will therefore specifically focus on the
concept of fatigue managemento highlight howsleep and movemenbehaviourserve as
dza ST dzf WAYLI Ol FIFIOG2NRQ 2y (GUKS 2LIWGAYAAlLGAZY
Figure 13 simply demonstrates the interaction between fatigue management and various

performance variables, although it must be noted this is not an exinauglustration.

21



Sleep and downtime
(fatigue management) | >

| | |

Training stress

lliness and/or INjUIY | ) Recovery Preparation
Training adherence > Adaptation .
v v
Health & Wellbeing — Performance

Figure 1.3. The interaction of fatigue management on athletic performance variables
(adapted from Gupta 2013)

This thesis will therefore describe how assessment of such impact factors on critical
determinants of performance have evolved from being a minor part of my wayrgramme

in one Sport to a significant service provided throughout the UK high performespoat
system; involving postioctoral research, education platforms, service delivery and

multidisciplinary team involvement.

The focus will principally be the sportof Rowing because to datBritish Rowingwho are
regarded as one of the best rowing nations in the world, have benefitted from projects
involving the objective analysis of sleep and daytime rest and activity profiles in elite rowers.
They are o thesportwith whom | have had the most direct contact over the past 10 years.
Squads from 2007 to 2014 will be used as the principle sample population for this thesis.

Other Sportswill alsobe used for examples of established normaitzgective daa collected
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and such project descriptions are pivotal to providing an indication of impact to the UK high

performance industry irvolvingthe concept of fatigue management.

1.4 Practitioner background

| feel it ishelpful and importantin the first insance to describe my philosophy as a
practitioner within the highperformancesport industry ahead of outlining the inception of
the idea to evolve the concept of fatigue management witthiis industry. Thisectionwill
provide context to my role within the UK high performarsport systemand how | came to

be in a position to introdce such a novel concept to the industry.

1.4.1 Positionality

During my career to date, | have been fortunate to have baeart of the aforementioned
transformation in the UK high performansportsystem. My positionality within th&orts
Sienceindustry has developed over the last 20 years from a young, neophyte post graduate
practitioner embarking on &orts Siencecareer, to an experienced discipline lead working
for a renowned institute ofport, supporting podium athletes i@lympicand Paraympic
domains through si©lympiccycles. Most recently my role has evolved to become more of
a performance consultant, specifically focusingpoactitioner development, expertise in the
UK high performance sport system and a technical specialissptimal performance and
fatigue management{eepand movement behaviour)This has allowed me to diversify away
from the high performance sporindustry, yet, maintain a focus on supporting people to
achieve optimal performance in a variety of spherésall the positions | have heltfeel it

has been a privilege and unrivalled experience to be part of a globally evolving industry and
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to work in a country where high performanseortis high on the political, social and cultural

agenda.

With this in mind, writing an autoethnographical and more interpretivist account has been a
particular challenge as | am traditionally more familiar with following a positivist form of
research i.e. obtaining quantifiable data to interpret and report. HoweMeayve discovered

through adopting a more interpretivist approach, that this has allowed meotasider and

present amore personal perspective of myackground, positionality and philosophy towards

being a practitioner in the K high performancesport system. Thisid {1 Ay G2 a2 NI 2
reflective accountwhere he reportedbenefits to his professional developmerthrough

reflecting and reporting in the seifarrative (Morton, 2009) This was a paper the now,
Professor James Morton, wrote as a neophyteueet, spanning the course of his first year

in a full time lecturing positiorhaving recently competed his PhD. tihe paper,he writes

honestly about his misgivinder writing in a qualitative format and commented on how, as
physiologists, reflective practice is quite different to our ussekntific writing style and
reporting of quantitative dataThis was as seminal paper for me, and the wider Sports Science
industry, as at the timelimited reflective practices existed in the exercise physiology field;
neither reported in academic literature, nor actively encouraged or coached as paryod Q a
development. Forma 2 NI 2 Y Q&  dparfeotlydiéscribdd th#SaNdiees and triumphs

of a neophyte practitioner, albeit working in a quantitative field, yet able to articulate their
reflections in such aautoethnographical anécademic mannerRS I RAy 3 a2 Nli2y Qa
paper, Knowleset ald Qaok (2014) and writing thishesis in amore interpretivist manner,

has enabled me texploremeaning to my personal background and positionality within the

high-performancesport industry and touncoversome of my own beliefs of the importance
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of my work and express its impacthS LINP OSaa Kl a OSNIIFAyteée KSft|
practice and become a better practitioner for it (Knowlessal., 2014). Notably, this thesis

has made me realise how much of a humanist approach | take when supporting elite athletes.

By this | mean that whilst | am their physiologist first and foremost, I like to take into account

0KS GKfSiSa WoK2tS agase A REUSNNYFIDOYICKKS
(2009)reporting of a humanist approach where he descriliegore any interventiona need

to build empathy and a personal relationship with the clieantd the need to understand

them as a persofMorton, 2009) This is something | can profoundly relate &s ly being

more humanisticand therefore not limiting myself to what the physiological data is telling

me, | believe | can be more impactful in my support to the elite athlelegs) responsible

for2 KSNB L KI @S 20aSNIBBSR WRI Gl RNARGSyKhighyt e Q L
LISNF2NXYIFyOS aLRNI aeadsSysz L KI @S ooBsSrying ¥ NHza G |
the athleteas a whole ane@xclusiveltracking objective markergzorexample,when | first

started in the British Rowingrogramme,we had a case where an athlete unfortunately

suffered from unexplained underperformance syndroPS) As a coaching and support

team,had we spent a little more time listening to them ratltean simply observing data on

the water and in the gym e.g. split times and weights liftasy could have provided
interventions earlier in their training to potentially negateethliness occurring Therefore

by reflecting in such a personal manner i8hiwriting thisthesis, Iremain confident the

NBI RSNJ KFa (0KS 2L NldzyAde G2 206GFAYy | Of SI1
and understand the personal reflections of my ontology (existence) and epistemology

(knowledge) within my professio
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component of high performancsport.  As described previously, coupled with the increase
in the amount of direct practitioner delivery time to athletes and coagltbere is a greater
use indirectly ofSports Scienceesearch influencing practice (Bishep al., 2006). These
factors of increased knowledge and practitioner delivery and recognition of the impact of
Sorts Sienceon athletic performance have not onbeen pivotal to the development of my
profession as a whole but also for my own philosophy towards scientific support in-a high

performancesportenvironment.

1.4.2 Professional practice

Traditionally there has been little emphasis placed on the enquirypnbéessional practice
in the majority ofsports sciencelisciplines. Specific disciplines tend to vary in their ability to
measure the effectiveness of practitioners either qualitalyvor quantitatively, although
sport psychology is the exception, wheréor example,a multitude of literature exists
referring to reflective practice and athlete support (Partington and Orlick, 1987, Andetson
al., 2002, Andersoret al,, 2004, Cropleet al. 2007, Cropleyet al., 2010 and Cropley &

Hanton, 2011).

In the discipline of physiology (my technical area) there has been little focus on the ability of
practitioners to define a philosophy, evaluate and reflect on their practicecanside their
own positionality in relation to their professionPeer reviewed reflectivaccountsfrom

physiologistsare certainly rare in the literature (Morton, 2014 raditionally physiologists
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have placed less emphasis on cognitexaluation andits importance and insteadhave
F20dzaSR 2y GKS AYRA @A Rz fromlsderiific $igrgeftdns.LIKe a A 2 f 2
argumentappears to be, thereforghat the quality of physiology supportask is difficult to

guantify in a meaningful way and whilst physiological assessmenspods performance

itself can aid athletes and coaches assessment of the impact of physiological support,
measuring the impact of physiology on performance in relatmthe practitioner involved

can be abigiuous. This is frustrating when you consider reflective practices are paramount to
achieve high performance both as an athlete and as the practitioner supporting the athlete.

As Knowlegt al. (2007) describeiR S@St 2 LIAY 3 Ay G2 | LINI OGAGAZ2YSI
in any domain requires a combinatiom professional knowledgéexperience and technical)

and tactic knowledgéknowledge that cannot be verbalisedk. your values, prejudices and

social norms.lt is here in the exploration of téédknowledge where enquiry into professional

practice andreflection can be most effective. Further, if you understand the extent of both

your professionaland tacit knowledge then your skills as a competent practitioner are
enhanced andcan impact uponyour service delivery (Knowlest al, 2001). Reflection

through creative writing (self narrative) plays a key peate as it can help to unleastidden

Wil OA ledye throfigh graising conscious awarenesshich in turn candrive active

reflections (Saylor, 200®orton, in Knowle®t al., 2014).

In the case ofevolvinga new concept to the UK higherformance sport industry, the
relevance of reflective practice ® y S1€&lopments an important point. In the process of
evolving fatigue management, through sleep and associated movement behgagaam area

worthy of measurement andnalysis| have strived to develop my aseness and ability to
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effectively reflect in the knowledgethék S | 6 Af A e (G2 SyljdzZANB Ayid?z
provides an effective addition to an existing technical and-temhnical skill set. This is in
essence what this thesis embodies reflection on the impact okvolving anew concept

(fatigue management) to the higberformance sport industry which allows me to
encapsulate how my skills and abilitiepmoblem solingincluding innovation, creativity and

overall capacity and abilityptreflect havedeveloped

1.4.3 Philosophy

Fundamentally, my philosophy towardports sciencsupport to high performance athletes

and coaches is that it should be performance focused and follow a coach and athlete centered
approach. | combine this with the knowledge and dedication gairts sciences about

making marginal gains in an athl€@erformance and establishirfghat it takes to wigirom

a discipline specific and holistic standpoiftarallell to this process is a strong addnereto

the theoretical principles of athletic training which underpin any scientific input into an
athlete® training and performanceAs a practitioner, | feel that having the daily technical
andnonl SOKYAOIf AYGSNYOlA2Yy 6A0GK | GKfSGSa 2LISN
technical knowledge and skills and also-sslareness in striving to prod | Wg 2 NI R Of
support serviceForexampleY 2 Yy A G2 NAYy 3 F GKf SGS5aQ NBaLRyasSa
having a global awareness of their recovery on a day to day,dassS ® g K| i Wi 2 R
place on therselves other than training? Are théaving to work in addition to traihetc.

As Thompson (2010) reported JNF OGAGA 2y SNRa 2FGSy 62N Ay

AoftSQ LXlFea o f
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GAYSQ ¢ Neinénts dfiihiSrdld eS). project development, audits, data managegment

in addition to their own development interests in training, research and innovation
(Thompson, 2010). This is certainly a concept | have experienced throughout my, career
however, throughout this| have maintained that an evaluation of work quality and its
influence on high performance athletes and coaches is crucial to effective support work. How
my work supporting athleteand coachess measured and evaluated te me, the difference
between quality assessment and good professional developmantd poor athlete
progression and sustained future service provisiorhe process of providingvorld class
innovative support to athletes and coachesexemplified through the successiuiroduction

and development of the novel concept of fatigue management and athletic performance and

shall be highlighted throughout the thesis.

1.4.4 Accountability

In establishing new concepts to athletes, coaches and support ktadfieve that Ineed to

be accountable for the interventions | am advising athletes and coaches to employ in their
performance programmes. Hawkes and Miles (2001) commented thaswithh an emphasis

on the growth of professionalism of the applisgorts €ienceindustry, there is more of a

need for accountability andin order to be accountable, skills in evaluation need to be
developed to allow for assessment of intervention effectiveness and feedback to athletes and
coaches. To ad@hompsongp. 1,2010) noted howelite sportis judged on results, therefore
Bportsscientists operate in a dynamic and volatile environment of accountability where it is
RAFFAOMzZ G (G2 LINPOARS STFFSOGAODS Yiislcénoeptlbfa 2 F ¢

accoungability coincides with my personal objectives of providing a high standard of
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physiological support specific to the requirements of the athletesport/discipline and
ensuring consistency in my working practices through purposely and regularly refleating
my performances. In initiating a new concept to the UK high performance industry, the issue
of accountability was critical. Here, the technical knowledge | gained around fatigue
management (sleep and movement behaviour), highlightedhaptes 3, 45 and 6, became
fundamental to the process. In conjunctiafth my developing technical knowledgeas my
ability to influence coaches, athletes and peers as to how the concept aligned into what it
takes to win models In considering accountability, Hawkes and Miles (2001) identified
themes for effective practitioners, two of which resonate with the pathway | have taken in

establishing a novel concept to the UK high performaspmartindustry.

1. Knowledge and experiencer@ fundamental to the fact that articular attention should
be paid to a solid technical knowledge and understanding of the determinants of
performance and the associated physiological requirements for a gipert. In this
instance and parallell to thisnowledge, was having a good technical understanding of

the physiology of sleep (oultined @hapter3) and the indivisualised nature of it.

2. Aprofessional practical service is necessary to providing any support to elite athletes and
principally when producing new innovative solutions and ideasports programmes.
Having a proactive innovative approashmportant as often researdls notavailable to
answer the performance questions in a WITTW model, so using innovative techniques
with theoretical underpinnings are crucial. Inglinstance, unerstanding the theoretical
underpinnings of sleep from a physiological standpoint wasigal to identifying sleep
as an area deserving further researclgoorts Sience. It also eemplifies how innovative

techniques can be transformed intgport programmes by practitoners with an acute
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awareness of accountability, the significance of techncialWtadge and the impact on

W2 K | TakeshtdiVA ynBdels of a givesport.

However,whilst such scientific underpinnings may provide a sound basis for an idea, the
LIN} OGAOFtAGE 2F SELSNAYSYyGlIiGAz2y A& fAYAGSR
reflective practice can be an effective tool for assessing the impact of ayartintervention

andmy role within thatis exemplified throughout this thesis.

1.5 How did the novel concept of fatigue management begin?

The motivation for encouraging the UK high performaspert industry to have a strategy

for fatigue managemerthrough robust assessment of sleep and movement behaviour, stem

from both my experience in the industfworking with elite athletes for over 20 yeams)d

personal intuition(no one was measuring sleep or athlete downtime and | felt the variables
needed to be captured Historically eep and athlete performancéad been aldressed

butonlyF N2Y | GNI} @St Fl GA3IdzS &0l yRLRZAY @dlin 524y 0.
eliteathletes2 y GKS o6l aia GKIFG LINY aigraphyad pad oikheirRA Ry Q
assessment battery of elite athlex Additionally, few practitioners had employedig

particular function of the actiwatchesNevertheless] believe both sleep and movement
behaviour are valid objective and subjective moniigrimarkers of an elite athle@ability

to tolerate training load and the effects of such a training load. This is of course in

collaboration with other defined performance markerdevant to a Sport e.g. 20Q@etre

rowing ergometertime (mm:ss.Q)
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Sandard justifications for analysing and characterising an atfleséeep and movement

behaviour profiles are typically, but not exclusively, related to fatigue management issues
within asport. These can manifest as a medical referral frospatLXhief Medical Gficer

to assess either training load management (indications for wneeovery, underperforming,

training adherence(Wallet al, 2003 Smithet al, 2011, Schaai al, 2014 )or provide objective

data to verify perceptions of poor sleep and undlecovery, a need to capture baseline data

and verify athlete selfeported sleep issues. Regardleas,practitioners, wean be more

proactive than reactive andy collating baselinedat 2y | (0 Kf S1SaQ 202S0GA
sleep and/or movement behavioumeans we can potentially foresee issues relating to

fatigue management.

Having said that,ntroducing fatigue management assessment is a change in standard
practice givenSoorts Siencepractitioners haveeonventionallyemployed a standard battery

of assessments to characterise and measure athlete adaptation and recovery from training.
Introducing fatigue management assessment displays a varian&eHE®S NDA 8 S LK@ & A 2
philosophy to fithness assessment batgeil o date sleep and associated movement behaviour
have not traditionally been part of this assessment battgst, as | will describe iG@hapter

3, sleep is a physiological process which the applied physiologistcsheel compelled to
profile in an elite athlete. The challengeis that whilst the mystery of sleep has been
investigated since the early twentieth century (Piéron, 1913), little research had been
completed in theSports Sience industry in relation to sleep and its effects on athletic
performance or vice versa (refer t©hapter4). Despite being a physiological process (refer
to Chapter3), sleep falls primarily into the domains of psychology, neuropsychology, eardio

respiratory medicie and chronobiology (biological rhythms). The mystification of the

32



A 7 A

Syo0S 2F WwWatSSLIQ FyR (K O2YoAYlFGA2Y 2F &

(0p))
Qx
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GSNXasx y2 aAy3atS RAAOALIAYS W2gyaQ at SSLI | yR
fields. Nevertheless, despite the relationship between sleep and numerous academic
domains, the concept of fatigue management through sleep and associated movement
behaviour assessment, has not been high on the agenda of most contemporary sleep research
grodzlLJa s A GK NBaSkNOK 2dzildzia OfFAYAy3 WwWiz22aS.

| shall elaborate further on this discussiorGhapter4.

Nonetheless fatigue management, through sleep and associated movement behaviour
assessment, arémportant variables for a physiologist to consider measuring with their
athlete cohort. Not only does this provide more quantitative information for tbeaching
andscience and medicine team supporting thhlete, butalso requiresa sense of empathy
towards the client(the athlete)and this ability to create trust, credibility and hold an honest
dialogue with the athleteis a skill set demandingnore attention from developing

practitioners These area principle poing which will recur throughout the thesis.

1.6 Summary

This chaptehas aimed to summarise the purpose of the thesis,amgrovide some context

to the UK higkperformance sport industry, and myself as a practitioner in itl have
highlighted my positinality as a practitioner in the Ukigh performancesport system from
neophyte student toa leadership role within the EIS and more recendyfreelance
performance consultanspecialising in the area of high performarspmrtand sleep.Parallel

to this professional advancement was my personal development and desire to work in a

different form within the UK high performanaportindustry. During the time frame of my
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professonal doctoratel have transferredfrom a full-time practitioner in a medal winning
sport, to focugngon a leadership and management role, whilst growing my family (becoming

a wife and mothey andtransitioning into my most recent consultancy role.

Firally, this chaptertakes the reader towards theeasons why a concept such as fatigue
management should be introduced to the UK high performasgert industry. A further
description of why this should be considered and the process of inception of tied idi#a

through to current day activities are provided@haptes 4 and 6.

The nextChapterwill focus on ethics andlsofor purposes of clarityinclude a definition of
WSt A (0 Soyfspoaddghit will outline the qualitative methodology whichag utilised to
provide context, illustration, depth and content around the quantitative findings and it is
hoped, ultimately enrich the thesisAs described in th€hapterSequence, his will then be
followed by aChapterfocusing on a technical description of sleep and movement behaviour

in order to establish what these impact factors are ahead of any further discussion.
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Chapter2. Qualitative Methodology
2.1 Introductiornt why a qualitative methods approach?
Whilst the majority of projects reported in this professional doctorate will follow a
guantitative methodology, there is scope for qualitative methods to supplement the
guantitative studies and add substance to the overall discussion. For the overad, thes
mixed methods design was employed to capture all the relevant data. The quantitative
methodology $ presented inChapter5. Inthis chapter following information regarding
SGKAOaA FYRX F2NJ LJdzN1}2asSa 27T Qdtive Mktlibdobgylis RS T A
presented. The principle justification for this approach was that, through qualitative
methods, there were opportunities by which purposely selected individuals provided depth
and context throughrepresentatiors in the form of verbaim quotes andconstructed
narratives regarding the introduction of the concept of sleep and movement behaviour in UK

high performancesport.

2.2 Ethics

For all aspects of the study, qualitative and quantitative methods, ethical committee approval

has ben obtained from the University of Kerschool ofSportand Exercise Science (July

2014, Appendix 1). All participants signed an informed consent form (Appendix 1) prior to
anydata collection beingindertaken. Where repeat testing or monitoring procedures were
performed, participants were asked to providerther informed consent only if their
circumstances have changed e.g. injulyKA & A& Ay O2yedzyOiGA2y GAll
(2009) suggestion thaypes of functional capability tests mag a requirement of employees

such as athletes iNational Lottey funded sportsprogrammes. All data is protected under

the 1998Data Protection Act.
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2358SFTAYAYI WSt AGSySaaQ

There has been inconsistency within tBports Science andedicine literatureas to what

definest y WSt AGSQ | 0Kt SiSo it wasdBspdhtikeSthatamds F2 NJ
determinedfrom theoutset g K G (G KS G SN)Y WHdgh parfG@ancesparty & A Y
context. Using a method to define amod2IN) W/ f  aaAFeAy3 (GKSn I f AR
SporQ o6/ SWapretal> o H nmMpUL I GKS WStAGSYySaaQ 2F (GKS |
Wg 2 NI RIn this modlelathidtes are assessed against set criteria relating to 1) within and

2) betweensportcriteria. Withinsportcomparisons are broken down to an evaluation of the

LI NHAOALN yiQa tS@St 2F LISNF2NXIFYyOST (GKS adz00
betweensport O2 YL NAazya Ay Of dzRS O2 Y LISpdrkbdth ghy Saa 2
national and global scale. Each individual component is ranked on a scale (score-fange 1

where 4 is elite) and computed. The outcome of this model is a quantifiable continuum of

Wi GKE SGS S-elitelicGmyp&itiva €lité; sucasul elite divorld class elite (score

range 116) (Gupteet al,, 2016).Figure 2.1 displays the equation for tblassification system

of eliteness according to Swamt al. (2015) andshould be utilised withTable 2.1which

outlines their classification model.
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Eliteness/expertise of athletic sample = [(A + B + C/2)/3] x [D + E)/2]

|

Figure 2.1 Equation and classification system of eliteness according to Sehah (2015)
Classification: - = semi elite; 8 = competitive elite;-82 = successful elité2-16 = world

class athlete

Table 2.1 Model for classifying the validity of expert samplesports scienceesearch
(Swannet al., 2015).

Variable/Score 1 2 3 4
A Regional level; | Involved in talent National level; International level,
Athletes highest university level; | development, & selected to top tier
standard of semk tier professional represent nation; professional
performance professional; & leagues or tours 2" tier leagues or tours |
tier leagues or professional 5
tours leagues or tours 3
B Success at National titles or | Infrequent succesy Sustainedsuccess [3
Success at the regional, success at'®/3™ at international in major i
FGKf SaGSaq university, semi tier level or top tier international, |
level professional or globally recognisedg
3rd/4™ tier competition  |=-
C <2 years 2-5 years 5-8 years 8+ years e
Experience at the
FGKESGSQY
level
D Sportranks Sportranks 510 in | Sportranks top 5in|  Nationalsport;
Competitiveness | outside top 10in| country; smal country; medium largesporting &
of sportin country; small mediumsporting largesporting nation %
I Kt SiGSa(q sporting nation nation nation <
E Not Olympic OccasionaDlympic| RecentOlympic RegulalOlympic 8
Global sport; world sport, world spoit with regular | sportwith frequent |S
competitiveness of| championships championships international major international |3
sport limited to a few limited to a few | competition; semi | competition; global.g
countries; limited| countries; limited | global TV audience TV audience |2
national TV international TV 3
audience audience >

2.4 Qualitative methodology

The aim of this section is to report on a qualitative study to explore the perceived impact of

evolvingthe new concept of fatigue management to the higarformancesport industry.

This line of enquiry is incorporated withsome of the aims of the pro$sional doctorate,

namely; to ascertain the growth &fports sciencever the last 20 years and how fatigue

management has emerged as part of the industry developmEnhdamentally, the research
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was undertaken @ determine why physiologists should takeesponsibility for sleep and
athletic performance measurement and assessmefurther, the research methodology
would allow articulationof examples of fatigue management projects in high performance
sport, exploremethods ofoptimal practiceor assessmerof fatigue management anehable
recommendations for future research and applied practice in relation to fatigue management
of elite athletes. The qualitative methodology also assisted in encapsulating and
understanding the impact of introducing the capt of fatigue management to the UK high
performancesportindustrybetter than my personal observations alan€inally, it helped to
provide justification for investigating the area of fatigue management in high performance
sportand the process and suess of introducing it as a concept to other practitioners within

the UK high performancsportsystem.

Qualitative methodology has gained increasing popularity acrossspiuet and exercise
domain in recent years with the acceptance of the value thsihgle or variety of qualitative
research methods can achieve to explore phenomena. The use of qualitative methods in
mixed methodological approaches can elicit depth and context from that acquired through
guantitative data. The emergence of a peer reveeljournal,Qualitative Research iSport
Exercise and Heal{ftaylor and Francis Group) is perhaps alone indicative of the development
2F (GKAAa YSiKzOrizeterall 2002; Culvaiet &, 2308, Biddle et al, 2001).
Qualitative methodologies provide more holistic and naturalistic enquiry. They ypice
purposefulperspectivérom individual and personal insightse process driveandare more
flexible in design.(Patton 1990). Qualitative methodsare diverse from that of single
interviews focus groups (Patton 1990) and participant observatiodl¢€k, 1991)to that of

creative means such as phestorytelling(Clark & Moss, 201Dy write and draw(Parnellet
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al,2013)p |1 26SOSNE (GKS WAYUGSNIASEQ F2NXNI GO NBYIA
common data collection technique in this research @m(Thomas and Nelson, 1996,
Halcomb and Davidson, 2006, Culeeal., 2012).
WOQAYUISNBASEaE KI @S 0SSy oARSte& | OOSLIISR | &
range of disciplines allied to that of tregport and exercise science, including nursing,
socAioI,ogy,A spcial work,,apd h,ealtrj, prjncipally bgcause of tpe rgqui[ed iAntveraction
0S0G6SSYy AYUSNBASSESNI YR AYGSNIUASSESRQQD |k
To ensure effective preparation and required knowledge of the subject area and participants,
the methodology was ispired by informal conversations with peers within the UK high
performancesportindustry and review through academic sources, colleagues and literature
associated with both qualitative methods and sleep and movement behaviolinis
methodological development phase took place over a long period of time as | was gathering
my thoughts on how to display the impact of the evolution of the concept of fatigue
management to the UK high performance sportindustigzNei K SNE (G KA & 8B 02y Yy |
alsoconsidered recruitmenand development of the interview guide as the instrument tool.
In all, this phase of methodological development, planning and delivery took 18 months, with

the initial informal conversations having the impact of ensuring | was proactive in making the

gualitative aspect of the thesis come to life.

Peer support and tehnical advicavas sought from alealth and Care Professions Council
Registered Practitiond?sychologistgportand exercisefHCPQyith regards to exploring the
paradigmatic location of this research and methodsawélysis on the basis of what the syud
was to achieve through exploration of realitid$e psychologist had no previous experience
as regards the topic area and had never worked directly with the EIS by eingployment

or role but had extensive experience of working with elite athletes consultant.
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Having traditionally resonated with a more quantitative approdobxplored the ontology/
epistemology and methodological approaches associated with the qualitative paradigm
relative to its inclusion in the thesis. This process inwbbansidering what the research was
attempting to understand (individual compared to social realities), being conscientious of

trustworthiness and deciding on the type of instrumésito utilise.

2.4.1 Rationale

In order to encapsulate and understand the impat introducing the concept of sleep and
movement behaviour into the UK high performanggort system, a qualitative, formative

research design was employed. Here, the specific aims were firstly to generate a purposeful
sample of those identified key Ugh performancesportindustry personnel who had been

involved in sleep and waking movement behaviour projects. Secondly, on participant
consent the interview aimed to explore the perceived impact e¥olving sleep and

movement behaviour measurement and analysithe UKhigh-performancesportindustry.

CKANRf &Y (2 dzyRSNEROGFIYR GKS LI NIGHAOALIYGIEAQ |
implementation of such projects and their professional knowledge gdmed them. Finally,

GKS AYOGSNIBASG FAYSR (G2 RA&Odza&d LI NIAOALI yiGa

movement behaviour measurement and analysis and explore any barriers and facilitators.

4 Ontology isthe branch of metaphysics dealing with the nature of beng A fLAM{E GRSy 2He thébiyaf A a
knowledge especiallwith regard toits methods,validity, andscope and thedistinctionbetweenjustified
belief and opinion (The Oxford Dictionag014
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http://www.oxforddictionaries.com/definition/english/regard#regard__27
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http://www.oxforddictionaries.com/definition/english/scope#scope__2
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http://www.oxforddictionaries.com/definition/english/justify#justify__2

2.4.2 Research questions
Given the identified aims listembove, specific research questions were organised across five
sections outlined in Table 2.2.

Table 2.2 An outline of the interview guide structure

Section Detail

1. Introduction 1 Introducing the rationale for the interview and to offs
an explanation as to why the participant had be
initially identified through study inclusion criteria ar
that they felt this was appropriate and still offerg
voluntary consent. An outline of thaterview and a
reiteration of anonymity and right to withdraw at ar
time without the need for explanation were als

provided.

2. Conceptual 1 Outlining the concept behind analysing sleep &
movement behaviour in high performansgort

3. Involvement 1 Estabishing the participar® involvement in the

process of introducing sleep and movement behavi
to UK high performancsport.

4. Understanding 1 Tracking the participa® understanding of thé
introduction of sleep and movement behaviour in
the UK high performancesport industry and any
perceived impact it may have had.

5. Evaluation 1 Allowed the participant to offer any challenges th
they may have faced and to evaluatee process of
introducing sleep and activity analysis to the h
performancesportindustry. It was recognised that th
LI NIAOALI yiQa NBalLkRkyaSa
future directions as to where research can be targe
in the nextOlympiccycle.

6. Closure 1 Opportunity to thankhe interviewee fomparticipation,
allow any questions or topics to be raised not cove
in interviewand explain what happens next in terms
data protection, transcription and availability of th
interview fortheir reference if required
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2.4.3 Participants
Five participants (male n = 3 age 41 *+ 15 yrs.) werposelyselected for the interviews.
Average experience in high performansgort was 9.4 + 6.%rs.and average experience in

sleep academia was 10.6 + 11.3 yrs. Table 2.3 provides an overview of each of the

participants.

Table 2.3 Background information of participants for interviews

Institute of Sport

Responsible for enablingsports to
define their performance questions tha
have clear alignment t&2 K I Takes)
to WA y(MITTW), or what's needed t
win theirsport. This includes:
Enablingsports to define, review ang
evolve the WITTW process a
facilitating performance planning an
debriefing with coaches andsports
science and sports medicine (SSSM

practitioners. They also support af
enable the alignment of SSS
technology, system an
stakehotlersupportli 2 g K I (i Q
to win.

Also, co-ordinate and share practic
from and within the high performanc
sportssystem.

They are the main point of contacl
within the English Institute oSportto
align practitioners’ work flows, ke
projects and personnel within thElSo

meet the performance questions 4@

Participant Role and responsibilities Experience | Experience
in high in using
performance sleep
sport (years) | assessment
(years)
1 Physiologist to a®lympiccombat 6 3
sport
Responsible for the physiological
preparation of high performance
boxers in preparation for international
competition.
2 Performance lead for the Englig 12 11
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outlined to our¥2 K | TakeshitaWA Y

process.

3 1 EIS PhD student with the Engli 5 3
Institute of Sport

1 Responsible for the pursui
investigation and dissemination of
research findings in relation to sleeg
and athletic performance. It involves:

1 Assessing, monitoring and interveni
with athlete sleep (akporty

1 Conducting applied research in
WLIINBRA&ALIRaAAUAZ2Y &
teamsportl 0 Kf SGSaQ

1 Attend international conferences t
present findings on sleep

4 1 Director of Loughborough Psychology 4 30
overseeing the delivery of 5 Psycholo
programmes across 3 Schools.

91 Director of the Clinical Sleep Researc
Unit: the development of applied slee
research in clinical areas, and the use
of health technologies to improve slee
quality.

1 Professor of Psychology: general
academic/pastoral duties

T hdSNJ on &SINBQ SE
experimental and applied sleep
research, and pharmacological and
psychological research.

5 1 Chief Medical Cfficer for a successfu 20 6
Olympicand Paralympideam

1 Responsible for the health an
wellbeing of Olympic and Paralympic
athletes in theirsport

A method of triangulation was employed throughout the progéssm instrument design to
analysiswhich was undertaken with my professional doctorate supervisorasad aHealth
and Care Professions CourkRegisteredsport and exercise psychologist. The psychologist
alsohelped tosupportthe process of adopting a qualitative paradigm as part ofimegis and

subsequent methodological decisionakingthrough a series of consultations
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Potential participants were identified as meeting inclusion criteria and therefore eligible
based on their experiencaf fatigue management practices in high perfancesport, either
directly through work within the EIS or external to @8kflows andtheir level of persistent
observation with myself. Inclusion criteriaagestablished as;
1. Participants had to either be a practitioner, coach or athlete within or a research associate
of the UK high performancgportindustry.
2.t F NIAOALI yia ¢2dzAZ R KIFI@S 4G tSFHad GKNBS &St
3. Participants would have been inved in the UK high performansportsystem in either

or both the London and Ri@lympiccycles (200&2017).

The limited sample population was justified as it provided comparable insights into the impact
of the introduction of sleep and movement behauroanalysis in the UK high performance
sportsystem by individuals who had direct or indirect involvement of its use during the period
(20082017). Thiprocessvas given credibility through peer debriefing with my professional

doctorate supervisa.

2.4.4 Bhical compliance

Through the initial research proposal, ethical consent was applied for and received for the

qualitative part of the thesis from the University of Kent (2014) (Appendix 1).
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2.5 Research protocol

2.5.1 Instrument development

A single senstructured interview was used and has been demonstrated to provide reliable,
comparable qualitative data (Cohen & Crabtree 2006). Semi structured interviews were
designed to last approximately 60 minutes and provided an opportunity foldptermined
guegions to be asked and also allow the interviewer to follow topical trajectories in the
conversation that may stray from the guide when appropriate. Importantly, participants were
given the freedom to express their views in their own terms with opportufatydeviation

and exploration of relevant topics aligned to research questiappdndix2). In short, this
format facilitated comparison across participants whilst still allowing flexibility in participant

responses (Hardst al. 1996).

In shaping theresearchinstrument, | received intensive technical counsel, direction and
methodological guidance from an external advisoHgalth and Care Professions Council
Registeredsport and exercise psychologisthoth pre- and postinterviews. Specifically,
advice was provided on the thematiquestion constructionand dynamigorganisation of
guestion order, participant motivatignlistening and responding skided interview flow)
aspectf the interview and datdanding/representation Futher, there were checks made
to ensure alignment of thénterview questions to that of the overall study airbg reverse
tracking This process of peer debriefingnot only upskilled myself as interviewer in
gualitative methodsbut also ensured dependdly criteria was achieved for guaranteeing

the trustworthiness of the data to be collected.
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2.5.2 Pilot

A principle benefit to using a semi structured interview processtivaisquestions could be
prepared ahead of time, allowing me to be prepared and cotmpeas regards directing
guestions and responding appropriatedyring the interview. As part of this research and
instrument development process pilot interview was conducted with a suitably qualified
individual from the UK high performanaport industry. This allowed rehearsal of semi
structured interview techniques, enhanced my ability in asking questions, listening, building
trust and rapport with the participant and achieving the expected outcomes from the

interview schedule.

Assessing the it interview ensured several trustworthiness criteria were achiewedh as
credibility through triangulation (refinement of the interview guide) and peer debriefing
(were questions were of suitable clarity, purpose and rigour and eliminated any bias in t
process). Further trustworthiness criteria verified were; member checking through seeking
feedback from the pilot interview participant in terms of how they felt during the interview
and the phraseology used and the structure of the process. Crégdibds achieved through
referential adequacy (data was recorded so others could check its accuracy), dependability
and conceivability techniques. Dependability was sought through my demonstrated
knowledge and competence as a practitionertlie topic areaof the interview and in the
high-performancesport industry. Further dependability was shown through my seeking of
training and advice in the chosen qualitative research technique. Finally, in prepd@tion
any external checks being requested, conceivability was achieved through an audit trail of the
process including participant selection, interview guide planning, data collection,

transcription and analysis.
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The pilot processllowed practiceof skillsin maintaining objectivity, thereby sustaining
perspective on the knowledge obtained from theantiews and avoiding ovedentification
with the participants. With such familiarity there is potential for some bias and contention
however, this was limited through pilot interview techniques beingviewed by an

experiencedjualitative researcher andCPC Registered Practitioner Psychologist

2.5.3 Development of interview guide

Trustworthiness was also demonstrated through credibility criteria such as prolonged
engagement with the higiperformance sport industry and relationship with those
interviewed. This ensured the interview guide was structured via sections and included only
guestions which were pertinerto the research aimand succincso as not to over burden
participants Strategies to deal with incidences whereby the trajectories of the catien

became irrelevant were discussed.

Peer debriefing occurred through the development process whereby | had multiple drafts of
the interview guide verified against the research questions by my professional doctorate
supervisor and alsolealth and Care Professions Couspdrtand exercis@sychologist who

also checked for appropriateness, coercion and leading questiotsvhich occurred tthe

point of full consensus from within the supervision team.

To ensure flow through the interview guidé was in a position through persistent
observations to build rapport, establish trust and acceptance from the participants quickly.
In acknowledging by doing so this could potentially introduce bias, there were measures in

place to ensurehiswas notWYaS ¢ SRQ 2 NJ WhsSdoukdhof e deen actievedl
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had | not beera wellestablished practitioner within the UK high performarsport system
having had experience of multipl©lympic and Paralympiccycles. Such prolonged
engagement both with He participants and knowledge of the cultural context for the
interviews, (i.e. industry familiarity, understanding and experieneg)sured | aimed to
understand and clarify the meanings and interpretations each participant offered rather than
probing forinformation or suggesting ideas. This, along with persistent observations of the
chosen participants in their fields of workdded to the research trustworthiness credibility
criteria. Therefore, rapport was gained through familiarity of environmend ardustry with

the interviewees and my experience in the field of high performance sport.

2.5.4 Interviewprotocol

Informed consent was obtained via a goeepared written informed consent form and a
letter was sent to participants prior to the terview taking place (Appendix).l These
documents contained a summary of the aims of the professional doctorate, reasons for the
A0KSRdzf SR AYUSNWASG YR (GKS LI NLGAOALI YGIAQ
contributing to the study were atsoutlined. Confidentiality was assured for all aspects of
the professional doctorate. Specifically, for the semi structured interviews, participants were
given an ID for anonymity purposegth confidentialitymaintained through anonymising the

resporses from the participants.

As principle researcherwas the sole conductor of the interviews$ichwere conducted face
to face in a private consultation room at a location most suited to the participeimére was
also amagreement for a follow up paosnterview either in person or remotely to clarify details

or investigate further points made.
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Referential adequacy was achieved through recording a&edbatim transcription of
interviews. Recording was achieved using a digital voice recorder (Allreli, China) which was

checked operationally by me during the preliminary stages of the interview.

Openended questions were asked in the same order and guidediteeviews. Throughout

each interview as part of a member checking processresponses were gathered,
paraphrased and probed to ensure my understanding of participant meaning and challenge
my assumptions. Thegeobes elicited rich details and degatrons/examples and helped me
learn why observations were important to participants (e.g. "What was significant or

important to you about [that observation]?").

At the end of each event interview, | asked for any other information that the particigalts
were relevant to the topic (Isabella 1990). Whilst each intervisedthe same research
guestions, | aimed to maintain the ability to explore areas of individual significance to a

participant in depth and understand the frames of reference eachigipent offered.

To ensure honesty followed guidance by Knowles (personal communication, 2016) in that
Uhiioughout the research process | sought to achieve a fair and trusting relationship with
participants, enhancing the authenticity of our shataterview experience. If a participant

gl a y2i O2YF2NIFo6tS FyasgSNAy3 | jdSadAaz2ys (K

2.5.5Datahandling and representation
Once the interview was completthe audio files were downloaded onto an English Institute

of Spat (EIS) encrypted laptop (MacBook Pro) and deleted from the Dictaphone. The EIS
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laptop was password protected and had sole use by me. 1 also underwent training in data

protection through the English Institute &portby EduCare®.

All interviews wee then sent via a secure online transfer programme
(https://www.wetransfer.com/) to an external transcribewho had relevant policies and
practices in place to ensure compliance with data protectiofihe interviews were then
transcribed verbatim with idetifying characteristics of the participant§ranscriptions were
saved as a PDF file and emailed to the participants post interview to allow them to sense
check the contents of the transcript. This member checking helped to ersmameracy,
credibility, validity, and applicability of the processd build trustworthiness on the part of

the principal researcher prior to interviews. All data was stored on an EIS encrypted laptop

and according to the 199Bata Protection Act. | was the custodian of the data.

Conceivability and dependability were achieved through the processes of informed consent,
recorded interview and transcription. This ensured a detailed audit trail for those wishing to
inspect findings or replicat@and complied with the trustworthiness of the research process.
Due to the anticipated low subject number due to inclusion criteria, analysis was deemed
inappropriate and therefore representatidoy verbatim quotesvas employed. Interviews
lasted on average 51 (+21) minutes. Extracted quotes which could be interpateiteighout

the thesis text to add context, depth and insight were used to explore the impact of analysing
sleep and waking movement behaviour in high performagpert. This transferability
through providing thick descriptions (quotes from the particifs throughout the thesis also

SYNAOKSR @K aGdzReQa INHZAGE2NIKAYSaaod
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sleep and movement behaviour measurement and analysis into the UK high performance
sport industry led the extraction of quotes. Simply, this process enabled me to efficiently
retrieve and collect together all the transcribed text that | had collated and offer illustrative
guotesat relevant points in thdinal thesis text to illuminate the answets the research
guestions, offer examples of agreement/disagreement and highlight examples/practicalities
2F AYLX SYSyill A2y OKIffSyaSao ¢t KSNEF2NBX
definitive insights into the impact of thevolutionof skeep and movement behaviour into the

UKhigh-performancesportindustry.

To clarify, the results from this short study are not presented in a spentdependent
section. Theerbatim quotes appear in the successtVieaptes where necessarprincipally
in Chapter7, where they addcontextto the described impaand future directions in evolving

the concept of fatigue management.

The followingChapterwill focus on a technical description of sledpwill provide an outline
of the physiological processes of sleep, provide information on the architecture of sleep and
why and how it is an important entity to be considered by physiologists working with high

performance athletes and coaches. A dg#omn of movement behaviour is also provided.
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Chapter3: ATechnicalDescription ofSeep andMovement Behaviour
3.1 Introduction
Chapter 1 presented the evolution of the UK high performance sport industry with a
traditionally amateur approach to spony success exchanged for high end business
approaches aimed at establishing? K I faked i WA ynfddels for all Olympic and
Paralympic sports. In line with th2 K I TakeskdiVA yn@dels were impact factors on such
winning variables. Sleep and movement behaviour, collectively termed as fatigue
management were two of these performance influencers. The thesis highlights data | have
gathered from elite athletes on their sleep andwement behaviour. The motivations for
gathering such data were to help inform athletes, coaches and support staff to understand
compromised athletic recovery practices, educate athletes on the importance of good generic
recovery choices and also providermative data on a previously unknown entity. From
analysis of this data | made recommendations to the UK-pagformance sport system on
FNElFa 6KSNB FTiKfSGSa FStdG O2YLINRBYAASR Ay
outside the training proamme. As such, | feel it is pertinent that | provide a description of
what sleep and movement behaviour are ahead of further presentation of data in the thesis.
In doing so | should point out that my intention is to provideformation on sleep and
movement behaviour as | would to a coach or fellow practitiofies. relevant points and

papers), and not definitive review on sleep and movement behaviour

This chapters therefore areview of thesleep and associated movement behavibiarature
andthe perspectivsL. Kl @S RS@St 2LISR (UKNRddzZAK Yeé g2NJ
Y| y I 3S VY Sef il &sd aa review of the relevant points | try to share with colleagues

who want to support their athletes in the fatigue management domain
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Spedfically,in terms of sleepL. 0 St AS@S Ay 2NRSNJ 2 3INI aL) GKS
explore my idea of introducinghe concept to the UK high performance sport industry

through the umbrella term of fatigue management, necessitates ruimentary
understanding of sleep without a detailed neuroscientific, or more specifically,
neurophysiological, explanation. Therefore, | feel a detailed neurophysiological description

of sleep isot relevant to the thesis and beyond the scopdlo$ dhapter. For reference the

reader is directed to Harris, 2006 and Dick & Feng, 20\IH4at | present irthis chapter (and

also inChapter4), are my perspectives on fatigue management and athletic performance.

These perspectives are reinforced throughhlighting salient points and papers within the

currentacademiditerature.

Whilst this thesis explores generically the concept of fatigue managemetitisichapterl
shalFANRGE 82X ALISOATAOFIfEfE F20dza 2afrudimnary Wat SSI
description of sleep | will endeavour to include an explanation of what we mean by sleep

guality and the physiological processes and purpose of sleep through presenttithe

scientific description of sleep, its regulation and architectureecafdly, more detail on

movement behaviourwhat it is and how it is of relevance the remainder othe thesiswill

be provided

3.2What is sleep?
Whilst much is knowmabout the mysteries of the human body and its biological functioning,
the exact mechanisms for sleep, its true function and the reason we as a species need it and

with such regularity, remain tkmown. Sleephas been studied since the early™26entury
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(Péron, 1913) and ontemporaryinterest in sleep researcis performed ina multitude of
academic domains, for examplehysiologypsychologyneuropsychologycardiorespiratory
medicine and chronobiology (biological rhythm&ie et al, 2013, Nunnet a., 2016).
Generally, sleep research in these areas focuses on poor sleep quality and problems
associated with sleep deprivatipre.g. through hypoxia induced sleep apnoea or more
significant clinical insomnialn general terms, sleep deprivation induces sleepiness and
reduces daytime alertness and performance (Legieal., 2008). Specifically, how athletic
sleep is deprived and its effects on athletic performance or vice versa needs addressing in
more detailin the contemporarySoorts Sience literature and | shall endeavour to explain
later inChapterd what has been reported to date. For the purposes of clarity, punitipally

focus on the studies that have been conducted up until 2017.

In terms of step and its general purposeumerous theories exist mainly related to physical
and psychological recovery and restoration. For exanspleetheories purportthat it helps
with energy conservation (Schwartz and Roth 2008), memory consolidation, cegedndh

and metabolic clearance (X& al. (2013) immune system maintenance, muscle restoration
(Takahashet al. 1968, Besedovskst al., 2012) and a discharge of emotions (Samules, 2008,
Myllymakiet al. 2011, Venter, 2012)Although, whilstgenericallysleep is understood to be
restorative, what precisely is being restorsduncertain (Schwartz & Roth, 2008)hilst links

KIS 06SSy YIRS (2 &a4tSSLI FyR (KS 062Re&Qa K2YS

5The history of sleep research started in 1913 when Henri Pieron, a French Scientist, wrote a book called "Le
probleme physiologique du sameil.” This book was the first where sleep was analyzed from a physiological
perspective. Since its publication, this work book is treated as the beginning of the era of the modern sleep
research.
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(Borbelyet al.,, 1982), the very reason for sleep remains uncléatermining the function of

sleep igherefore one of the biggest unsolved scientific quessqFrank & Benington, 2005).

In a wider media contexsleep tends to be reported as a mystery life ocenge to which we

know little about its purpose and meanin@ontemporary research into sleep often surfaces

in the media, making sleep a societal issue which never seems to fade from interest whether

it is in relation to the basic mystery of sleep, slekgprivation or its potential links to mental

health iliness. Sleep is often presented in the media with negative connotaiienshe
fAYAGEFGARZ2Yya 2F KIFE@GAy3 WLR2N aft SSLIQ 2N 4KS LI
at SSLIQo [ Tr6mcalt SNNB Lg2 NONERS N rolwli Ay G 2RI @ Qa &20
(e.g. 100+ hour work weeks) and frequent crossing of multiple time zones ikiritleof

corporate behaviar that is the antithesis of high performanceBravado reported in the

media from imividuals claiming to need little sleep.g. Margaret Thatcher famously had
impressiveindefatigability exacerbates the myth that the less sleep you need the more
efficient an individual you are. Unfortunately, this is not the biological case anldgteshe

media can be guilty of sensationalising stories for journalistic gain.

What we do know is that sleep is governed by biological processes and it is a primal need
without which we would perish. Described as a reoccurring habitual event of aiserv
throughout a 24hour period, sleep is a homeostatically controlled behavioural state of
reduced movement and sensory responsiven@adlagar, 2015).The individualised nature

2F aftSSLI YR GKS RAALI NRGE& 0Si otbeSgluebigleeh Yy RA JA

can be underestimated, yet it is a diurnal function which we all require.
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Further evidence of this came from my own professional experience with an elite rower who
RSOt dzSR aft SSLI YR WR2gYGAYSQ Xklying &lub@deiasN) 2 F S
late into the evenings. This had a concomiteffect on their ability to consistently deliver

guality training sessionsvith the BritishRowingsquad,and theirperformancesdecreased.

Through actigraphy analysis (described @mapter 5) we were able to display the
RAAONBLI yOASa Ay (KS NRgSNINA Tl hangedabtheirl y I 3 S
club coaching schedulewe ensured their sleep and downtime were protected

Consequentlytheir performances in training improved.

A notable researcher in sleep, Borbelyal., (2016), stated, sleep muds(bserve long term
maintenance of cerebral integri€y (& is the plasticity of the brain which causes the demand
for sleep in thathe synaptic and cellular processes thatvedeen challenged during waking
are reestablished during sleepSleeptherefore isa period of restorative responsiveness of
which the dynamic processes governing it intrinsically intefddrgan 2016) In essence,
the exact reason for sleep is thaistconsidered critical to human physiological and cognitive
function (Fullagaret al, 2015) and it is more likely that it has multipurpose role for
restorative neurometabolicand cognitive benefitthan a single biological purpogerank &

Benington 2006)

The simple truth is that sleep is an individual process and whilst we remain mystified in
modern medicine and science as to its exact function and reason, we know that we need fit,
everyone does it and without it we would die.idttherefore arrogant to assume that we can

defy evolution and thrive on shorter, disturbed rest (Wallop, 2014).
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3.3 Sleep regulation

DA@SyYy &af SSLIQ&a &aA3IyATAO,iOiSpoitadt toduddarstand how iy’ 3 o | &
is regulated.One should consider that sleep is a process involving several biological factors;
homeostatic drive, neurophysiological control and an element of automaticity. How these
elements all interact influencethe regulation of sleep. All three components shall be

outlined as follows.

. 2 ND St & Q apan modhe) of sleeqliisi@dely regarded as the most influential theory as
to the regulation of the evolutionary conserved behavioral state of sleep (Ganhdhj 2015).
Simply it states the regulatory homeostatic drive for sleégeepwake Process 3nd the
02R&Qa OA NX(Preckss CrreNiKté&rdepeNtent on each other The model
hypothesised how sleep regulation is achieved throudmomeostatic procesgProcess S)
respondingto internal cues for sleep need and a circadian pro¢Bsscess Ghat responds

to external cues.That is, the model involves an arousal system which promotes wakefulness
and when its processes are inhibitedptomotes sleep, this is summarised later this

chapter.

3.3.1 Homeostasis and sleep

Fullagar (2015) stated sleep is a homeostatically controlled behavioural state of reduced
movement and sensory responsiveneskhat isthe longer we are in a state of wakefulness

0KS RNAGS (G2 YFIAYyUulAy GKS 02ReéQa K2YS2adl GAC
LINBaada2NB (2 Flrff |aftSSLI AYONBIasSao hiKSNBAa
linearly the longer ware awake and then decreases during sleep. Therefoneelogtasis

allows the body to return to equilibrium when it has been disturbed (Schwartz & Roth, 2008).

57



Note, disturbances can be identified as any form of stresses on the body but in the high
performancesportdomain (and for this thesis) | will relate to any stress on the body as being
the physiological, psychological or environmental stressors of athletic training and

competition.

3.3.2 Circadian rhythm and sleep

The human race operates on a-Bdur cycle known as the circadian rhythm.rdsponds to

external cues, e.gcycles of light and dark over a-Béur periodand isin addition to the
FF2NBYSYGA2ySR o02ReéQa AYUGSNYyrft RNRGS (2 YIA
biology have a ciadian rhythm but Besedovslet al. (2012) reported the sleepvake cycle

4 0SAy3a GKS Y2ad WQLINBYAYSY(d YIyAFedGlrGA2y
2012, pp.124). SimilariBorbelyetal.0 H n mc 0 = biN&foiginglubscendedand fasli

sleep ensures optimal physi@izal and behavioural conditions for restorative peripheral
metabolic processes to occur. In this respect sleep is an adjunct of thew4cycle of

Y S { | 0 2(Bokbalyét@lQ2016, pp. 136)

The process aiding the circadian rhythm associated with light and dark is governed through
the hypothalamic pacemaker known as the suprachiasmic nucleus (SCN). This biological
component ensures synchronicity of any cellular oscillating rhythm. Essghghtiand dark

cues are signaled through the retina which houses specialised photosensitive cells that send
signals via the retinohypothalamic tract to the SCN. The circadian rhythm uses external cues
from the optical photosensitive light receptors imet eye which filter light through to the SCN

Ay GKS KeLRGKFfIlYdza YR 62N)] Ay O2yadzyOiArzy
detail further inthis chaptej to ensure sleep and wakefulness occur in response to such light
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and dark cues. This s#ma cascade system into play which signals the endocrine system to

relay several different hormones into action and signal pendingpsieeesponse to dark.

3.3.3 Arousal systems

TKS SaaSyoS 2F (KS I T2 NBydtyhadelditeis, firsyNieSt & Q&
W aO0SYRAY 3 | NP dza lskcondlye #siirfera®tiondwith thel sledp yinRucing
ventrolateral preoptic nucleus (VLPO); the former governing wakefulnies latter
responding to sleep cues. The AAS hasiltacorticalneural circuitry which is discretget
interdependent on the circuitry for wakefulness ands therefore critical to
consciousness.The AAS include numerous neurons e.g. cholinergic, noraénergic,
serotoninergic, dopaminergic, and histaminergibhich arelocated in theupper brain stem

near the junction of the pons and the midbraiRrojections from these various cell groups

fire in a characteristic pattern to promote arousdlhe AASnheurons project and connect the
brainstem to the thalamus, hypothalamus, basal forebrain and cortex, activating cortically
based awareness networks$ promotes wakefulness through these various projecti@ach

with distinct neuro components which charabtd 3 G A OF f t & WFANBQ GKSYy
circadian drive dictate wakefulness (Schwartz and Roth, 2008). The AAS is inhibited by sleep
promoting neurons every 24 hours from the VLR@ich issmall cluster oheuronssituated

in the anteriorhypothalamus Facilitatorsof the VLPO arseveralbut, predominantly,it is

activated bythe sleep inducingheurotransmittersserotoninand adenosine Converselytie

VLPO is inhibited during wakefulness by the aroiusiicing neurotransmitters
noradrenalineandacetylcholine It is the interaction between the VLPO and the AAS pathway
GKAOK I Ql-aff @A SA & 9K WRHNI af SSLIZ GKdza Syl of Ay 3
state. The abrupt nature of the transition between sleep and wakefulness is linked to the
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reciprocal inhibitory exchange between the AAS and sleep inducing VLPO. This exchange acts
asa feedback loop and is describéul electrical circuitry terminology & | o0 A& & R QS W
circuit in which the two halves strongly inhibit one anotheré S® | NB SAGKSNI w2y
OKIFy3aSa IINB AYFNBIdsSSYyild | yYRFNRLNDR®GAGLOK AGK A&
stability between sleep and wakefulness while promoting rapid transitioning between the

two behavioral states (Schwartz & Rp#®D08). In essence sleep regulation involves the rapid

Ny

WFFTA21IQ | OGA2Yy 2F (GKS GNlIyardagAaAzy o0SiGeSSy af
VLPO which promotes sleep through its inhibition of the AA&.simplyjnformation passes
continuousy betweenthesleegs I | STRSLISYRSY G ' yR OAwkihlai@ A | y LI
subject to more complex interactions (beyond the scopéhaf chaptej andaccount forthe

essential aspects of sleep regulati@®orberlyet al., 2016). In essenceour basichuman

tendency to sleep is determined by the time passed since the previous sleep episode

(homeostatic drive) and time of day (circadian drive) (Téual., 2015).

Corresponding with this interconnecting system of neural circuitry and homeostatic and
circadian rhythm is an endocrine element. Located in the pineal gland, the hormone
melatonin is a principlenoleculein this sleep signaling process. Melatonin essentially inhibits
the circadian drive for wakefulness. It is released in the evening via stimulation from the SCN

and interacts with the previously described sleep regulatory systems to ensure sleep ensues.

In summary, sleep involves the bodies need to maintain a finite equilibrium, its responses to
biological rhythms and a distinct and overriding electrophysiological structure. With its
unique circuitrydeep in the brain, the neurophysiology of sleephe driving force behind

the regulationof sleep and wakefulness.
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3.3.4 Automaticity

It is from such physiological processes as homeostasis, circadian drive and neurophysiological
circuitry that we can state sleep is dominated by a physiological impéfis it has a strong
psychological component, known as automaticity, making the case that sleepsigchoe

physiologicaprocess

Automaticity reinforces the notion that those who are good sleegErsiotnecessarily know

how they do it or whyensuring good sleefs notan issue for them.Sleep for these people

is, in its normalcy an autamatic process, occurring involuntarily in a wadljusted sleep

schedule. For these people, sleep requineseffort and occurs passively with persistent
regularity (Broomfieldet al., 2006). Where this gets interrupted or navigated away from its

natural automated mode, a psychophysiological insomnia (PI) condition can be said to ensue
(Broomfieldet al> HAnncoO @ | SNBX aft SSL) 0SQBIXSéep i gaKS W
important to those suffering psychophysiological insomnia, it becomes less achievable as the
person places excessive focus on and experiences heightened anxiety about sleep

(Broomfieldet al., 2006).

3.3.5Sleep quality

Sleep qualityduration)OF'y 6 S OKLF NI Ol S NIsdbjediive kx@eridngé amdly RA @ A
perceived adequacy of sleept typically focuses on problems initiating or maintaining sleep

or early morning awakening (Guptaal,, 2016). | will elaborate aits assessment further on

in the thesis but in short, it can be assessed through instrumentation or subjective means.
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Poor sleep quality or insufficient sleep, regularly achieving less than 7 houssgonsidered

a public health concern and litas been identified with associated risk factors for several
critical health issue®.g. obesity, type 2 diabetes and cardiovascular diseasestal health
disorders, immune system dysfunction, a reduction in learning, impaired performance in
cognitive ests, prolonged reaction time, dementia and an ultimately overall increased risk of
death Schwartz & Roth, 2008esedovsket al., 2012, Xiet al.2013, the American academy

of Seep Medicine andJeep ResearchSociety, 2015, Nunn, 2016)Typically, 68 hours of
sleep per night is recommended to reduce such morbidity and mortality risks (Cheretaoui
al., 2015), however, it is widely recognised that sleep duration is a highly individualised

requirement which isnfluenced by genetic, behavioural, medi@and environmental factors.

aAYAYlf &ftSSL) RSLINAGFGAZ2Y NBadzZ 6a Ay at SSLJ
but is not as devastating as clinical sleep deprivati®ralonged sleep deprivation is typically
0§SNYSR WAy a2 YsyaiperSstent diffic8IF inyfaBimy or staying asleep despite
adequate opportunity to do so, acute insomnia has been reported to affect approximately 35

A

2T GUKS !''YQa 3ISYSNIf LI Llehdiines2y FyR OFy 685

Ly azyYyAl QaintheXdd@Xtdf elite &Rletes is that it is generally associated with a
state of hyperarousal which involves alterations of the autonomic nervous system,

specifically activating the sympathetic drive and inhibiting sleep (Naiah, 2016). Whether

~

R

I LISNER2Y A& LINBRAALIZASR (G2 adzZFFSNAY3I Ayazyy

identified through theFord Insomnia Response to Stress Test (fFIRBdkeet al, 2008)
which isdescribed in detail i€hapters. This is useful to athletic populations as the stressful

event can be described as any aspect relating to training i.e. load, volume, intensity,

62



competition, selection etc. and this may in turn be the precursor to an athlete suffering acute
insomnia. Ideed,Guptaet al.(2016) observed in their review that high performance athletes
experience high levels of sleep disturbance, and that such disturbances are characterised by
the symptoms of longer sleep latencies, greater sleep fragmentationrestorative sleep,

and excessive daytime fatiguRisk factors to this would seem to be competition, travel and
training. More detail as to how these factors affect sleep and athletic performance are
provided inChapter4. Guptaet al. (2016) also noted studiesf athletic sleep consistently
AaK26SR WAYaz2YyAl 3INI RSQ ayetSt&ddhatdnliitheeStédiesINR 6 f S
reported the prevalence rate for clinical insomnia in athletes (4%), which is within the typical
prevalence range of the generadpulation (36 % 1534 year olds in southern Europe). Gupta

et al. (2016) also suggested the present literature offers no evidence that participation in
elite sportimproves sleep quality or mitigates insomnia symptomology and that this is similar
to findings in other industries such as professional ballet, university students, artists or the
military (Guptaet al, 2016). Therefore, there is no definitive judgement on whether elite
athletes experience disproportionally higher overall levels of insosyrigtoms for their age

and additional controlled comparisons are needed in Sorts Sience sleep literature

(Guptaet al.2016).

Whilst a detailed description of insomnia is beyond the scope of this thessmportant to

note that it is sleep deprivation and its association with athletic performance that is the
underlyingmotivationfor2 6 a SNAY 3 | 0 Kf SGS4aQ aft SSLI® ¢ KSNE-
of insomnia in the athletigpopulation that we are measuring when conducting sleep
assessments in elite athletedongsidethe potential to improve individual performance by

maximising sleep quantity and qualityt is therelationship between athletic performance
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and sleep deprivation caused by anmag of factors which is of interest Bports Scienceand

sleep academia. This shall be discussed furth€hipter4.

3.4 Architecture ofSleep

¢KS | NRdzalf I|yR afSSL) a2aiasSvya FyR GKSANI Ay
OANDIFRAIFIY NXKeUKY FYyR K2YS2aGlGdA0 adlras KSt LI
at SSLIQo | 26 SOGSNE Ay RSAaONRAROAY I gingslegpf SSLI A

that is thearchitectureof sleep.

In contemporary sleep researctiere arefour stages of sleegach with its own description

and recognisable electrical brain wave patterege¢troencephalogram (EEQ)jable 3.1)

The scoring criteria foclassification of sleep stages has changed and a previoufofive
system (Rechtschaffen & Kales 1968) was replaced in 2004 by the America Academy of Sleep

Medicinewith a four-stage classification system (Mogadral., 2008, Guptat al., 2016).

Typically, a sleep cycle lasts 90 minutes and encompasses all four stages of sleep. The first
three stages involve nerapid eye movement (NREM) stages and make up the largest part of

the sleep cycléNREM 1, NREM 2 and NREMA) illustrated inrable 31, EEG traces during

these stages involve rapid changes in architecture; Stage 2 displaying characinistz®)

gl @Sa yR {G13S o RAaALIIFTE@AYy3a OKIFNF¥OGSNRAGAO
ensues. The final stage (4)nvolves rapideye movement (REM) and has more frequent
happenings later in the sleep period (Takahashal, 1968). This is a deep stage of sleep

also referred to as slow wave sle€pWS)(illustrated in Table 3.1)yith intense activity in

certain parts of the brim. Longer periods oflow wave sleeccur in the first part of the
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night, primarily in the first two sleep cycle# is during REM slow wave sleep that memory

consolidation and cognitive recovery aspects are thought to occur ibla 2012).

Most healthy adults will have-8 sleep cycles per nightThis equates tthe recommended

6-8 hours of sleep per nighthich is the suggested amount teduce morbidity and mortality
risks Howeverthe individual nature of this is becoming negoronounced (Chennaost al.,
2014) with reports of poor sleep quotas reaching epidemic proportions and a call for

Governments to lead on poor sleep as a major health risk (Johnston, 2017).
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Table 3.1The four stages ofleepand associated EEG tma¢adapted from
http://evolutionarypsychiatry.blogspot.com/2011/01/sleeparchitecture.html)

Stage Description EEG Trace Example
Stage 1 | Transition to sleep

(NREM1) | Nonrapid eye movement sleep (NREM WW

Slow rolling eye movements Beio(ﬂ) MW VMN\W/\\NWM WW\
Partial relaxation of voluntary muscles 13:30 Hz
Relatively brief sleep stagéasgting up to
seven minutes).
Stage 2 | Nonrapid eye movement sleep (NREM

(NREM2) | Shows characteristic patterns on the E
including'® complexeQ(red box), a high

YL AGdzRS 6+ @S ol

spindles)blue box), closely spaced hig Alpho((l) WMNMM{\M\}W\WW\N
frequency waves (not as tall and ocg

quickly over a short period of time)

Need to be ientified by trained /\/WQMIW”““ “\MMWW\WM/L
individuals to identify sleep stages
¢KS adlr3sS e2dz2QR A
Wy I LIQ

Stage 3 | Nonrapid eye movement sleep (NREM
(NREMB3)| The start of deep sleep

Shows high amplitude activity (tall an

wide EEG waves) known as Dettaves | Thela(f) /”
Reported as the deepest of the thrg 4.4}
NREM stages of sleep

No eye movement or muscle activity.
Difficult to wake up in this stage of slee
The brain produces even more del
waves and you move into an even deep
more restorative stage of sleagext.
Stage 4 | Rapid eye movement sleep (REM)
(REM) Presence of rapid eye movement (RE|
(the movement of your eyes in differen
directions while you are asleep)
Is the smallest portion of the sleep cyq
and occurs several times during sleq
The average adult has®REM cycles pg De"“(a)
night. 054 Kz
A deep stage of sleep with intense activ
in certain parts of the brain. This is tf
phase whermost dreaming occurs, hea
rate and blood pressure increase, a | | I l 1
breathing becomes fast, irregular, ar 0 | 2 3 4

shallow. Time (Secs.)
Slow wave sleep patterns present

The architecture of sleepsedto quantify, assess and illustrate sleep stages can be assessed

through polysomnographyPSG).The sleep studies involved in this thedtsnotinvolve PSG
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analysis, and specific methodologies employed with the vaBpst€) LINRP 2S O0da | NB |
in Chapter 5, however it is provided here as an explanation of the gold standard laboratory

analysis of the architecture of slegmd quality.

PSG is used primarily for assessing clinical sleep disorders, although it can be expensive and
limited in its ablity to measure large numbers due to being labour intensive and requiring
specific skills in electrode placement and analysis of outputs. Specifically, it can record body
functions such as brain activity (electroencephalogram), eye movements (electroamipg

muscle activity (electromyogram), and cardiac activity (electrocardiogram) (Halson 2014).
Information on sleep that can be obtained from PSG analysis includes, but is not limited to,

total sleep time (TST), sle@mset latency (SL), wake after sleepset (WASO), sleep

efficiency (SE), sleep fragmentation index (FI), number of awakenings, time in each sleep
stage, and sleep stage percentages (Hal@®14). To graphically represent the stages of

sleep as a function of timé F2 N 2F B (W2 ONX¥ YSRA & @KSR O6CA3Io
simplified version of a PSG output and wideveloped as an easy way to illustrate the
recordings of the brain wave activity during sledpght sleep is depicted in stages3 lvith

more frequent light sleep epised as the night progresses. This is when the circadian rhythm

drive to sleep is decreased (sleep pressure falls), in the sense that physiological drivers for
sleep diminishe.g. melatonin levels fall. Deep sleep and REM sleep are also present
throughoui G KS yA3IKG o6dzi Y2NB RSSLI) at SSLJ Aa asSSy

when the homeostatic drive for sleep is more urgent.
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Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Awake :
—— REM sleep - ‘ —I

Non-REM stage 1 -

Non-REM stage 2 A

Non-REM stage 3 -
(formerty stage 3 & 4)

11pm 1 2;)m 1;m 2;m 3a;n 4a'm Sa‘m 6a'm 7a;n
Figure 3.1A normal hypnogram from a healthy adulth¢tp://www.howsleepworks.com))
A simplified version of a PSG output, thiae line representshe different stages of sleep,
exemplifying how sleep changes through the night. The red line represent{ RES)
sleep.
3.5 Movement behaviour
Having described sleep; what it is, the proposed function of it, and its architecture, | shall turn
G2 F20dza 2y WY20SYSyld O0SKIF@A2dzND |a (GKA&A KI 2

fatigue management concept and in thealysis of the athletic populations | have observed.

/| 2YLX SYSYUGl NE (02 0GKSAN) aft SSLIZ O2yaARSNIGAZ2Y
WR26YUAYSQ 0S06SSYy GUNIAYAYy3d aSaairzya |yR {K!
training blockseason, or Olympic cycle. This can be quantified through movement behaviour
measurement and analysiwhich essentially describ&ghat you are doing when you are not

sleeping. Therefore, either on their own gives only part of the picture, bsteep and

movement behaviourcombined provide a complete picture of at (i K f $atigBeQ &
management over an entire day. Gainimgformationon both factors over a training phase,

i.e. amicrocycle, mesocycle or macrocyotan be very impactful to ah ( K f ®do&r a

education.
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Whilst specific analysis of the frequency, intensity and duration of exercise has been reported

in paediatric literature through activity counts (Trost, 2007), the capture and analysis of the
RF2GAYS | OUAQGAGE @2 dz¥nSelite dtldletds YnASNStYhEeyi videly S K | O A
reported. However, vihat has been reported is training load. Yet this rema&xdusive to

OGN AYyAy3a aSaarzya yR Aa | fAYA(GG&Asoleyad,t eara
2014, Drew & Finclt2016)

wSOSyidte GKSNBE KlIa 0SSy a2vysS F4a4aSyLii G2 OF G¢
analysis of energy expenditure (Weiletr al., 2015, Sperlictet al., 2017). However, there

were limitations to these studies in relation to the methodological assest of sedentary
behaviour y R | 6 Kf SGiS WSt AGSYySaaQo C2NJ SEI YL S5 (
to measure physical activity (Weilet al., 2015) against gold standard measufes. doubly

labelled water Aadahl & Jorgensen, 200&hd alack of pesentation as to what constitutes

different levelof athletic training in terms of traditional measures of energy expenditure (e.g.

Metabolic Equivalent of TasMETS)).

Despite extensive searching and discussions with colleagues, bothhipdrigrmance sport

and wider academic domains, regarding the quantification of movement behaviour,
(exhibited through Actigraphy as daytime resttivity profiles2 NJ WI O i A) @dsiudies O 2 dzy U 2
have usedsuchdatawith an elite athlete population. Therefore, it appears that information

is currently limited on the quantification of the movement behaviour, (exhibited through
Actigraphy as daytime restctivity profiles), of high performance athletes. Further, some

adzi K2NAE KI @S yS3ftSOGSR LINPYARAYI ALISOATFTAO RS:
fIrOTSR OfFNRGE Ay RSUSNNAYAY3I aSRSyidl NBE o0SKI
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overall training load completed. One study claiming athletes aégehealth risk because of
alarming sedentary behaviours but failing to recognise this behaviour was in relation to a full

training programme for professional athletes (Sperkttal., 2017).

It is important to note the ainof the data capture procestor restactivity profiles isot to
assess thentensityof activity or rest but the objective assessment of thedancebetween

rest and recovery during waking howser a 24hour period That isthe percentage of the
amount of time an athlete spendbeing mobile or immobile during waking hourslo
illustrate this,Figure 3.2 provides an example of al#ur Actogram and restctivity profile
(activity volume)over a oneweek period in an elite athlete. Peaks amdughs can be
identified for actiw and less active periods. Blocks of nocturnal sleep are identified with the
shaded blue areasThis is determined from wearing an actiwatch and a detailed methodology

for using such equipment is provided@napters.

t T T T T i
12:00 2000 00:00 D&:00 12:00

Activity Nocturnal SleepPhase ACt'V'ﬁ I Il
I TP | S ATET—- f ' W

Figure3.2 Anactogram of an elite athlete

The blue area indicates nocturnal sleep and the black areas indicate activity volume. The
Actogram is set for &4-hr period midday to midday. Activity volume scaleas set at 3000

for all athletes analysedarbitrary unit).
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Given the same fieldased tools(i.e. an Actiwatch)used to measure nocturnal sleep
characteristics and quality can also provide information on movement behaviour through
direct assessment of acttyivolume and pattern assessmefitpth minimises the cost and
participant burden(Lambiaseet al., 2014). This also allowed me to gather large amounts of

data in this area for numerousports

3.6 Summary

| havepresenteda technical description of sk to demonstratewhat sleep proposes to be

and how in its normalcy it is achieved through psptlysiological process. | have described

the architecture of sleep anthtroducedits gold standard measurement tool (P&@&fer to

Chapter5 for methodology)and why as a secondary analysis to sleep, movement behaviour

Oy LRISyuaAartte FTRR @FftdzS G2 | LiRladityxol A 2y SN
manage fatigue. The followingChapterwill firstly examinehow Sports Sienceliterature

describes sleep and athletic performanaad secondly discuswhich scientific discipline

W2 ¢ yha Study ofsleepin a high performance contexgnd finally assess why we as
practitioners should consider fatigue manageméiite monitoring of #ep and movement

behaviour)in our practices supporting elite athletes.
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Chapter4. SportsScienceliterature and Seep
4.1 The sleep and athletic performance relationship
Historically whilst high performancesport practitioners, coaches, athletes and academic
research groups recognise sleep as a critical biological function, rarely has there been a focus
on capturing data to inform athletes about their sleep (and associated movement behaviour).
Consequently, the igh-performance athlet@ ability to manage sleep has seldom been
examined/studied. This seems alarming givesteep and athleticperformance have a
reciprocal relationship;sleep affecting performance and performance affecting sleep
(illustrated in Figure 4.1)(Chennaoui, 2015) Yet whilst there seems to be a reciprocal
relationship between sleep and athletic performance and the timing of sleep in relation to
athletic performance may have a positive or negative aft@cstulouche, 2005; Lastelle,
al., 2010, there remains the dilemma that no studies to date have investigated the effect in
either direction from a truly mechanistic standpairtlior has it beerfully investigated in the
high-performancesportarena Morgan, 2016. As sucHimited data existsvhichis partly due
to the vast array of physiological differen¢asaining and competition stressors (Fullager,

2015).

Consequentlythe robustness of, and possible mechanismediating the effects of sleep
remain unknown andhe relationshipbetween sleep and athletic performanagemains
equivocal Further research and attentioare required to obtain a greater knowledge of the
interaction betweerthese two variablegFullagay 2015). | shall elaborate on this interaction

in this chapterwhen | focus on some of theports sciencditerature and sleep.
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Sleep affecty Athletic
athletic performance
performance|| affects sleep

e.g.in e.g. training
competition
\- A 1 J

Figure 4.1 Schematic of the reciprocal relationship between sleep and athletic
performance
As stated inChapterl, the principle aim of this thesis was to provide information as to how
and why fatigue management, through assessment of sleep and assbaadeement
behaviour, was introduced and evolved as a concept to the UK-gagbrmance sport
industry. Part of this process involved firstly identifying why I, as a physiology practitioner,
felt compelled to lead the way in the initial data capture, ree@ment and assessment of
fatigue management. Given the pilot work | was conducting within my work programme,
outlined subsequently i€hapter6, and the technical process of sleep, outline€hapter3,
| felt instinctively that as a physiologist, losid drive the process of fatigue management in
the sports | was working with and take the lead in disseminating knowledge and information
to the wider UK high performance sport industry. My process for the dissemination and

knowledge transfer is descridespecifically irChapter6.

This chaptewmill provide discussion on the translation of sleep theory to applied practice in
the highLISNF 2 NXY I yOS &L NI +FNBYyl |yR K2 W246yan
explanation as to why capturing, assessang characterising sleep and movement behaviour

for the enhancement of athletic performance is critical in contemporary sport science, and
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how its assessment and description will impact on science and medical service provision to
elite athletes and theiroaches. This comes with the caveat that sleep and movement
behaviour interventions are a multidisciplinary process once data has been collected and
possible solutions identified. For example, as the physiologist | may project manage a process
to improwve sleep quality, but the detailed intervention may be delivered by a practitioner in
another discipline e.g. sport psychology. This process is highligh@giajoter6 through the

example of the EIS decision tree for sleep assessment in athletes.

Second}, evolving the concept of fatigue management involved highlighting Seeyts
Stience research in relation to sleep and athletic performance. This will be elaborated on
further on inthis chapterwhere a general overview of some of tigorts Sience slep
literature will be provided. | will focus on a broad background of sleep and athletic
performance including an outline of the contempora8ports Sience sleep research,
followed by the salient work that is required for an applied physiology practititmeeliver

their role. Sufficient evidence will be provided for a balanced perspective of the current
technical findings in the sleep and athletic performance literaturar. tie purpose of clarity,

| will focus on the studies that have been conducted up until 2017.

l'd | O2dzy G SNILRAY UGS FNBdzySyda F3IrAyad FylFfea
GKI GKQE GoKe akKz2dzZ R ¢S | 4asSayneedit, ©&Svhéicksthe y R WQ
value in investigatingndividual®? &t SSLIQQK ljdzSadAz2yad DAGBSYy
argue the need to investigate it is flawed given the (not so) obvious requirement for it. In the
sporting arena these are questions cbas and support staffiould frequently challenge me

on and requiredcarefully considered responses thabt only recognise their experiencsin
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the elite sport domainbut also harnessd their drive to seek the next innovation that could

provide a margial gain.

Increasinglyit wasbecoming apparent that to achieve marginal victories over opponents

culture of absolute preparation needs to be established. Thereforeyas no longer
FOOSLIiFotS G2 6S WoNI @I R2Q duite2odainctide dasmallyA G Gt S
when the individuality of sleep can be objectively assessed and scrutinised for potential
performance enhancement.This chapterwill therefore outline areas where sleep (and

associated movement behaviour) can potentially impactraining and performance.

4.2 Sport<ienceliterature and sleep

Current anecdotal and some empirical evidence suggasep, and associated movement
behaviour, deserve thorough analysis in the elite athletic population. Not&aymuels
(2008) reportedthe relationship of sleep to postxercise recovery (PER) and athletic
performance is a topic of great interest becaudethe growing body of scientific evidence
confirming a link between critical sleep factors, cognitive processes, and metabolic function.
However,it can bearguedjournal articles focusing osleep andelite athletic populations
remain sparse.lndeed,to date, litle emphasis has been placed on the area of athlete sleep
(and associated movement behaviour) and performance, both in the academic sphere and in
an applied context. This could primarily thee to the complexity of sleefunction, athlete

avalability and the individuality of slee@?pstolache2005 andrullagaret al., 2015).

Whilst in the general population it is postulated there is a relationship between exercise and

sleep physiology via its impact on temperature, cardiac and autonomic function and the
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endocrine and immune systems and vice versa, what are not yet emphakicallyn are the
mechanisms behind such interactions, both positive or nega@re(naouet al,, 2014). In

addition, within the Sports Sciencditerature, minimal reports exist for normative data

regarding elite athletes sleep quality and characteris{losederet al., 2012, Guptaet al.
HAaMcUYE @GAGK 3TFdzZARFYyOS LINPJARSR o6& LINIOGAGAZY
strategies often being based on data from studies on the general populati@re the

perception that 68 hours is the required amounf sleep(Chennaouet al., 2014, Hirshkowitz

et al, 2015). However, this disregards any individual responses to slgepder, agepr
specificsporh Y3 LINBANI YYS RSYFIYR& YR NBfASa 2y LN

the science igelling us.

However, d¢der studies have tended to focus more on sleep architecture (i.e. its
electrophysiological make up) through the use of polysomnography (PSG) (r€feapbers

for methodological detail), with recent studies becoming more ecchbyi valid by measuring
and assessing sleep through subjective (e.g. Pittsburgh Sleep Quality Index, Buydse,
1988) and objective field measuress described itChapters. For example, we know that
anecdotal and limited empirical evidence indicatthat athletes, as a group, experience
degraded sleep quality relative to ageatched norathlete controls (Leedest al.,, 2012), and
that this sleep disruption is amplified during and immediately after competitions (Erl@&ther

al., 2011).

Therefore, itcan be said thathe area isdeveloping andhe effect(s) of nocturnal sleep
characteristics and quality on athletic performance, or vice vdraaadvancedinterest in

the popular and academic literature over recemars.In fact sleep andsportresearch was
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started to develogn the mid-nineties(as outlined irChaper 1) (Morgan, 2016)

Undeniably, most research focusing on nocturnal sleep and athletic performance is
concentrated in the 2% century (Silva Aet al,, 2012, Leedeet al., 2012, Sargerst al., 2014,

Sargentet al, 2014b& Fullageret al, 2015). In this contemporary literature, what is often

reported is that in elite athletes, sleep and recovery between training bouts are paramount

for optimising delivery of performance in training and competitgiven that being sleep poor

can havesighUOI y (i Subjdc®/&meaasurds/e.qiotivation, perception of effort and

cognition as well as numerous other biological funcits (Halson, 2008).Furthermore,

nocturnal sleep and associated daytime recovery have often been reported as being
important restorative process for high performance athletes to use in order to optimally
recover and adapt for high volume training programmes. However, one should be cautious

when the effects of sleep on athletic performance are typically labelled as impamting
WNBEO2OSNEBQY gAUK NBaASFNOK 2dzildzia OfFAYAy3d
recovery or restoration foisporting performance (Tuomilehtet al, 2016). Remember,
gKAf &l az2YS NBASFNOK KIFa ARSY ustraegsMylynbks SLI I &
et al, 2011; Samules, 2008), the exact mechanisms behind sleep, its restorative benefits and
specifically if it is a physical or psychological benefit to overall athletic recovery, iEessn

clear. Yet sleep and recovery remaiglabal term.

Further, we need to be cautious over studies involving athletes and sleep as many studies

K 98 Ay@2t SR I GKfSGSa WAY &AdGdQ FyR 6KAf &d
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studies can be criticised for being small in sampke @and uncontrolled in terms of a

comparative group and external variables e.g. diet and training load.

Most contemporary studies have focused on duration of sleep or objective measurements of
sleepwake patterns (e.g. total sleep time, sleep efficignand onset latency) through
Actigraphy and selfeported measures (described @hapter5) (Halson, 2014, Guptt al,

2016). There has been less of a focus on sleep quality (the subjective experience and
perceived adequacy of sleep) and the demands of athletic performance (6upta2016).
Although, through the PhD I instigatédiescribed irChapter6), we discoered that poor sleep
quality and insomnia symptoms were high in elite athletes. Common mechanisms for this
appeared to be presleep arousal and sleep restriction. However, it must be noted that there
were high levels of athlete variation and these fimgs could be related to any population
under anxiety and stress (e.g. students during exam phase), not just athletic training or
competition (Gupta, et al., 2016). We also discovered subjective estimates of sleep duration
among athletes were generally imgsistent with objective measures (Gumgal., 2016). This

is in line with Leedeet al. (2012) who reported subjectively, elite athletes display overall
poorer signs of sleep quality when comparing athletes to an age anthawhed control
group. Ouffindings from the sleep Ph{described irChapter6) produced a comprehensive

and systematic review of degraded sleep quality in elite athletes (Catpdh, 2016). Here,

we provided reference tables of contemporagyorts Science literature and sleeglating to;
characteristics of subjective sleep quality in athletes, subjective sleep assessment using the
PSQI, prevalence of insomnia symptomology in competition and changes in athletic sleep
patterns relating to travel and training.Our review has beemne avenue whereour

pioneering work throughthe sleep PhD has irformed current practices by ensuring
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practitioners areaware to consider both objective and subjective means of data collection

when measuringhe sleep quality and quantity of their elitetdetes.

Of the contemporaryorts Sienceand sleep studies that have been published, rarely has
the @t AGSYySaaQ 27F [ ThisfisSid BnportadtS&inf aszelitd aihtRstmay
respond differently to physiological gosychological assessment than sub or +sdite
populations. For example, whatreportedas a significant improvemeit asub ornon-elite
populationin terms oftheir daily patterns of sleep and activitylikely to be differentas well

as the impacbn performancein elite populations.Certainly what measures as a significant
improvement in performance in sub or natite populationsmay notevenregister asa such

in an elite population.

Indeed, Fullagheret al, (2015) identified 205 studiespecifically examining sleep or
performance in relation to sleep loss and cognitiorathletes, yet none stated the level of
Wlitenessbf the athletes involved Similarlyn our review(Guptaet al., 2016) we identified

that only a total of37 studies (out of an original search result of >1600 articles) relating to

sleep quality and athletic performance classed the athletes studied as trudy dliterefore,
d0dzZRASAE RANBOGEE Ay@g2f gay3d WSEtAGSQ AslaKf SGSa
reminder, SAy 3 GNXz & WSEtA0SQ gAGK NBEBwaiRa&oddl 2 (KA 3
2N W/t adaAFeAayd GKS =+ f ARASwannat al, 2015) . 3hdse  { | Y L.
a0ltS 2F WStAGSYSaaQ NIy |&etieslfobnNsenii Glite titoygli & 2 y
to world class elite In this model,athletes are assessed against set criteria relating to 1)

within and 2) betweersport criteria. Withirsport comparisons are broken down to an
SPOLFtdz GA2Y 27F (K Srforndansdi theGuctetsyadhievad ahd3hg Experiende  LJ
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at that level; and betweesd L322 NI O2 YLI NRAazya AyOfdzRS O02YLIS
sport both on a national and global scale. Each individual component is ranked on a scale
(score range 4, where4 is elite) and computed. The outcome of this model is a quantifiable

O2y UAydzdzy 2F WI Gefité; Soinetitideteliel sBofeSsiusiefitey andividittclass

elite (score range-16) (Gupteet al, 2016) The athletes | have worked with in tegamples

providedin this thesis are clasdasWorldclas€k y | OO02 NRI yOS GAGK {41l yy

Seep is reported to play an important role in physiological and psychological recovery and
consequently, overall athlete health and wb#ing Thereforejt seems pertinent that it has
increasingly beerexplored and received moreexposure in theSports Sience literature
(Davenne, 2009, Halson, 2014, Guetal., 2016) with most recent advaces incorporating

the effect on mental fatigue and performance in relation to the psychological decrements of

being sleep poor (Banks & Dinges, 2007, Maebwl., 2009,Van Cutsenet al.,2017).

Studies have taken different approaches to the effect of sleep disruption on athletic
performance, some assessing physiological measures, some assessing specific athletic
performances which are arguably more relevant (Tletiral., 2015). Certainly, it haseen
recognised that athletes value their sleep for both health and performance reasons
(Tuomilehtoet al,, 2016). Fallon (2006) reportedat a group of elite athletes ranked sleep
characteristics as the most important clinical history variable inigab short term fatigue

and ranked sleep problems as the highest in terms of perceptions of the causes of short term
fatigue. Venteret al. (2010) reportedthat 67 % of a cohort of athletes who were asked to

rate recovery strategiesised during the comgtitive phase of the year, repted a regular

sleep routine. Bvironmental factors such as light and noise affected their sleep, with 41 %
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indicating that they experienced problems falling asleep at night. Similarlg, study
conducted with my PhD steaht, we surmised that &te sport is associated with high levels of
sleep disturbance, with differences being observed between siypes(Guptaet al., 2016)

In this study we usethe Pittsburgh Sleep Quality Index (PS@leliable and valid seléport
guestionnaire (more details i€hapter5), to measure over 400 elite British athlete$Ve
reported that 15 % of the athletes measured stated their sleep had deteriorated since
reaching an elite level of performanc€onverselya large proportion (62 %) of the athletes
assessed stated their sleep had remained unchanged since they had reached an elite level
suggesting that good sleep quality may not necessarily be a prerequisite for participating in

elite sport, nor does it necessarily degrade@uptaet al.2016)

Nonethelessemerging (but urreplicated) evidence suggests that improved sleep quedity
enhance individual (Maht al,, 2011; Skeiet al., 2011) and team (Zhaat al., 2012) athletic
performance in both individual and teasports For exampleZhaoet al. (2012 reported a
O2NNBfIFGA2y 0SG6SSyYy ol & @sadck in & 12hidfute BuStH Q & f S
whilst Mah et al. (2011)successfully implemented a sleep extension program in a group of
collegiate basketball playersHere theyinstructed them to maintain a regular sleewake
schedule (including daytime naps) andaon for at least 1thoursin bed per night. They
reportedan increased sleep duration which was associated with significant improvements in
sports specific performance as well as improvements in reaction time, daytime sleepiness and
mood Sergeantkt al., 2014a).Limitationsto this studywerethat this group of athletes were
non-elite and the actual strategiassed to increasathletesleep duration were not described.

As stated previouslhstudies relating to specifiglite performancebenefitsandthe individual

nature of sleegemain scarce.
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Concerns over poor sleep quotas in the athletic population stem from the knowledge that
despite individual requirements for sleep displaying large variations, a chronic reduction in
sleep(e.qg. less than 6 hwsper day can lead to gaubstantial disturbance in cognitizapacity
(Boonstraet al.,2007,Sergeantet al. 2014b) Reilly and Edwards (200@9pnducted a meta
analyses andeported generically there isa significant impact othronic sleep loss on
psychomote performance(e.g. reaction time) The longer sleep is deprived for the greater
the effect on performanceFurther evidence of this came from my own professional
experience where | have observed several elite rowers who expe&tebecoming parents

for the first time and suffered the concomitant sleep loss a new baby bridgsortunately,

this led to decreases in performance in training aubsequentiliness. Consequentlysome

hard choices had to be mady these particularawers in terms of how they supported their
family circumstancegparticularly withayoung babf @octurnalawakenings during the night,
whilst alsoneeding toconsistentlydeliver a training programme Essentiallythe rowers
learnt to prioritise their sleep and came to an agreement at home regarding nocturnal support

of babiesand partnerd

Throughout the literature, associations have been found between poor sleep and
psychological factors such as motieat to train (Mahet al., 2011, Abelret a., 2013) and
cognitive function including mood state, concentration and decision making (Leger, 2008,
Fullagaret al., 2015) along with psychomotor performance and daytime sleepiness (Reilly &
Edwards, 2007, Lege2008, Fullagaet al., 2015). Further, moodstate measures arshown
to be more sensitive than cognie tasksand in turn cognitve tasksmore sensitive than
motor tasksto sleep loss (Pilcher & Huffcutt, 1996%ivenathletic performancerequires

excellent skills in physical and psychological abiliirepairmentsin either area will likely
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impact on performance outcomes. Mood will also contribute in the sense that a detriment
to mood state will affect an athlef ability to maximisehteir determination and effort (Reilly

and Edwards 20QMacoraet al.,2009).

More acute sleep loss may still haveeffect on performancealbeit less severe. In a study

of swimmers Sinnerton and Reilly (1992) reported after partial sleep deprivafita5 hour

per night for four nights), swimmers had no decrements in physical measures but presented
with a decreased mood state and vigour with a concomitant increase in depression, tension,
confusion, fatigue and angefimilarly, Reilly andDeykin (198) reported decreases in
psychomotor function but no effect on gross motor function tests in a group of trained men
with three nights of sleep loss and one recovery nighsleep. Thenegativeeffects being
notable after only one night of sleep deprivati. Interestingly they reported a beneficial
arousal effect of exercise following sleep loss. This lends to the argumera #iagle night

of sleep loss may not be so adverse to performance outcomescanttl potentially be

overcome through sleep exteims techniques, nutrition anthe sporting activity itself.

b2y SGKSt Saa L222N) at SSLI KFa | Ydz GAFFOG2NRI €
training sessions and this is also shown through its impact on physiological function such as
immune esponsee.g. symptom expression may be higher (Katigl., 2002, Irwin, 2002,

Cohenet al.2009, Besedovsky, 2012, Hausswetlal., 2014,) andeduced parasympathetic

activity expressed throughigher frequencyheart rate variability NMyllymaki, 2006
Spiegelhalderet al,, 2011). Poor sleep also affespropensity for injury withfor example,

athletes experiencing less tha® hours sleep per nighibeing 1.7 times more likely to

experiencean injury compared with athletes who slept for more than 8 hqi#gewskiet al.
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2014). Being sleep poaran also affectnaintenance of body masas ahigherbody mass
index has beemeported inindividualswith a tendencyfor shorter sleep(Gonnisseret al.,

2013 Moraeset al., 2013, although this was in the general population

As a general guid®eilly and Edwards (2007) reported a taxonomgpafrts and recreational
activities affected by sleep lossd this is presented in Tabld.1. The caveat being this
classificationis highly generalisedimited to nonelite populations,and the effects of sleep

lossare moderated byindividual@ perception othe level of challenge of the activity.

Additionally, tre extent of the impact of poor sleep on athletic sporting performance is
RSGSNNXAYSR 0@ ’XefRdn@riict didep and theitdsipis&sa gbor sleep.
Both of which are highly individualised and vary with gender, age, chronotype (moresdetail

later) and general level of health.
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Table 4.1 A taxonomy of sports and recreational activities affected by sleep (Bsdlly and
Edwards 2007)

Characteristics Sports Effects
Low-aerobic, high vigilance Sailing 9NNENR
Road cycling
Aiming sports
Moderate aerobic, high Field sports DecisiorY' | 1 Ay 3

concentration Team games
Court games
High aerobic, gross skills Running 3000 m Marginal
Svimming 400 m
Mixed aerobia; anaerobic Combat sports t 26 SN Q
Svimming
Middle distance running
Anaerobic Sprints Marginal
Power events
Multiple anaerobic efforts Jumping events Cl GA3dzS 7
Weight-training

Whilst successful sporting performance is a result of a myriad of factors, how an athlete
manages their sleep and respondthigy experience poor sleep, suggests there is an element
of natural selectionin terms of who carope withpoor sleep,occurring within the athletic
population. A tool to help measurehis is the Ford Insomnia Response to Stress (FIRST)
guestionnaire. More details of this are provided i@hapter6, but briefly, this is a subjective
guestionnairespecificallydesigned to identify¢kactive sleepeiQ.e. those who are sensitive

to interventions to improve sleep qualitylt therefore provides practitiones, coaches and
athletes withan awareness of those individuals who are more likely to be sensitive to sleep
RA&Gdz2ND I yOSao LYLRNIIYyGfer GKA&a R2SayQi
experiencing sleep reactivitylhe propensity for sleg reactivity can manifest in any number

of scenariosfor example ballet dancers prior to a premier or university students during exam
periods (Fietzet al,, 2009, Ahrbergt al., 2012, Guptat al., 2016). Howeveif an individual

with high sleep reaatity finds themselves in an elite sporting environmghen potentially
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they may be at a greater riskan other athletes of degraded sleep quality when placed under

certain circumstances.g. selection/competition stress.

From contemporangoorts Sienceliterature, one can generally concludbat elite athletes
experience high levels of sleep disturbance, characterised by symptoms of longer sleep
latencies, greater sleep fragmentationonrestorative sleep and excessive daytime fatigue
(Guptaet al.2016). One must be cautious that this is limited to athletic populations, as similar
statements can be argued for other populatioasthe aforementionedballet dancersor
students. Nevatheless, three areas have generally been identified as precipitating factors to
be associated with athletic performance and sleep disturbance/reduced sleep quality and
have most recently been reinforced through our systematic review (Gaptl. 2016); 3
training, 2) travel (Winget, 1984, Bishop, 2004, Waterhaetsal., 2004, Waterhouset al.,

2007 & Forbedkobertson, 2012) and 3) competition (Judiffal., 2014), Kollingt al,, 2016).

For the purposes of this thesis | have added in a fourth areanctype. | shall now elaborate

on these areas.

4.2.1 Precipitating factors: training

Sleep quality and structure among elite athletes is challenged by the physiological stress of
training and competing (Shapiro, 1981, Taydbral, 1997, Hausswirttet al, 2014), the
emotional stress of competing (Tayktral, 1997, Erlachest al, 2011, Juliffet al., 2014), and

the circadian demands of integrating training programmes into school, university and family
life. Training is clearly imperative to successpbrting performanceand the reciprocal
relationship of sleep and athletic performee is no better exemplified than throughis

critical determinant of performanceFor example, sleep can be disturbed in elite athletes in
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response to training loads and in some cases, the consequences of inadequate sleep can
result in reduced traininghirough either overtraining or maladaptation (Taylor, 1997, \&all
al., 2003, Meeuseret al, 2006, Mainet al, 2010, Smithet al, 2011, Brinket al., 2012,

Hausswirthet al.2014)

Further, training routines of certaisports may negatively affect aathlete through the
constant sleep debt experienced in having to schedule get up times very early in the morning.
Swimming and rowing arsports who traditionally demand athletes commence training
before 0800 on a daily basmhich necessitates a get upne of typically 0600 (SD 0.04)
(Gilchrist, 201% Early morning training affects sleep through restriction of it and this can be
detrimental to psychomotor performance and reaction tintgafgentet al, 2014). Unless
athletes are conscientious enoudb get to bed early to ensure sufficient sleep, this can
potentially have a negative effect on training and ultimately performang#ilst it is highly
individualised a sleep debt of less than 6 hours a night is typically reported as having a
detrimental affect Sargentet al. 2014) The consequent sleep debt associated with chronic
af SSLI f2aa OFly GKSYy AYLI OG 2y Iy Eringséinfgld SQa
episode, or more significantly, over meso and macrocyles and therefore ultimately impact on

competition performancewhether it be in one season or over an ent®ympiad

Using markers to indicate training having a negative effectesfggmance Hausswirthet al.
(2014),found indicators of sleep disturbance in triathletegho underwent an overload
training period returned to baseline in a subsequent recovery period. Simjlgdilinget al.
(2016) found disturbed sleep in elitenior rowers during an intense training period and Shaal

et al.(2015) found dcreases in actual sleep duration and sleep efficiency with increased sleep
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latency and fatigue compared to baseline after 2 weeks of intensified traimisgnchronised
swimmers Tayloret al.(1997) investigated training volume influence on slow wave sleep and
psychological stress and reported a reduction in slow wave sleep (nREM sleep) during the
taper, indicating a link with slow wave sleep and exercise duration and intensity. The above
studies indicate that the effect of training load on sleep is a matter for consideration by
coaches and support staff and adds justification to the arguntleat practitioners should

feel compelled to capture data on baseline athletic sleep and monitor atvael

opportunities within theOlympidParalympicycle.

Included in a discussion of the effects on training and sleep (or vice versa) are the concepts of
training camps and environments. From some studies of elite tgaort players on training
camps,observations have been made between changes in training aoaddifferent sleep
environmentson total sleep time (TST) (Pitchfoet al, 2016, Thornton et al. 2016.
Remaining at home and training in a familiar environment compared to travelling aomy fr
home where an athlete is potentially sharing a room in a foreign environment, may affect
their sleep both short and long termPitchfordet al.(2016) reportedin elite Australian Rules
football players, an increase in session rating of perceivedtiere(sRPE) during a training
camp and compromised sleep qualitgroughan increased time in be@+34 minutes)n the
absence of increased totaleep time This consequentlignificantly redued training camp
sleep efficiency-5.82%)yndwas despite external influences to sleep changing i.e. time zone
shift or training schedulesThis could, in parhe explained througiMacora S G .,I(200Q% a
investigations of mental fatigue prior to exercisehere the investigators found thamental
fatigue limits exercise tolerance in humans through higher perception of effort rather than

cardiorespiratory and musculoenergetic mechanigiMacoraet al., 2009)
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Converselymy personal observations on elite rowers have shown that they experieace n
significant differences ithe sleep variables of time to bed (hh:mm), time in bed (min), get up
time (hh:mm), actual sleep time (min), sleep efficiency and sleep latency (min) when
comparing UK versus training camp environments. This is predominantly due to the
regimented training reigne in thesport of rowing. Howevergood sleep hygiene practices
(which is all environmental and behavioural aspects which precede skese) reinforced
through my work with the rowers anare detailed later in this thesigefer to Chapter6 and

appendx 4).

Another factor to the scheduling of training is whether an athlete has a certain chrorfotype

That is the assessmentof an athlete to establishif they are a morning, eveningor
intermediatetype of persor(Postulouche, 2005; Lastelkt,al, 2010.! LISNE 2y Qa OKNZ
is abasically a3 Sy SGAOFf & LINSRSGISNYAYSR LINBRAALIZAA!
preference to be most active in the morning, middle of the day or evening (Lasthd,

2010). Although the exact causeand regulation of chronotypes e.g. flexible versus fixed
chronotypesand developmental changes are uncertaiotentiallyay F G Kf SG5Qa OK NJ
couldinfluence training and competition performances along with the natural selection of an
FoAftAdGe (2 WO2LISQ @rodty poerki@ly exdelyirad Fot exdmplédNJAm O dzf |
athlete with a propensity to be more alert in the morning may achieve bétaening insports

where traditionally early morning training is the norfa.g. swimming, sprint kayak and

rowing) and may overcome the associated negative effects on sleep of early morning training.

8 Chronotype imbehavioral manifestation of underlyirggrcadian rhythmsf the plethora of physical processes.

A person's chronotype is the propensity for the individual to sleep at ticodar time during a 24 hour period.

C2NJ SEIFYLX Sz wS@SyAiaydySaau oRStlIe@SR atSSLI LISNA2RO |y
extremes with most individuals having some flexibility in the timing of their sleep period.
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Certainly timing of training schedules can potentialippact on the amount and quality of

sleep obtained by elite athletes (Sargesital, 201d)andA ¥ |y | GKf SG§SQa OKN
0SAY3 Yy WS@GSyAy3a (@LISQ (K Sportsttigt begiy tiniingfint &  § K A
the early morning.Early norning training sessions have their advantagessome sportsin

that they can provide good recovery time between training sessions, mimic competition
schedules and allow time for technique to be worked pearticularly in favourable conditions

e.g. watersports(Lastellaet al, 2010). However, there can be a detrimental effect of early

morning training given theleep losathletes experience in order to get up early for training.

From previous studiesLéederet al. 2012, Sargenet al. (2014) and personal findings

through my work with elite athletes, we know athletes tend to experience an average of 6.5

hours of sleep per night Further, hose athletes irsportsinvolving early morning training

sessims experience a reduction in sleeluration andan increasein pre-training fatigue

levek. For exampleSargenet al.(2014) found,inastudy6St AGS A6AYYSNBQ S| |
training regimesthat for sleep periods that preceded a training dagrticipantsspent 7.7

hoursin bed and obtained 5.4dursof sleep (i.e. 71% of time in bed). For sleep periods that
preceded a rest day, participants spent 8dirsin bed and obtained 7.fhoursof sleep (i.e.

77% of time in bed) Q

Certainly, in theowers | have observed, a typiaate hourreduction in sleeger night in a
normal training phaseis not unusualGilchrist, 2016) Sargenet al. (2014) alsoobserved

the cumulative effect of early morning training over only five daysahing at 050Chour

and reported it led to a cumulative sleep debt of 8 hours 30 minutes. This is a potential issue
given that to avoid detriments to daytime function an average of 8 hours per night is

recommended whilst there is no set amount of slpereported for athletesthe common
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consensus is the same as for the general populatibe American academy of Sleep
Medicine and Sleep Research Society, 201Bhis places athletes at risk particularfigr
example during periods of heavy training Idar competition. Therefore coacheshould be
aware of the implications of the timing of training sessions for sleep and fatigwen
planning training programmesAs a strategic counter measure, in cases where early morning
starts are unavoidable, slegxtension practices (e.g. napping) should be incorporated during
the day(if athletes are amenable to sleep extension techniquasyl optimal sleep hygiene
practices(refer to Chapter6 andAppendix 4)considered at nightThis could potentially help
negate the effects of restricted sleep on individual athlete performances for readoaedy
eluded too and also outlined further on in this chapter and in Chapterl@is is important
given pevious studies in other populationgith early morning start times e.g. airline crews,
have reportedhat the general consensus3€ minutes of sleep is lost for every hour that the
start of work was advanced prior to 090@ur (Spencer and Montgomery, 1997). For
example, starting trainingg W ¢ 2aN{7@Dowould result in a sleep loss of one hour. This
R2SayQi az2dzyR (22 RSONAYSyGlf dzyfSaa e&2dz
accumulate an associated sleep delbtis under these circumstances that a chronic sleep
issue can ensuekExtrapolate the early get up times over a season or Olympiad and it is easy

to see how sleep debt can accumulate.

Therefore, pretraining fatigue through sleep restriction can lawnplications both acutely
and chronically in terms dhe ability to deliver an optimal training session and to recover
adequately for the next. Thisoupled with the previously described negative effects of poor
sleep e.g. impaired immune function, ears that elite | (i K { Peiif@mafce may be

suffering as a result. Even when athletes compensate and adopt sleep extension techniques,
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e.g. earlier time to bed or napping, this is often insufficient to compensate for the total sleep

lost over a period btime such as a training block or a season (Sargeak 2014).

¢CKS jdzSadAzy NARaSa la (G2 oKSIHOKSNporsgeyaS | (K
swimming, sprint kayakand rowing are predisposed to be successful in their ability to
tolerk S SFENXe& Y2NYyAy3d aOKSRdzZ Sa 2N dKIG GKSe@ |
the early morning training demands. This is a difficult question for performance directors and
coaches when planning trainingarticularly when this can sometimes maited by access to

facilities. It also has implications for performance pathway (talent identification) plans for
sportsp L ¢2dAZ R adaA3Sad GKFIG gKAtad Fy FGKESGS
at different times of the day and their abilito train optimally in a givesport, other factors

also come into play when critiquing if an athlete is predisposed to a certain tygodf for

example, passion for theport, financial position and locality to training venueBurther,

lifestyle ard physiological factors often mean it is difficult to have sleep onset much earlier in

the evening before an early start for training. Insufficientidence exists about athlete
chronotypes, therefore given the area is under researchmdre is requiredto take into

account personality traits to better capture the sleep need of elite athl¢t@spta et al.,

2016).

Ly GSN¥Ya 2F |y FiKfSGiSQa R Sparh dibulative Nded by IS DA
can affect athletic performancand therefore good fatigue management strategies need
addressing in such circumstances. Equally, a single night of sleep debt may affect training or
performance in the short term but can be overcoyeeay. through correct nutrition, relaxation

and sleep extenen strategies. The concerning point heréhigt many athleteshave limited
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methods for managing their sleep strategies to overcome the fatigue from a single night of

sleep deprivation or longer (Julét al. 2014, Erlacheet al., 2011) Thereforethey, their

coaches and support personnelould benefit from effective fatigue management strategies

which take into account the specific demands apart@(i NI Ay Ay 3 &aOKSRdzZ S Iy

particular chronotype.

[ 2dzLJ SR gAGK | LXNBRIAYHOXIWSPSYRY DS 2 NIWWAY (S
2ySQa watSSLI NBIOGAGAGRQD {-detérinindd Bidd is 8 wa§) K NP y 2
of measuring how a person reacts to stressful situations through their sleep. It can be
assessed througtihe Ford Insomnia Response to Stress Gesistionnaire, aliagnostic sel

assessment questionnaire using nine items which measure the propensity for disturbed sleep
under stress and ultimately can aididentifying individuals predisposed to insomnirgke

et al, 2008) The instrument tests the likelihood that an individual will get sleep disturbances
following various stressful eventéor example, insport this could involve training load

increases, selection phases or competition phase. In athletes this can be particularly
prevalent as it can help predetermine times of poor sleep in an individual athletic career

through identified poor sleep inducing oatences.

4.2.2 Precipitating factors: travel

Travel is a regular disruption for eléghletesas international competition and training camps

before major competition become more sophisticated (Pipe, 2011). One primary concern for
travel and the associt SR FF GA3dzS A& Ada STFFSOL 2y at SSL

sleep architecture, hygiene and strategies.
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My challenge as &ports Sience practitioner was to introduce sleep measurement and

analysis to my assessment battery because | bawyercome previous misconceptions that

sleep and athletic performance only become a performance issue when international travel

is part of the agenda. Certainly crossing multiple time zones and the associated effects of
such travel on circadian rhythrand consequently slegpan have a detrimental effect on the
02R&8Qa lFoAftAGeE (G2 RSEAGSNI IGKESGAO LISNF 2NXI
manifest and the time frame of symptoms very much depend on the number of time zones
crossed and the individual athle® responseto long haul flight associated jet lag
(Waterhouseet al., 2000, Waterhouset al., 2004, Pipe, 2011, Reiky al., 2007, Forbes
Robertsoret al,, 2012 and Samuel2012). Nevertheless, itd notalways the case that long

haul travel(and associated jdag)is the only travel cagory with negative connotations for

FdKE SGAO aft SSLIP 20K aK2NI KldzZ FyR dzyl R2 N

effect.

Fundamentallythe difference betweershort and long hautavel symptomology are thathe

symptoms of jet lag are a function a@ircadian desynchronizatioand largely episodic,

whereas the symptoms of travel fatigue amaimulative and chronic (Samuels, 2012)
Therefore, thephysical decrementsf traveling fall into two categoriesl) the physiological

stress of travel relating to circadian -@gnchronisation (altered body clock) through flight
timesand2)(i KS WO N} @St Tl GAIdzZSQ && YL 2 iBe diSrBaK A 6 A (1 S
variation of physich attributes (i.e. wholebody flexibility; sekselected work rate, leg

strength, some hormonal markers and core temperature), cognitive function and dehydration
(Waterhouseet al., 2004). © help identify the physical decrementslohg haul et lag) and

short haul travel, Samuels (201pyovides a comprehensive jet lag and travel fatigue
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management plan foiSorts Medicine practitioners and high performance sport teams
2 A0 KAY yirpterdaMahagementatgrithm (Figure4.2), where he goal is taninimise
jet lag symptoms by effectively addressing circadian resyncsation, while monitoring the
athlete for cumulative fatigue, managing the iagb of travel, and preventing the health

consequences associated with travel.

JET LAG TRAVEL FATIGUE
Circadian & Episodic Cumulative
Gastrointestinal Unmanaged No Monitoring Neurological
& &
Unresolved No
Neurological Management Psychiatric/Psychologicgl

Musculoskeletal Immunological

Overtraining
UnderRecovery

Managed & Resolved Musculoskeletal

Monitored & Managed

a Performanceg
C Negative Health Outcomes
Wellbeing

Figure 4.2)et lag and travel fatigue symptoms and management algorithedgpted from
Samuels, 2012)

Performance is enhanced and health and wellbeing maintained withiell-managedjet lag
or travel fatigue programme.
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Given the symptomology of travel and jet lagy amadequate travel strategy can have
detrimental effects on subsequent performance. Whersports prioritise training or
competitionschedule®vertravel schedulessleepdeprivationfactorsfrom travelfatiguecan
affect recovery e.g. through exceptiondly early flights. A converseapproach involving
sensibletravel schedules could benefit performanceby avoidingthe shortterm fatigue
associatedwith travel to competition/training camps,combined with an optimal fatigue
managemenstrategyuponarrival at the destination. Onemustnote howeverwith longhaul
flights, crossingmultiple time zonesand resultant jet lag cannot be avoided. Here sports
administratorsand coaches;an help toplaneffectivetravelstrategieso allowfor time zone
shiftsandassociatedet lag. Theymustbearin mind individualathlete@responsego jet lag
and prioritisetime to allowthe symptomsof jet lagto abatein additionto phasingn training
and/or competitionpostflight. Workingbackwardsrom the point of performanceto the day

of travelis a goodstrategyto follow in thesecircumstances Forexample Waterhouseet al
(2002) in a studyof 85 athletes,coachesand academicdlying from the United Kingdomto
Australia(two flights with a one hour stopover in Singapore), found the amount of sleep in
the first flight was significantly greater in those who had left the United Kingdom in the
evening than the morning (medians of 5.5 hours and b&ri respectively; p = 0.00, Mann
Whitney) Whereas there was no significant difference on the second flight (2.5 ho2u®&
hours; p = 0.72)They reported thaincreasing age and a later time of arrival in Australia were
associated with less jet lag @ratigue, and previous experience of travel to Australia was
associated with an earlier time of getting to sle@erefore, they concluded that theiis a
requirement to consider th@nportance of an appropriate choice of itinerary and lifestyle for
reducing the negative effects of jet lag in athle(asd otherg, who wish to perform optimally

in the new time zone.
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4.2.3 Precipitating factors: competition

Whilst sleep can affect pafmance in athletes s@onversely, can performance affect sleep.
Typically, this manifests in periods of competition. The demands of competition can play a
LI NG Ay GKS adldsS 27F dtaf, 2010, EdadhétSal 401135 fasS LI |j dzl €
et al.2014, Chennaouwet al., 2016, Kollingt al, 2016) with internal factors reportedly being

the main reason responsible (Juéffal., 2014).An investigation of the sleep/wake behaviour

of endurance cyclisidbefore and during competitionfound that compared to baseline,
cyclists had less sleep the night before competiti6rd £ 0.9 hpnd during the first night of
competition(6.8 £ 0.&) (Lastellaet al,, 2014). Similarly Erlacher (2011), reported the 632
German athletesfrom various sportswho were asked about their sleep habits during the
night(s) before an important competition or game, 65.88ated that they had slept worse
than normal at least once on the night(s) before an important competitiogaone.Further,
compared with male athletes, there was a tendency for more female athletes to report poor
sleep before a competition (64.4% men vs. 67.9% worard)dhletes from individual sports
(69.3%) reported poor sleep more often than athletes fromrntesports (59.6%) In total,
62.3% of the athletes stated that they had slept more poorly than usual at least once on the
night(s) before an important competition in the preceding 12 monttmsa study of over 200

elite athletes, Julifét al. (2014), rgorted that competition led to altered sleep disturbances

through problems falling asleep, anxiety and nerves.

ConverselyGupta et al. (2016) identified 6 studies using actigraphy to analyse sleep in
competition and reportedhat most showed no signdant changes in sleep efficiency and
sleep onset latency when compared to normal training. Furt@aennaoui (2016) fourttiat

elite swimmers finishing fourth at national championships (France) had more consistent total
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sleep times for the duration of # competitions compared with those swimmers finishing

fourth or below.

In order to aid coacheplanning the impact of inrcompetition recovery andultimately
sporting performance, further research is required focusing on sleep quality during the
specific stages of competition; pre, during and post. Furthermore, education of athletes on
strategies to prevent poor sleep associated during competition phases is alsantesl
(Lastellaet al,, 2014, Julifet al,, 2015). Also,of importance is to recognise the difference

between poor competition sleep and chronic sleep issues in athletes giwiff 2015).

4.3 Should we measure sleep?

The highperformance athlet& ability to manage their sleep and rest (movement behaviour)

KFra aStR2Y 0SSy O2yaARSNBRO® CKAAd A& 0SOl dz
psychological, biomechanical and technical capabilities predonsntitening sessions.

Adding meastement and analysis of sleep and movement behaviour to an already hectic
assessment battery has often been considered too intrusive. This view is further reinforced

when you consider the athle® home environment as the single place they escape
assessmetnand objectivity. However, minimising the intrusion with a simple device, such as

an Actiwatch (refer to methodology i€hapter5), allowed me to gain data in an area

previously undeiinvestigated.

Ly 1jdzSaGA2yAy3 WaK2dzi Q3 ¢85 Y YIS NE tHziNB wastBaAWiINE SL ¢
measuring and consider if was practitionersknow what to do once we have data on sleep

and movement behaviour.In terms of what was being measuredhet sleep and activity
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variables measured by the actigraphy methodology are outlinecClapter5, with a
corresponding description of slegmuantity (duration)and quality (described (Galambost
al., 2011) These two aspects of sleep are whatvasconsidering wherassessinghe sleep

side of an athlet@ fatigue management.

Once we have data oathletes sleep quantity and quality it is important we have clear
guidelines on how to actMy initial pilot work on sleep (described @hapter6) highlighted
these guidelines didot exist. In Chapters, | provideprocedureson how to provide support

to athletes when conducting fatiguenanagenent projects through the described EIS
WHierarchy ofNeeds(for the measurement and assessment of sleep and movement behaviour
in elite spor)Q I Yeép MEhagementDecision TNS &iQures 6.1 and 6.2 respectively)
These two diagrams were established from my introduction of fatigue management to the UK
high performance sport industryWhat coincides with this ihe nonnegotiabke aspect to

any fatigue management assessmey this | mearhat the individualpractitioner is aware

of their professionalboundaries and refers results @n athletes sleepassessmento
appropriate members of theJ- NIi A O dzfSlom¢IcencMedicidéiteam. For example

if an athlete is displaying signs of physiological insonthr@ugh objective and subjective
YSI adz2NBsasz (KS FGKESGS aK2dzZ R 0S NBFSNNBR (K
psychological help (e.g. Cognitive Behavibiiteerapy (CBTXp potentially help combat the

insomnia.

When considering if we should measure sledm tmportance of capturing and analysing
sleep for the benefit of athletic performance has, at a rudimentary level, been queried in
GSN¥ya 2F (GKS FFOdG GKIG WYWgS IHoweveraif ySuSdldwl y R G ¢
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this train of thought then onecould argue thatwve all breathe so therefore why measure
FSNRPOAO OF LI OAleK SO0 GKS laasSaayvySyia 27 2y¢
physiological assessment of elite athletes as, primarily, it establishes individual
characterisation of @spiratory function and provides indicators of adaptations made and
manipulations required for enhancement of performance. Therefovkilst some argue

against the need to measure objectively sleep quality @adntity, it is increasingly evident

that, in elite sport, to achieve marginal victories over opponenés culture of absolute
preparation needs to be established. Further, whilst it is important to recognise academically

the aforementioned reciprocal relationship between sleep and athletic perfogeaathe

ability to apply the theory in a practical context is of clear importance too.

In considering if washouldmeasure sleepwe cannot ignore thessociatiorbetween sleep
and athlete health as well as performanc8eepis typically considered tbe an aspecof
W GKESGS KSI t (i ®eodial, @dobmic, psydholdgigal dndi riketliGiivglibeing
and how this translates to adherence to training and ultimately athletic performance
(Chennaoui, 2016As one interviewee stated,
tp WQ, Sad LGYA y2id NBrffe NBIFIftAaAaGAO T2NJ dza

have a, it might leave a legacy thahi especially helpful for me to life, but that is not
GKS Aada&ddzS KSNBE® ¢KS A&aadzsS KSNB Aa LISNF2NNIy

Figure 43 displayshow, along with associated factors, athlete health can contribute to
sporting performance ltillustrates hav being in the cent of a tiered pathway tsporting
performance there is aconsequentrationale to focus on the characteristics of fatigue
management (sleep and associated movement behaviour) in elite athletes and highlight areas

for improvement.
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wAge areversibility behaviour)
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Medication

Figure 43 Schematic illustrating the factors associated wiport performance (adapted
from Smith, 2003).

Of note,athlete health is a major objective of the UK high performasmert system and one

of the key priorities of the EIS.hd formation of adirectorate within the EIS dedicated to
matters relating tddthlete healtl{dn 2016 becausecollectivelyinjury and iliness isne of the
single biggest factors that prevents athletes from being successfutortisfrom achieving
medal targets highlights the focus on such an aréanglish Institute ofSport 2018)
Primarily the Athlete Health Directorate helpsports monitor the availability, effort and
recovery (AER) of their athletes in the context of their own individual narrdivelish
Institute of Sport 2018) This includes a subjective assessment of athlete sleep. Additionally,
within the EISAthlete Health Directoratethere is adedicatedworking group focusedn the
management ofupper respiratory tract infectior{URTlas athlet& Selfreport measures
have concludedthat ! wé¢ L Q& O2y UNRAROGdziS &AAIYAFAOlLIyGf e
regimes. | used ny knowledge on sleepnd its impact on the immune systeto help this
working groupmakerecommendationdi 2 I G Kf S Sa 2 Wimila el aArg 3

also projects withirthe Athlete Health Directorate dedicated to athlet@ travel strategies
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including plans for sleep and shoahd long haul travel angerformance and | have
contributed, alongside my RD student to outputs forsportson sleep and travel strategies

e.g. Team GB R2®160lympicGames travestrategy

4.4 Technologies
Gontemporary technologies for sleep assessmerg. smart phone applicationsan be guilty
of promoting sleep as a problem variable rather tresan area of human function needing
G2 0S AYRADGARdzZ ffe& RSADNAYBRDAT YZEQII MEBAK a0K
to scientifically validated equipment (describeddhapters), they can be counterintuitive to
322R af SSLIP ¢ KSe KI @Sicagrade gthodplogfied ahd cadp beO1 SR O
invalid against gold standard qitslassurance measures (refer @hapter5). Nonetheless,
YIydzFl OGdZNBENER 6SNB KIFLILXR G2 20fA3S |yR GKS
exploded (Byrne, 2017).
G¢KS GNRdzof S 6AGK aftSSL) ¢l GOKSa¢ Aa GKIFIG GKS
hardware, algorithms or validation studies public (if they even did a study). So how do we know
if they work? Many now purport to measure sleep stages (e.g. REM sleep) as well as sleep wake
cycles. At best, actigraphs can infer sleep. Currently, only lraite technology can measure
sleep stages. Remember that sleep is in the brain and our brains are not on our wrists. Inferring
sleep from wrist motion is complicated and requires independent validation against PSG
NEII NRf Sda 2F (KSQBYInaNRH). NBE 2NJ I f 32NAGKYaQ
Further, in the digital age in which we live, social media is littered with advice on how to
achieve optimal sleep. However, guidelines are often based on population norms and have
little consideration for individual variances. Therefaiechnologies are frequently reported
to help assess sleep but often they are absent from any form of quality assurance mechanisms
for validity and reliability nsequently theyfail to provide an accurate assessment of an
AYRA@GARdzZI f Q3sticgdnddbality. Orkis ibla chailéhdeior the practitioner where
athletes can access information and technologies in the public domain easily, but with little
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comprehension of the importance of quality assurance practices used to assess sleep and the
knowledge interpretation and dissemination surrounding the topin.these instances, as a
practitioner, it is important to reiterate to and help educate the athlete about validity and
reliability of any equipment that is being used to provide the athletad(zoach) with
information to assist in performance preparation. It is the athlgiesrogativeif they wish

to engage withcontemporaryi SOKy 2t 23ASa &dzOK & WgSIFNIofSa
least in a position to make an informed decision about tnthay may or may not use. The
physiologist should strive to be the one to provide the information to help the athlete make

informed decisions.

4.5 Sleep Management Strategies

Having learnt about sleep in currerdports scienceliterature and some realworld
applications| shall now presersome suggestions for sleep management strategies based on
current research and pragmatic approaches to improving sleep in athletic performdhee.
nature and effectiveness of sleep management strategies to maimtthietic performance
following sleep disruption and circadian challenge remain either undeveloped, or untested
(Morgan, 2013)t is therefore important that sleep and associated movement behaviour are
captured for objective measurement and assessmerttigh performance athletes. Whilst
studies pertaining to sleep quality in athletes have presented interesting findings relating to
the generic aspects of sleep and athletic performance (Taylak, 1997, Erlachest al, 2001,
Hausswirthet al,, 2014 and Juli#t al,, 2015) and even hints towards normative data (Leeder
et al, 2012), there have been limited specific studies on interventions to improve athletes

sleep and/or performance. One such concept to aid improvene athlete sleep quality is
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Mah, 2011, Pousset al,, 2015, Thorntoret al., 2016).

Sleep extension reduces the pressure to slelgiler and Cotes (2009fported the best
timing for naps varies according to individual sleep need, stability and timing of sleep/wake
schedules, morningveningness tendencies, and quality of sleep during the preceding night,
quality of sleep during the nap or amount of prioakefulness. Naps should generally be
between1@ YR o0nQ ¢gAGK aK2NISNI yl LA KFEGAy3 | Y2NEB
beneficial but the benefits taking longer to take effect so as to overcome sleep inertia (Milner
& Cotes, 2009) Sleep inerta beinga reduced ability to think and perform upon awakening
and it is thought to mainly occur in the longer naps due to a higher frequency of slow wave
sleep (stage 4jrefer to Chapter3). The best time to have a nap can vary depending on
circumstances,opportunity, daytime sleepiness and motivation. However, in terms of
circadian rhythms, the most likely time to nap is in the afternoon body temperature nadir,
generally between 15001700 (Milner & Cotes, 200@9nd to maintain the nap length to
between30 or 90 minutes in order to stay within the lighter sleep stage aspect of the generic

90 minute sleep cycle.

A study often reported for athletic performance and sleep extension is Mah, (2011) who
observed sleep extension in a group of collegiate bdsdeplayers who were subjected to
extended sleep over a period of%B weeks and who subsequently displayed improved
performances and mood rating€One must note howevethat there was no control group

and these subjects were collegiate athletes, thus elde and likely to have poor sleep as a
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consequence of college life and any intervention to improve sleep would potentially have

benefits.

Nonetheless wider sleep management strategies including napping have been shown to be
beneficial Appetitive naging in nonsleep deprived groups has been shown to have benefits

in subjective(e.g. ratings of sleepinesahd behaviouralmeasurege.g. moodyandimmune
system functionarautet al., 2011) In elite athletestiis advised thatlaytime naps may be
beneficial due to their known benefits in increasing alertness and alleviating daytime
sleepiness for subsequent training sessions, without being detrimental to night time dreep
short, naps carmpotentially benefit athletic performancgLegeret al,, 2008, Milner & Cote,
2009, Mahet al,, 2011, Poussadt al, 2015 O'Donnell,et al.,2018) Similarly napping has

been shown not to affect nocturnal sleep (Pilclegral, 2001). However, whilst he overall
benefit of napping is likely to be an interami of factors (Milner & Cotes, 2009), we dditl

not have definitive information as to thgpecific psychghysiological benefit(s).

With regard to events where athletes necessitate a nap due to competition demargls
ultra-endurance eventssleep extension strategies become paramouRbussekt al.(2015)
reported ultraendurance runners actively incorporated sleep management strategies into
their pre-race or race routines of an ult@ndurance event and thisooelated with the
number of finishers of the evenRunners who adopted a sleep management strategy based
on an increased sleep time the night before the race completed the race faster (P = 0.0258),
than those who trained for sleep deprivation (P = 08R5Similarly,Legeret al. (2008),
observed sleep debt and performance in sailors in an endurance event and concluded final

rankings in the race related to the sleep management strategy of the participants.
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To surmise, as a conceleep extension isnderexplored andve reported in our review
(Guptaet al., 2016) that while daytime napping appears to be a common compensatory
strategy used by athletes, there is little evidence that naps are strategically integrated into
training regimes. Other areas included in optimal sleep management programmes would
include educatia of sleep hygiengrefer to Chapter 6 and appendix,43 collective term for

sleep systems (bed, mattress, pillow etc.), sleep practices and a general approach to the act
2F Ww3IA2AyYy3A G2 at SSLIQ® Ly akK2NI3zX St Asleép & LI2 NI
education and management with a recognition for the individualised nature of sleefeed,
Pitchfordet alQ gtudy (2016) observed eéhange in training environment and the effect on
athlete sleep qualityin elite Australian Rules football playewhen comparing home and
training camp environments. Specifically, they reported that the training camp environment

O2YLINRYAASR LX I 8SNRQ af SSLJ ljdzk £ A (withodeS ( 2

ax

increased total sleep time. Moreover, individyddyers with higher home sleep efficiency
experienced greater reductions in sleep efficiency on training canGallectively,this
emphasisedthe need for Sports Science practitems to take responsibility to work
collaboratively with sports to creatiadividual athlete sleep strategies and interventions, in
preparation for training or competition scenarios. This can also be highlighted through my
personal observations in the fatigue management projects | have conducted and supervised

andaredescribed y / KIF LJASNJ ¢ Ff2y3aARS || aSOuAzy 2y

4.6 A multidisciplinary approach
For sleep, and associated movement behavioohe explored within a particulasport, a
challenge to multdisciplinary practitioners is convincing highrformance athletes and

coaches that capturing objective data about their sleep (and movement behaviour)
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characteristics and quality is of benefit to performance. Further, given theichality and
specificity of sleepmeansthe generic advice and education given to athletes can be
problematic Certainly, due to a lack of direct clinical assessment and reasoning as to its effect

on performance, or vice versaigi-performance coacheand athletes can remain dismissive

and uneducated on the importance of fatigue management. Frustratingly, the individual
NBaL2yasSa (2 atSSLI OFy YI1S O2F OkédltsndebrNE 2 F
adjusting training programmes in an @ddy crowded training and competition calendar.
Reasons for this are hard to decipher, with possible explanations bmaisgical, financial or

coaches fearing the unknown consequences in changing training prograr@oresequently

4

20U AY A Y Idnceazhdzandthje@s can R&problematic.

Parallel to this ithe factthatl KS Y@ AGAFAOFIGA2Y 2F WwWat SSLIQ | yF
YSRAOIE FIFOG YSIyYy GKIFIGZ Ay I OFRSYAO GSN¥Yaz vy
examined withirmultiple academic fields.Nonetheless, | present the challenge that despite

sleep and associated movement behaviour being less well understood as a physiological
process thanfor example, gaseous exchange, it remains an individual biological entty an

with a greater understanding antbrmativedata from individual athletes we will be able to
understand athlete responses better anda&blish normative data of elite athletes in fatigue
management. Further, 2y S Ol yy 2 A3Jy2NBE O2F OKS&a FyR |
perception that good sleep makes a difference to performance and despite there being no

direct scientific reason for sleep, in order to be an effective practitioner, it is a concept that

should beinvestigated scientifically within the athletic population.
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Neverthelesslam not proposingmproved sleep will be the unique factor in ensuring athletes
win a gold medal, but I am highlighting that the single performance aim as coaches,
practitionersand most importantly athletes, is to ensure marginal losses are minimised to
potentiate a win and good fatigue management can negate sasbes. Additionally, the
individual diversity of sleep requires a multidisciplinary approach to finding solutions
involving interventions to improve and manage athletic sleep and performance. This
necessitategshe multidisciplinary team having a full understanding of sleep and its biphasic
relationship with performance. This is where the physiologist can tekponsbility and
ownership of the measurement, assessment and subsequent interventions for fatigue
management as an impact factor on a sg@mvhat it takes to win model. t&ting from the
fundamental principle that sleep redominantly a physiological procgsas described in
Chapter3, the physiologistan thenlead the processind encourage deeper thought from
other disciplines as to possible interventions to enhance sleep or movement behawitiur

a view to having a concomitant effect on training andfpenance. Therefore, as applied
physiologistswvithin the highperformance sport arenaye should recognise the importance

of capturing data on this daily phenomenon and the necessary collaboration witsptbrts

and otherSports Science aridedicine disciplinesvhen interventions to improve individual
athlete sleep quality are requiredhis can then allow physiologists to facilitate thorough and
correct investigations and intervention planning. Equalthe type of work equired to
perform fatigue management assessment is typical of that of a physiologist,ntaumtoring

sleep and daily activity is in keeping with the role.

Although n these circumstances of multi and interdisciplinary collaboratidris important

that physiologists recognise professional boundaries and that, whilst they can provide the
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guantitative and qualitative data to exemplify there is an issue with sleep and identify primary
causesthey cannot necessarily provide the technical kdetge for a particular intervention.
This is where interdisciplinary collaborations are fundamental to the athletes as the consumer

and beneficiary of th&ports Science aridedicine support

4.7 Summary

This chapteihas provided information regardingpetemporarysports sciencditerature on
sleep strategies to combat poor sleep asdggestions for who leads a fatignme@nagement
project within a Sports Science andedicine team Poor sleep can present a problem to
athlete® in that it is asingle entity but has a multifactorial impact an - K f &bifitste a
deliver quality training sessiorad subsequent performancesSleep quality and structure
among elite athletes are challenged by the physiological and emotional stress of traiging a
competition, and the circadian demands of integrating training programmes into athlete
lifestyles. Combinedvith training stress, poor fatigue management will patt on an
FOKESiSQa 20SNrff KSIfdKY ¢gStfoSAyIJand yR LIS
recovery from injury and illness and preparation for associated training adaptations and
adherence.Collectively all of the factors describedliis chapterave a relevance to training

and the subsequent impact on performance.

To combatrisk factors for disturbed sleep in high performance spa#,practitionerswe
need to provide fatigue management strategi€e.g. sleep bankingfor sleep and
performance maintenanceimprovementand enhancement. | feel it is therefore the
responsibiliy of Sports Sience practitioners to investigate athlete norms and provide such

strategies. As discussed i@hapterl, in an industry govered by marginal gains, with such
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small differences between podium performances, there is a need to identify antirsse

W2 K | TakeskdiVA ynBdels and assess the variables whinpacton an athlet@®ability to

train and compete. lthis chapter have presented that fatigue management, through sleep
and associated movement behaviour, is an example of such a variable. Certaingn it is
evolving concepin the field of high performancsportwhich will ultimately help tgioneer
andaddress thecritical determinants of performance more successfulyactical examples

of using fatigue management assessment in this ma@anempresented irChapteré and the
simplicity of being able to gather quantitative data on sleep and associated movement

behaviour variables are presented in timext Chapter
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Chapter5. Methodologies toMeasure andAssessSeep andMovementBehaviour
5.1 Introduction
Whilst manyprojects reported in this thesis followed a quantitative methodology, there was
scope for qualitative methods to supplement the quantitative studies and add substance to
the findings. Therefore, a mixed methods design was employed to capture all thamelev
data. Qualitative methods were discussed previousi@hapter2 andthis chapterwill focus
on the quantitative methods (objective and subjective) employed to capture sleep and
associated movement behaviour data, ahead of furt@&aptes reporting projects utilising

such methods.

5.2 Sleep quantity and quality

As outlined inChapter4, it is important to describe and bring clarity to what is meant by sleep
guantity and quality. This is even more important as sleep becomes more popularised and
modern day technologies provide commercially available equipment to measieep
guantity (duration) and quality (disturbances)Galamboset al.,2011,0hayonet al., 2017).

In terms ofquantity, The National Sleep Foundation (NSF) panel for updated sleep duration
recommended P hours of sleep for adults (4 years) with variables such @®e to bed
(TTB)time in bed (TiB), get up time (GUT) and total time asleep (TTS) observing sleefy quanti
(Hirshkowitzet al, 2015) The National Sleep Foundation (NSF) panel consensus on sleep
guality was that measures such as sleep latency (SL), number of awakenings greater than 5
minutes, wake after sleep onset (WASO), sleep efficiency (SHjagmdertation index (FI)
yielded good indicators of overall sleep qualija(sswirthet al. 2014 andOhayonet al.,,

2017). Diurnal activity can be assessed by time spent immobile (%) and mobile (%) during

waking hours.Predominant sleep variables are outlinedTable 5.1
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Table 5.1. A description
Guptaet al., 2016)

of sleep variables measured (modified from Leeded., 2012 &

Sleep Variable

Description

Time to bed (TTB) (hr:mm)

The time the actiwatch recognises time to bed determined by predsitign
2y ol GOK 2N gl GOK RSGSOI Wi AIKDG

Time in bed (TIB) (hr:mm)

¢KS G201 f Sftl1LJASR GAYS 0SGsSSy i

Actual sleep time (AS]
(hr:mm)

The total time spent in sleep according to the epdyhepoch wake/sleep
categorgation

Get up time (GUT) (hr:mm)

The time the actiwatch recognises get up time determined by pressing by
2y 61 GOK 2N g1 GOK RSGSOI Wi AIKIDG

Wake after sleep onse
(WASO) (hr:mm)

the amount of time individual spends awake, starting from when fivsyfall
asleep to when they become fully awake and do not attempt to go bag
sleep

Sleep period
(hr:mm)

time (SP7

The time elapsed between the first onset of sleep and the final awakenir]

Sleep efficiency (SE) (%)

Total sleep time expressed aspercentage of time in bed: total slee
time/time in bed x 100. Provides a sensitive metric for estimating s
quality. SE below 85% indicated a disorder. Can be assessed
instrumental or subjective estimates (of total sleep time)

Actual sleep timexpressed as a percentage of time in bed

Total sleep time (TST) (min|

The total amount of time spent asleep whilst in bed (SPASO)

Sleep latency (SL) or Slei
onset latency (SOL) (min)

¢KS StlrLaSR GAYS 0SGsSSy a[A3aKGA

Sleepprofile (SP)

Generally, the reported sleep onset latency, total sleep time and s
efficiency

Fragmentation Index (FI)

A measure to the extent to which continuous sleep is interrupted by epis
of wakefulness. It is an indication of the degree offreentation of the sleep
period, and can be used as an indication of sleep quality (or the lack of i

Sleep fragmentation is reflected in the duration and/or frequency of episa
of WASO

It is the sum of the mobile time (%) and the immobile bottd min (%).

Immobile time (%) (IT)

The immobile time expressed as a percentage of the assumed sleep tim

Mobile time (MT)

(%0)

The mobile time expressed as a percentage of the assumed sleep time

5.3 Quantitative methods for sleep quality, quantity and movement behaviour

Whilst there are different sleep and waking movement behaviour projects to be described in

Chapter6, the rudimentary methodology remains identical for all projects. Any differences

in logistical methodologies will be reported within each project repGhgptero).
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5.3.1Sleepmeasurement andassessment

Two common methods in terms of sleep qualitgeasurement andanalysis exist,
LJI2f@a2YyYy23INl LKe ot {D0O YR ! OGA3INILKEO® t 2€ &
a0FrYRIFINRQ YSFadz2NBYSyid 2F a4t SSLI I NOKA G SOG dzNB
measure large numbers due to being labour intensiveraogdiring specific skills in electrode
placement and analysis of outputs. Also, PSG can be expensive, and is often used primarily
for assessing clinical sleep disorders. Specifically, it can record body functions such as brain
activity (electroencephalgram, EEG), eye movements (electrooculogram, EOG), muscle
activity (electromyogram, EMG), and cardiac activity (electrocardiogram, ECG) (Halson 2014).
Information on sleep that can be obtained from PSG analysis includes, but is not limited to,
total sleg time (TST), sleepnset latency (SL), wake after sleep onset (WASO), sleep
efficiency (SE), sleep fragmentation index (FI), number of awakenings, time in each sleep

stage, and sleep stage percentages (Halson 2014).

Whilst PSG provides the most vadiod reliable marker of sleep architecture and is recognised
as the gold standard methodology, Actigraphy is a more ecologically valid field measure of
sleep quantity, quality and activifikblomet al., 2012 Lambiaseet al,, 2014)and therefore,

for the purposes of my projects, allowed sleep and movement behaviour to be assessed in an

I G K f r&ilrsl @vironment.

There are several actigraphinits on the market and their use in physical activity and sleep
medicine literature $ common (Sedeh & Acebo 20@&plom et al, 2012,Lambiaseet al.,
2014). My preferred method of data collection, (and therefore advised to other practitioners

in the UK high performance industry), is through the use of an ActiwéRespironics
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Actiwatch 2 (AW?2), Philips Healthcare, UK)is these units which were predominantly used
in thevarious pojects described i€hapter6, as athe time of the projectsthese unitswere

routinely used by sleep researchers | had sought advicgleep assessmefrom.

Actigraphy is a popular choice for assessing sleep (and activity levels) in the field as it is
validated against the gold standard PSG measurement andimspde,non-invasivemethod

of monitoring human rest/activity cyclesSadeh (2011jeported in a review of the role and
validity of actigraphy, that it has reasonable validity and relighiti normal individuals with
relatively good sleep patterns. Reportedly, it has accuracy with PSG of up to 80% for total
sleep time and sleegfficiency in sleep disorder patients (Kushigaal. 2001) and is
commonly used in sleep literatur&Vhilst the two methods cannot directly be compared due

to methodological differences, actigraphy at least is the preferred field measigmeP S@Eue

to its relative ease of use and cost effective benefits, not just financially, but also to the
& dzo 2tkn®(in Mycase the athlete) Other advantages of the actiwatches are their discreet
and compact design, making wearing the device easy and unobtrustgedeployment
involves a small actigrapmii (43 mm x 23 mm x 10 mm and 16 gram)ich houses small
uniaxial accelerometers, (preferably 3 axes to be medically valid against PSG), which are
usually intended to be worn on the wrist of the nolominant armto measure gross motor
activity. The placement on the wrist makes it possiblestody lowintense physical activities

as well as monitoring physical activity during sleep for sleep duration and quality assessment

(Ekblomet al., 2012)

Sedeh & Acebo (2002bmmented some disadvantages to the actigraphy technology in that

its validity has not been established for all scoring algorithms or devices (typicahis 2
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devices) or for all clinical groups. Secondly, it is not sufficient for diagnosis of sleep disorders
in individuals with motor disorders or high motility during sleepurther, in sleep onset
studies a spectrum has been presented for the onset of sleep and is presented inFigure
Tryon (2004) reported thatdaigraphy is theoretically associated wiiteep Onset Spectrum
phase 1, whereas PSG is theoretically assed with Sleep Onset Spectruphase 2 thus,
making direct comparisonis sleep onsedifficult. This difference is more pronounced in

those with insomnia than normal sleepers.
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spectrum displays the differencein the point of identified sleep onset from 3 methods of
recording sleep. Actigraphy identifies sleep onset earlier theolysomnography(PSG and
subjective recordings across the walsteep spectrun(adapted from Tryon, 2004).

Finally, actigraphy relies on algorithms and, as with any computer generated outcome, the
use of computer scoring algorithms without controlling for potential artefaza lead to
inaccurate and misleading results. Nonetheldgs® American Academy of Sleep Medicine

accept validated actigraphs as an acceptable measure of total sleep itineertain

circumstanceg¢Byrne, 2017).

For this thesis the actigragtunit employed was th&espironics Actiwatch 2 (AW2) (Philips
Healthcare, UK). This is a small héwettl device housing a texical accelerometerto

continually record illuminancenovement and event marking.
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Of note, some studiesin the academic liteature, (that involved elite athletes using
actigraphy, found lower sleep efficiencies in elite athletes, characterised by a longer time in
bed, higher wake time aftesleep onset, sleep onset latency and sleep fragmentation (Leeder
et al, 2012, Guptat al. 2016). This is in comparison to studies using athleteasséssment

of sleep where averestimationof sleep duration was reported (Cagaal., 2017)

5.3.2Movement behaviourmeasurement ancassessment

As discussed ihapter4, the capture and analysis of the daytime activity volume (i.e.
movement behaviour) in elite athletes is not widely reported, if collected at all, despite a
plethora of data existing in physical activity domainghe same fieldbased tools used to
measure noctmnal sleep characteristics and quality can also provide information on diurnal
movement behaviour through activity volume and pattern assessment (Lambiasé,
2014). As with sleep, resactivity profiles are calculated from algorithms on activity vodu

in the actiwatch software (Respironics, Surry, UK). Variables swattiasy count (init to
indicate if the subject is asleep or awak@g@rcentage immobile time and percentage mobile
time can then be analysedessentially, all time is scored as &&ainless the activity counts

from the monitor are sufficiently low to indicate that the subject is immobile.

Although field measures to assess sleep have not proven to be as valid or reliable in measuring
the intensityof activity, they are acceptable for measuring physical actwatymei.e. counts

per minute or counts per day (Routen, 2014). Specificallyg, Abtiwatch AW2 model
(Respironics Actiwatch 2 (AW2), Philips Healthcare,idJg)fficient as it provides data on

activity volume.
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Another advantage of using actigraphy to assess movement behaigotirat it provides,
through a single devica direct assessment of sleep and movement behaviour in-freéag
settings. For both conditions the actiwatch uses similar methodology to detect accelerations
in body movement and this both minimises the cost and participant burden during data

capture phaseg¢Lanbiaseet al., 2014).

Therefore, the use of actiwatches is an ideal approach for assessing the pattern of stich rest
activity profiles in elite athletes, as the intensity of activity or rest is not the purpose of the
exercise, more the objective assessihef the equilibrium between rest and recovery during
waking hours. That is the percentage of the amount of time an athlete spends being mobile
or immobile during waking hoursAs sleepwvake recording is more reliably obtained, a daily
sleep diary recating selfreported time to bed and get up time is also useful to have (Fietze
et al.2009). The actiwatches record sleep when the two conditions of low activity counts and
subjective reported time to bed are satisfied simultaneously (Halson 2014) andathibe

verified through seleported measures.

In summary, Would be confident in usinthe Actiwatchwearable technology for assessment

of sleep and activity (movement behaviour) in the field. Their validity against PSG for sleep
variables is goal (above 80%} YR G KSANI [ aaSaaySyd 2F Wl OUA DA
assessment of movement behaviour than otlamailabletechnologies which, for example,

rely on indirect measures of energy expendituréndeed, wearables estimating energy
expenditure have been shown to be less valid compared to gold standard measures of energy
expenditure such aa metabolic chamber or doup labelledwater (Murakami et al. 2016).

Similaty, i KS Sy R dzaSNE Ay (GKA&a OlFlasS GKS |ikKfSGSx
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their level of activity (e.g. low, medium or high) much more readily than measurements of
energy expenditure. Of fther note, is the fact that the actiwatch displayepresentative and

guantifiable information regarding sleep and movement behaviour compared to other
measures, such as quality and intensity of actjvibhich are much more subjective,
individualised andi 2 | OSNIiF Ay SEGSyd NBte& 2y | . LISNHE2)
Therefore other options for presenting sleep and movement behaviour data valid and

athlete friendly manner were limited.

5.4 Actgraphymethodology

Actigraphyis my preferred method of data collection for sleep and movement behaviour for
reasons already outlinedWhen using actigraphy the actiwatchis2 LJA OF t € @ g2 Ny 2y
non-dominant wrist 24 hours a day for approximately 14 days at an epbdhminute. 14

RFred Aa&a GKS FTROAASR YAYAYdzy €tSy3adkK 2F 6SI N
2013) If the watch is to be worffor longer than 14 days, the epodeeds to bencreased to

two minutes to allow longer battery life¢ K A & Rffe& dafa®allected other than the

Oz2tt SOUA2Y Pagmeit#idly @SNRI 6t SYPI adzNBE 2F NBailt Sa
via theactiwatchesacceleromete hence conservingoattery life compromises recording this

variable. Howeveilfragmentaion indexis nota fundamental sleep variable to be measured

so can be omitted if requireavithout affecting overall data collection of key sleep and

movement behaviour variables.

For all projects reported ihapter6, nocturnal and diurnal sleep wasptured along with
diurnal activity patterns. The time between switching the light off, to sleep and wpkeas

marked by pressing a single button once on the face of the actiwatch (Sedeh ZRlg&p
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structure was assessed by discriminatitigie to bed (TTB)time in bed (TIB), get up time
(GUT), total sleep time (TST) and sleep latency (Sllg¢ep quality was determined as sleep
efficiency (SE) and fragmentation index (FI) in accordance with Hausewath{2014) and
diurnal activity was assessed by time spent immobile (%) and mobile (%) during waking hours.

Variables are described in Tald.1

All variables weréerived from theActiwatch software algorithm Sleep and daytime activity
characteristics were assessed in both domestic (UK) and overseas (OS) environments,
including sedevel (SL) andltitude (A) training camps. For overseanalysissleep and

activity markers were recorded from day two to allow for travel transition and time zone shift.

5.5 Subjective assessment of sleep

In terms of subjective assessment of sleep there are five questionndietailed inChapter

6) which exist that can provide a spectrum of assessment of subjective perceptions of sleep
(Horne & Osberg (1976, Buyesseal.,, 1988, Johs, 1990) The primary benefit of such
guestionnaires is that they adargelysingle answer onlyso athletes aranot laboured with
having to complete them daily. The questionnaires are primarily retrospective with
participants reporting on typical sleep patterns, disturbances, or behangso(e.g., sleep
habits/hygiene, sleep quality) over a specified time peri@g., 1 week, 1 month)
(Lewandowskiet al.,2010) The broad spectrum of questionnaires and their individual focus
YSFya | O2YLINBKSYaAaA@dS adzonaeSOGA@®S FaaSaavySyid
and quality through to selperception of sleepcan be ascertained reasonably efficiently.
Whilst limited athlete specificsleepguestionnairesexist(e.g. Samuelst al., 2015 Drilleret

al., 2019, | felt advising practitionersf anarrayof establishedsubjectiveclinical sleep tod
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(questionnaired, which provided a breadth of informatioof anA y R A @dleRpjzvaénora

impactful than a singlathlete specifiquestionnaire.

Questionnaire measures can be used alone or in conjunction with other sleep assessment
tools to provide acomprehensive examination of sleep (Lewandowskial., 2010). A
principle advantage being thaeélative to objective measures, subjective sleep instruments
have been the most practical tools used to identify sleep problems and assess responses to

interventions in both research and clinical settings& Liu2016).

Disadvantages of such quesinaires arethat@ 2dz | N NBft @Ay3a 2y |y Ay
2F GKSANI 2¢y af SSLIo CKA& A& LINRBPOf SYflerdaAO | &
from objective measuresvith the benefit of enough sleep verses insufficidog¢ing a

perceptual one. Further, n terms of athletes, asking them to complete questiaireds

another demand on their time and can be interpretad being too intrusive. Whilstthese
GSNBY QU &LISOATAOLN f f elite StetstRey Sare ulilised a8 partofzhbl] &6 A (
PhD | was supervisiragd aredescribed irChapter6 as part of a methods afptimal practice

section

Through subjective and objective field measurgsort science and medicine practitioners

Oy y2g YSIadNBE KAIK LISNF2NXIFIyOS |GKftSGiSaqQ a
living settings. As a result, practitioners can now quantify recovery timeglaakeful hours,

investigate sleep hygiene practice®(all environmental and behavioural aspegpi®ceding

sleep) and quantify the quality of their sleep. Therefore, sleep can now be characterised in

the environment of the person being assessedis Tilas implications for not only the recovery
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practices of high performance athletes, but also their susceptibility to illness, injury and
overtraining and consequently time lost training. Further impact will be to the interventions
imposed through sciemc and medicine practitioners e.g. nutrition, medicine and
performance lifestyleand the impact of fatigue management dH2 K | Takesh tdWA y Q
models Examples of projects withgports summarising some of the above impact and

effectiveness of fatigue nmagement practices are outlined in the néhapter
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Chapter6. FatigueManagementProjectswithin the UKHigh PerformanceSport Industry
and Methods ofOptimal Practice

6.1 Introduction

Chapter5 outlined the quantitative and qualitative methods of measuring and assessing
FOKESGSQa FIFGAITdzS leap lard SvvBmeit behdvibiE dizdckaptér K S A NJ
presents a narrative of my fatigue management strategy within the UK high performance
system; specificallywithin the EIS, how knowledge has been disseminated and also provides
executive summaries of pioneering fatigue management projects that have been conducted
in the field of high performanceport It is a pragmatic approach to providingraxed
overview of some perspectives on sleep from a fpghformance setting. Such projects are
scrutinised for the impact osports programmes and the influence on and benefit to the
practitioner leading the projects. Finallhis chapterwill also povide some methods of
optimal practice for practitioners conducting fatigue management projects. This will be
followed inChapter7 by a summary of the thesis, conclusions and future recommendations

for delivering an effective fatigue management strategy in edfiert.

One of the principlesportsused to exemplify some of my fatigue management projects and
a sportthat contribued greatly to my developmat as a physiologist and leadaithin UK
Sorts Sienceis British RowingTheyhaveconsistently, since lottery funding began in 2000,
been in the top five most fundesportsin the UKSportsystem(Table 6.). In terms of melals,

at the London 20120lympic Games, British Rowing experienced their most successful
Olympicsof all time where the team won a record nine medals after qualifying boats for 13
of the 14 events held at th®lympicrowing regattaat Eton Dorney. The medal haul included

four gold, two silver and three bronze medals with Great Britain finishingesoth rowing
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nation for the third successiv®lympicGames in terms of total medals. They successfully

defended this position in the Rio 2003ympicsand, in addition, have achieved first place in

the medal table at successive World Rowing Championsipagh2007-2015 (total medals

won).

Table 6.1 UKSportQ a
(UKSport, 2017)

02 L) T A dSportsdiing thetSgryiey ® Rokyo Olympiads

SportOlympiad Sydney* Athens* Beijing” Londor® Rio® Tokya"
Athletics £10,600,000 £11,400,000 £26,513,000 £25,148,000 £26,824,000 £27,136,245
Cycling £5,400,000 £8,600,000 £22,151,000 £26,032,000 £30,565,816 £25,980,427
Rowing £9,600,000 £10,600,000 £26,042,000 £27,287,000 £32,622,862 £32,111,157
Sailing £5,100,000 £7,600,000 £22,292,000 £22,942,000 £25,504,055 £26,231,379
Swimming £6,900,000 £6,400,000 £20,659,000 £25,144,000 £20,795,828 £21,742,914

* Figures for the Sydney and Athens Olympiads relate just to Podium level funding. During that time, the home
nation sportscouncils were responsible for supporting Development and Talent level activities

A On 1 April, 2006 U8portbecame responsible fatl Performance funding from Talent to Podium and these
figures reflect that total package. These figures also include the c&gtarfs Science adedicine provision
not previously incorporated as part okportQ a

6.1.2 Athletepopulation

As described iChapter2, 1 KS WSt A

A a

O2YyFTANXSR

I a

described earlier in Chapter 2

The majority of d& provided in theeportsof Sport€®) LINR 2 S Ol a

Fdzy RAy 3

i A

y $a

F g1 NR

aQ

Wwadz00SaaTdzA

27

iKS

- 0KE SGS

atsSvya

LJ2 |

St A étélqols@ad2 NRA y 3

TNRBY |

Team (BRT) population as | had a pridaiple in theirSports Science aridedicine teanfor

three Olympic¢Paralympicycles.In addition the impact oevolvingthe fatigue management
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concept to the UK high-performance industryand an illustration of the successand
refinementof the work with British Rowingyill be exemplified through projects with other
gports. In all cases, the data collection and analy$isl@ep and waking movement behaviour
variables formed part of my daily work programregher with the BRTor asa technical

leadPhD supervisowithin the EIS.

6.2 Fatigue management pilot work British Rowing

la LI NI 2F .NAGAAK w2gAy3Qa LINBLINXGAZ2Y F2NJ
rowers fatigue management through sleep characteristigsaftity and quality)and

movement behaviour profilesThisF 2 N¥ SR LI NI 2F Y& NBnioS | a
physblogist andas technicalead for the EISTherefore,it served as an initial introduction of

fatigue management to my work programme and ultimatidg EIS and widendustry. My
FaaSaaySyid 2F NBgSNBQ atSSLI YR Y20SYSyid 068
fAGSNI GdzNBE NBLRNIAY3I NROSNBRQ a KIFEI@Ay3a GKS f
latencies, but highest sleep efficiencies (time in bed/time ggjecompared to a cohort of

other athletes (Leedeet al,, 2012).

Below is a brief description of the pilot workompleted. A specific description wfy more
comprehensive British Rowing projects relating to fatigue management are provided further
in this chapter This is also where executive summaries of o®gort) LINEh&@ Svias a

involved withare presented.

In 2010, the concern within the British Rowing science and medicine support team was that

in the preparation phase for the London Z0iomeOlympicE N2 6 SNBE Q SEGSNY I €
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to training (e.g. media demands) were, if not managed correctly, potentially a detriment to
ONFAYAYy3a YR dzf GAYIFGSt@ LISNF2NXYIYyOSo ¢ KSNE
assessment of sleep characteristiandmovement behaviouprofiles, were identified as a

dza ST¥dzZf YSIya 2F OFLWdz2NAy3a RIGIE 2y GKS NRBgSNZ

training environment.

| conducted my peliminary work on seleed rowers over a period of two weeksRowers

were selected by myself and the NA (i A & K ChieR2ChdctiSendaMenas those in the

Seniora S y'f@udad who were fully fit, (i.e. achieving the training programme daily) and also,
highlighted by the Chief Coach, going to attend upcoming trginamps.There was no prior

sleep or movement behaviowdata on any of theowers | had a tiered approach toapturing
dataand- yIF f @aAy3 GKS NRgSNRaA a4t SSLI YR Y20SYSyi
the limited number of actigraphy unitsIRa | @ Af 6t S (2 YS OSNHEdzA
0S 1aaSaaSR® L LINA2NARGAASR GUKS 2NRSNI 2F N
(e.g. those athletes who consistently reported subjective poor sleep) plus discussions with the

Chief Coach &nior Men).

Quantitative assessmentvas accomplished using standaadtiwatches (for methodology
refer to Chapter50 @ PaAAy3 GKS FTOOAgl GOKSa G2 OF LI dz2NB
fatigue management, allowed me to objectively assess their globabvery strategies.

Through this pilot project, | demonstrated the practical reality that limited normative
202S0GAQGS RIGlI SEAAGSR 2y StAGS NBOGSNBRQ O yF
or movement behaviour. | also established a lacktblete/coach knowledge and awareness

of fatigue management techniques in relation to sleep and movement behaviour.
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Consequently, thigitial bespoke pilot project in an isolateport, highlighted that, although

an unknown and limited explored entitgthlete sleep and associated movement behaviour

should be routinely assessed. This point is enhanced Wamsider sleep is frequently used

asad dzo 2SO0 A DS YI NJ SN Ay (deiSg whefillafn@anitodng thekr |y |
responses to traimg and competition. This opinion was enhanced through communications

at the 2013 American College dbportsMedicine Annual Conference. Here | listened to

several presentations on sleep and was motivatedotiserve thata common theme

throughout was that there were not enough specific studies on sleep and athletic
LISNF2NYIFYyOS yR G(KIG GKA& ¢l a GKS ySEG WiKSY
attention (Trek, Colwell and Esser 2013his has been substantiated through a recent survey

which my PhD student performed and fourmhly 40 % of 3450lympicand Paralympic
athletesreported having received any education on sleep (Gupta, 2015). Reasomshat

sleep istraditionally not explained to athletes in terms of architecture, behaviond a

measurement techniques.

Therefore, he initial pilot project with British Rowingarallel with discussions in the field of
academic sleep literatureset the scene fome to further pioneer and investigate fatigue
management knowledge, strategies canmpact within the UK high performancgport
industry. Whilst other physiological variables were objectively monitdredt quite strongly

that fatigue management was an area to be captured and explored in the elite athletic

population.
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6.3 EIS fatigue management research

Following on from my initial work with British Rowing, the overall TeamGB success of the 2012
Olympicsand through communications with peers and academisjggestedhat formal

research channels within the EIS shouldlivected towards the area of fatigue management

and athletic performancé.e. a PhD focusing on sleep and athletic performanggejhe time

L 61 & LINI 2F GKS £ SIFIRSNBKALI GSIFY NBONHzA GAY:
PhD modehs part ofthe physiology strategy for the 2016 Rio Olympic cySkecuring the

generically titled8eep and Athletic Performanc®hX) involved presentingmy ideas as

evidenced by my pilot studies, discussions at international conferences and with professors
within sleep academido the then ElDirector of Sport ScienceMy ideawas supported as

firstly, 1 could demonstratehat whilst high performancesport practitioners, coaches,

athletes and academic research groups recognise sleep as a critical biologitianfurarely

had there been a focus on capturing data to inform athletes about their fatigue management
strategies. Secondly, there was limited academic research irexistgarding sleep,

associated movement behaviour and athletic performance, soeésent £ € A G 6l a |y
area in the appliedportscience and medicine industry, yet it had a potential impac¥diat

it takes to wirf¥actors. As discussed @hapterd~> | a SIF NI & Fa GKS mptnQ
performance were analysed but not the extent nor level of detail requiredAlso,| could

see through my pilot work and discussions aatt international conference where | also
presented on an aspect of sleep and athletic performdndbat there would be a

demonstrable benefit to trainingn performancehrough educating athletes and coaches on

fatigue management strategiesExample strategies being improved sleep systems and

| presented at theAmerica College of Sports Medicine Confere@3M2013) onBleep Characteristics and
Quality from Domestic and Overseas Training Environments in Paralympic Rowérs LILJISY RAE o0 ®
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hygiene, nocturnal sleep, sleep extension, or combating circadian rhythm disruption.
Subsequentlyl was able todemonstrate such benefitso training amd performanceand

examples of this argrovided later on irthis chapterand inChapter7. Therefore] was
4dz00SaafdzZ Ay FOljdZANAY I Fdzy RAy3A T2Nhe&lIBRS W{ f
oneofsevenphaAz2f 238 tK5Qa gAUGKAY GKS O9EBSEPM | yR

studentship (20132018) of which | was a esupervisor.

I NAGAOIE G2 GKS adzO0Saa 2F GKS 9L{ WwW{fSSLItK
cruciall found an academic who was not only respected in the area of sleep research and
could provide appropriate counsel to the successful applicant, tha also understood the

world of high performancesport This process was a learning curve and at times akin to
finding a needle in a haystagkven academics with a grasp of what high performasyert

involves and the realities of working as a practitioner in the applied field are scarce.
Fortunately, | was successful in collaborating with Professor Morgan of Loughborough
University who was an outstanding academic supervisor candidéa&inghad a careefong
research interest in human sleep, in 2005 he set up @imical Sleep Research Unit at
Loughborough University whetwe is currentlyProfessor of Psychology and Director of the

Unit. He specialises in the origins, assessment and treatment of insctgp& sleep
disorders, and interelationships between sleep quality and elport. His publications
include over 150 scientific papers and several books and he is a Fellow of the UK Academy of
Social Sciences, an associate Fellow of the BPS, has seareddssor to the UK Medicines

and Healthcare Products Regulatory Agency (MHRA) and National Institute for Health and
Clinical Excellence, and is an Associate Edit@&ebfviouralSleep Medicine Crucially, he

alsohad previous experience of working twihigh performanceport on the topic of sleep.
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Professor Morgamvas integral to the establishment and success of the EIS sleep and athletic
performance PhD and we successfully recruited a PhD candidate in July 2013. From their
research, severahnovative studies involving sleep and elite athletes have been achieved

alongside a leading review article produced ttoe SportsMedicinejournal (2016).

Parallelto my establishmenbf the EIS PhD in sleep and athletic performaneas the fact

that appliedresearch in thesports sciencendustry had critically evolved over the last three

decades. Consequently, as presente@lvapterl, there have been significant developments

in the impact of sports scienceand practitioner input within Sport€®2 LIS NJF 2 N | y O
LINE IANF YYSao L 60StASO®S GKS FaasSaavySyad 27F I
associated movement behaviour data, is a product of this surgparts scienc@ractitioner

support to high perfamancesport programmes.

6.4 Dissemination of knowledge

In evolvingthe new concept of fatigue management, one of the first steps was to disseminate
knowledge as to whawith and why we were promoting and researching this concgpten

that my proactvenessin developing a method of fatigue management was being extremely

well received by coaches and athletes and likely making a difference to their performance,
alongside supervising KS 9 L{ Waf SSLJ I yR it wasfingartar® to LIS NJF 2 |
engae and educate G&orts and their practitioners as widely and quickly as possible. This

proved quite a change orientated issue, particularly due to the fact that this was not a topic
traditionally allied to the area of physiology. Coupled with the teahat up until the

inception of the EIS PhD, there was very little attention placed on the concept of fatigue
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management. Consequently, dissemination of knowledge for awareness and development of

practitioners, athletes and coaches was essential inirtiteal stages of the project.

The preliminary platform for introducing the concept of fatigue management, through sleep

and movement behaviour analysis, to the UK kaginformancesport network was at the

2013 EIS National Conference. Here invite@gkles from Home Counti§portsinstitutes

(HCSI), National Governing BodiesSpbrt(NGB) and EIS practitioners were in attendance.

All EIS staff were invited to submit forum ideas to present to conference delegates and |
successfully applied to preseatforum to introduce the concept through a forum entitled

Wt SSLI YR FGOKfSGAO LISNF 2 NI yrieSsessidn ainfedizftod A RA &
describe and educate muitiisciplinary practitioners as to the principle areas of interest for

fatigue management from a psyciphysiological perspective. Further, the aim was to

develop awareness of the technologies available tofadada S St AGS | GKf S S
associated movement behaviour and update the audience on current work within the
institute. The expectation being this would enhance the impact we had as a network of
multidisciplinary practitioners on fatigue management aségies, through gaining
consistency of message, collaboration and quality assured practice, coupled with

development of technology utilised.

The impact of the forum was twofold. It encouraged dialogue about the topic between
practitioners withinthe H { LY bD. Qa IyR 9L{ YR AYONBI aSR
advice on sleep from 2013 onwards. Given the following year involved both V@tyepics

and CommonwealthGames (2014), severdportscompeting in these events acted upon the

forum and requeted input to their own fatigue management strategies (e.g. Great Britain
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short track speed skating and England Netball). These requests also provided an excellent
opportunity for the PhD student to efficiently and effectively upskill on methodologies and
technologies available to assess sleep and movement behaviour. Specifically, they needed to

become proficient in objective and subjective assessment methods, understand sleep data

using appropriate software and identify different means of disseminatifaynmation back to

coaches and athletes e.g. bespoke individual feedback, infographics and generic workshops.

As a follow up to the 2013 springboard forum event, and as a consequence of requests

0KNRBdZAK2dzi wnanmn T2 N WLIS NFHgaeNdvahagemént, adedideéd) & 2 y & Q

workshop targeting practitioners currently using or planning to use sleep and movement
behaviour assessment was warranted. | was particularly mindful at this point that we would
receive requests regarding fatigue managemestitategies for the upcoming Rio 2016

Olympicsand Paralympics Therefore, in 2014 myself and the PhD student presented a one

day workshop with the principle objectives being:

To provide:
1. context to the new area of expertise: fatigue management (sleeg movement
behaviour assessment)

2. ONBIR 2@0SNIBASs 2F Odz2NNByid NBaASINDOK
LISNF2NXIFYyOSQ o0Se3d gKe AUQa AYLERNIFYy(:Z

3. practical examples and models optimal practice for measuring andanalysing
athletes fatgue management strategies

4. an applied focus to research projects involving sleep, movement behaviour and elite

athletes
5. future directions for research into fatigue management and athletic performance

This proved a successthe sense that workshop attendees were positive about the learning
objectivesachieved and it had upskilled myself and my PhD student in disseminating technical

knowledge about sleep and movement behaviour. The workshopgalge me further ideas
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to evolve the concept within the higherformancesportindustry, e.g. recommendations for

optimal practice and these are presented further on in the thesis.

During the next phase of the evolution of the concept of fatigue managephevds absent

from my E$ role due to maternity leave. However, mysupervision of the PhD student
continued and a principle piece of work we designed and conducted during this time was an
online questionnairgthe validatedPittsburghSleep Quality Indeguestionnaireg refer to
Chapter Sor more detai), to all summer and winte©lympicand Paralympiathletes in the

UK high performance system. This was an unprecedented piece of work involving good
communication skills and negotiating skills with ttentified sportslead contacts in order to

gain access to the athletes. In all ov€04183 female) elite British athletes (mean age 26.5
+0.7) completed the guestionnaire from Z2Aympicand Paralympicsports a monumental
achievement in the world of higperformancesport Gaining access to the athletes and
having such a high response rate was a result of some of my own professional relationships
with personnel in thedJKhigh performance sport industry and a credit to my PhD student
who worked hard taestablish good working relationships with the necessary people, in each
spott, in orderto havethem help engagend gain access tihe athletes to complete the
guestionnaire. Principle findings from this piece of work are described further othis
chapterF YR KSfLJ 42 LINRPOGDARS OdzZNNByid SOARSYyOS 27

sleep.

In 2014, in addition to the PhD research, we ran workshops which were designed using EIS
intellectual property and expertise. These workshops were a iptinariver as to the

increased impact the area of fatigue management was having in the UK high performance
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sportsystem. The workshops were designed to educate and disseminate information about

the topic of fatigue management tsport governing bodies ipreparation for the Rio 2016

Olympic and ParalympicGames. The first, was a workshop to the BritRaralympic

1 ' 3a2O0AL (A 2y Sléep to WinAn $hifaductioh t&Fe€p MEnagementRaralympic

SporQQ ® waé Bohdiicted three times so as to engage with as niaralympicsportsas

possible and aimed to raise the level of sleep literacy across spmfits Topics discussed

NI yISR/ZINWBIYE Yaf SSLIQ (2 WK2g aft SSLI Ay TthedzSy O0Sa
vulnerable athlete and importantya A 3y Ll2 adAy3adyY K2g (G2 NBalLRyYyR
Whilst Iwas notinvolved in direct presentation at the workshops (due to maternity leave), it

was my contact withProfessor Morgan and the introduction of the cormpteof fatigue

management to the EIS which prompted the workshop initiative.

Feedback from the BPA workshops was positivéhat the Sports found the information
useful and impactful to their Ri@lympic Games 201lanning.Consequentlythis led to

many more requests for information regarding fatigue management strategies for Rio 2016
preparations. Therefore, a further initiative to address practitioners with a specific interest

in fatigue management strategies was established. This was in thedbamwoadshowof
workshopstargeting key areas in the EIS network where maximum impact in disseminating
information regarding fatigue managemesirategiescould be achieved. The objectives of

the workshos were threefold, firstly to upskill relevant pectitioners, system wide, in the
fundamentals of sleep assessment, basic sleep literacy, and collecting and analysing useful
and meaningful sleep data. Secondly, to serve to strengthen thegagbrmancesport

system around the topic of sleep, and thédl (02 LINBASNIBS (GKS GAYS (K

were spending dealing with athletes for the most challenging, important and impactful cases.
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The workshops contained three presentations; 1. understanding sleep, 2. sleep spelite
training, travellingand competing and 3. managing athlete sleep: a stepped approach. The
presentations were aimed at th@lympicSoorts, giventhat the BPA had previously received

a workshop. Feedback from the delegates was positive, the presentations were useful and

enabled practitioners to apply their nefound knowledge of sleep to their daily role.

6.4.1EISHierarchy ofNeeds andDecisionTree

As a consequence of disseminating knowledge around the network regarding fatigue
management there was an influx of regsts from Sports and theiBports Science and
Medicine practitionersF 2 NJ  a3AaGFyOS Ay YSIFadz2NAYy3 | yR
associated movement behaviour. This increase in requests for support built momentum over
the period of the Rio Olymepicycle and in 2014/15 there were more requests than | and my
PhDstudent could effectively and efficientjeal with. The demand for our knowledge was
amplified not only by summer Olympic/Paralymgiorts preparing for the 2016 Gamedsut

also bysportsinvolved in the 2014 Winter Olympics and Commonwealth Gargssentially

over a 2 year period (2033015)we evolved from a single sport expressing an interest in
generic sleep measurement and analysis, to the majority of sports in the UK high perfermanc
sport system requesting access to our knowledddiis amounted to approximately 2fb
sports. As aconsequenceof the increased requests for specifgport related fatigue
management knowledge, weot only delivered workshops, butlso developed @ EIS
Wikrarchy ofNeed<dvhich established a process to manage requests for advice on fatigue
management knowledge and strategies. Figure 6.1 displaigshtararchical approach
designed for the measument and assessment of sleep and movement behaviour in high

performance sport Fundamentally this is fourstep processranging from the initial
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upskilling of practitioners within theiSportswith knowledge of how and what fatigue
management is, to howo measure and assess sleep and associated movement behaviour
and finally to referral to clinical expertiseThe ElSHierarchy ofNeeds, andDecisionTree
(illustrated in Figures6.1 and6.2 respectively, also demonstrate the need for flexibility in
providing support to practitioners and Sports with regards to sleep and movement behaviour
projects. Whilst we had a generic format for the workshops delivered, we had to adapt

according toSoorts individual requirements e.g. timescales to competition.

In terms of first principles, level one of the hierarchy of needs process focusses on the fact
that, in general, practitioners comprehend what the concept of fatigue management is, what
sleep and movement behaviour are and how they can impact on what it takes factors.

In short, practitioners gain an appreciation of normal sleep regulation and its potential impact
on What it takes to wifXactors. Specifically, level one in the hierarchy of needs means
physiologists gain absolute understanding of wisédep is and how it is physiologically
regulated. An appreciation of other factors governing sleep is also advantageous e.g.
psychology. Subsequent levels address the level of measurement and assessment and

ultimate requirement for referral for clinicahanagement.
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LEVEL 1

LEVEL 2

LEVEL 3

LEVEL 4

wPractitioners in

wWithin a sport

wldentified poor/

wReferred for

sports poor/vulnerabl vulnerable clinical sleep
equipped to e sleepers are sleepers are assessment at a
collect identified and equipped with clinical sleep
appropriate unique sleep bespoke research unit
sleep and challenges interventions
movement explored (i.e. based on prior
behaviour data competition, assessment
and manage travel etc.) wDetailed
basic sleep wObjective and objective and
education and subjective subjective
literacy issues analysis of analysis of
wGeneric sleep sleep
workshop wComparison wComparison
provided to with normative with normative
MDT* data of athletic data of athletic
sleep sleep
(databa®) (database)
wBasic wSleep
intervention management
workshop programme
provided to a provided by
sport MDT*.
wRefer to Interventions
‘guidelines for including but
enhancing not exhaustive
sleep of.
behaviour' wlntervention
advice workshops
e.g.sleep
hygiene
education
cognitive
procedures &
relaxation
wSignposting
for additional
help e.g.
Clinical
expertise
required

Figure 6.1 AHierarchy of Needs for the Measurement andAssessment ofSeep and
Movement Behaviour inBHite Soort

*MDT - multidisciplinary team supporting athletes e.g. physiologist, psychologist, nutrition,
medic, physiotherapist
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Outputs from a hierarchy of needs process ensures practitioners can identify and ultimately
anticipate specific challenges to an ath®& T+ G A 3dzS YI yIF3ISYSyid oSo3
and consequently prepare a constructive response to an athlete's issue with fatigue
management. It also helps to safeguard athletes in that practitioners can potentially identify

the athletes who are vulnetae to poor sleep.

The above points fall under a comprehensive physiological support programme of delivery to

a highperformance sport programme, but also rely on collaboration within ttsports

Ydzf GARAAOALI Ayl NE adzLILR2 NI GSIFYd { dzOK O2f t I
{fSSL) alylF3aSYSyid 5SO0OAadA2y ¢NBSQ®d ¢KAA ¢l a R
suitable decisions in relation to fatigue management process for theietthl Figure 6.2

illustrates the various decisions that need to be made and the subsequent level of support
GKFG adzOK RSOA&AA2Ya RAOGEFGS F2N) 6KS Kt SGS
whether using a proactive or reactive approach to fatigugnagement. In essence, Figure

cPH NBLINBaSyita GKS WgKIG YR K26Q 2F at SSLJ

the potential problem and how can we find a solution to it.
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Have you baseline data of slee
and/or movement behaviour

: / from yourathletes? \

Establish base line data throug
—2vieL 4 subjective questionnaires and i

appropriate objective analysis

\ 4
lFa Iy FGKESGS NBLR2NISR | af SSLI LINRo6E S
symptomatic of poor sleep ananifesting fatigue?

\ 4
Is the problem > Have the athletes or > \l/
acute or chronic? Acute practitioners received any form N
of sleep education? LEVEL 1
LEVEL 2
Chronic <|\>
Have you tried any interventions i
the sleep management tool level
—_—
v one or two? Solution
Has currenmonitoring data or \ achieved
the athletes sleep been /
specifically analysed?

QN ([ EVEL 3

LEVEL 4

Refer to clinical —>
pathway

Figure 6.2 EIS Sleep Management Decision Tree
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In 2016, parallel to these initiatives and the PhD development, | evolved fatigue management
in a wider context and started to analyse more of the movemeshaviour data. Thjd
presented at aNational Conference BASES 2016), wheftewas awardedhe Routledge
Recently Qualified Researcher Free Communication Presentation Award.(Z01éproject

is outlined in more detail in the next sectiontbfs chaper.

6.5 Fatigue management projects

In order to exemplify the succesand impact of projects within British Rowing and the
consequent refinement of the fatigue management concept throughrefiection of the
rowing work,l shall now provide specific examples of projects involving diffeseoits and

their requirementfor fatigue management input.lt was the intention in the highlighted
projects to capture descriptive data on the sleep and movement behaviour characteristics of
elite athletesand, thus, create a normative database for elite athlefeséeepcharacteristics
(quality and quantity) Certainly all the projects described below have provid&gorts
Science andVedicine supportand coaching staff with previous unreported, unused and
unrecognised quantitative and qualitative information on the glegharacteristics, quality

and movement behaviour profiles of high performance athletesall cases presentetiwas
sensitive to not highlight sleep as a potential performance related igheeaim being to have

a positive view that establishing basel measures of sleep quality and quantity and
movement behaviouwhichg 2 dzf R 6S dzaSFdzZ (2 | aLBR2NIAQ St A
could aid interventions should athletes report poor management of fatigdeel that this

has been pioneering in its dity to provide novel information to elite sports programmeasd

was in accordance with Winter & Maughan (2009) who discussed that, in the context of sports

science, there may be exceptional circumstances where retrospective analysis of data could
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provide pertinent information for a host of performance matters.g. talent identification,
growth and development of athletes and training or other interventiomlrough describing
projects involving fatigue managemelralso intend tallustrate thevarietyof projects where

fatigue management had an impact 8hhat it Takes towinCfactors

Two particular case studies are reported below inspertof Rowing.These discreet studies
were part of my usual work programme in my rolesasiorphysiologistfor British Rowing
Fatigue management projects fitted into my physiology role as it provided me with ownership
of a technical area which | could lead on andséminate knowledge and findings to the
athletes, coaches and support staffhe case studies are identifi@$ having impact to the
British Rowing Tearm terms of characterising sleep quality and quantity and movement
behaviour in an elite rowing populat2 y* ® ¢KS FANRG OFasS addzRe
movement behaviour in two conditions; domestic (UK) and overseas (CAMP) training
environments. The second case study provides objective data to support perceived
RATFSNBYOSa Ay IsBogr&bldntine)whed Soisasing two ligirg locations.
Following on from these projects are examples from ott&ports involving fatigue

management assessment and interventions.
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6.5.1 British Rowing Project 1. A comparison of sleep awdking movement behaviour
characteristics of annternational Olympicrowing squadin domestic and overseas training
environments.

L ale¢g @FtdzS Ay 02ttt SO0AYy3 Y2NB NRodzad RIGI
variables following preliminary investigatons K6 . NAGAaAK w2gAy3 GSt
movement behaviour in 2010. | envisaged assessment of these variables could be developed

into a more structured and proactive approach to characterising and developing normative

Gl tdzSa 2y StAGS NpahByNEdMowdhedtSdhavipudz t A de | YR

The needidentified by myself and key personnel withithe British Rowing science and

YSRAOFT GSIFY F2NJ LINPFAEfAYy3a | NBogSNRQ Tl GA3d

behaviour characteristicsvas varied. Typically, rowers were either referred by medical

personrel as there was a clinical need to assfatigue or there was a request from athletes

or coaches for more information relating to their sleep or more global recalesyto training

load management issuegimplications for underecovery, underperforming, training

adherence) Sometimesathletesreported dtitude related sleep problemdor example the
NAGAAK w2gAy3a YSyQa aSyAz2N G4SIY GNF @St (2

highest altitude they train at is in Sierra Nevada at 28%@res above sea level. It is on this

camp where ravers had previously reported problems with sleep.

Whilst these needs were reactivé,identified that there was no bjective data to verify
perceptions of poor sleep ahak underrecoveryand | wanted toproactively establish
baseline data (at the stadf a season) of sleep and movement behavimud understandhe

current fatigue management state of rower3his concept wakd and innovatedy me in

the sense that no coach or athlete had asklkd support staff anyspecificquestiors about
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sleep but | fundamentally believed it was a concept worth exploring and gaining more

information and data on, particularly within the elite rowing population.

A specific project in 2013 was approved by tBeief Coach éRior Men) to assess sleep
characterisics of . NA (0 A & K oper2 welghf 3eRiar YSy Qa &ljdzZa R Ay (KS
environment (UK) and compare it to that of an overseas training environment at altitude
(CAMP). This was significant on two counts. Firstly, there had never been a study
investigatingd KAa GAUGKAY AYGSNYFGA2yLEFE NRBGgAYI 02N A
Chief Goach was world renowned for successful rowing performanc&lyanpiclevel and to

establish his acknowledgement of fatigue management as an important issue toigawes

and report back to athletes and coaches, was a significant reflection of our practitoaeh

relationship.

The study involved 11 male competitive rowers (26.2 #Z1 97.9 5.7 kg). Sleep
characteristics were assessed in both a domestigzirenment (UK) and at an overseas
altitude training camp (CAMP), using rRdaminant wrist actigraphy (Actiwatch AW2, Philips
Healthcare, UK). Rowers wore an actiwatch for 21.4 £1.12 consecutive nights segregated by
9.7 £1.01 nights in UK and 11.7 £0.68hts$ in CAMP conditions. UK and CAMP sleep were
recorded from day two of each scenario to allow for familiarisation with the watch, travel
transition and time zone shift (GMT +1 hour). Sleep structure was assessed by discriminating;
time to bed (hh:mm)time in bed (min), get up time (hh:mm), actual sleep time (min) and
sleep latency (min). Sleep quality was determined as; sleep efficiency (%) (derived from
Actiwatch software algorithm). Movement behaviour was assessed by the percentage time

immobile ard mobile during active periods (calculated from thecelerometerin the
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Actiwatch). Definitions of sleep markers assessed are outlinédapters, Table 5.1 Mean
values from the21.4 +1.Iconsecutive nights of sleep data were used as the outconesone
for each of the sleep actigraphy variables. Analyses provided 95% confidence intervals for all

comparisons. Table Bdisplays the results for both conditions for the sleep and movement

behaviour variables.

Table6.2 Dataof sleep andvakingmovement behaviour characteristics of anternational
Olympicrowing squadin domestic (UK) and overseas training (CAMP) environments

Sleep Timeto | Timein Getup Actual Sleep Sleep Level of Level of
variable/ bed bed time sleep | latency | efficiency | inactivity | activity
Condition | (hh:mm) (min) (hh:mm) time (min) (%) (Immobile) | (Mobile)

(min) (%) (%)
Domestic 23:00 427.0 + 06:20 362.7+| 95+ 80.4 5.8 94.2

(UK) +0.09 73.1 +0.04 62.3vs.| 122 +6.7 +4.38 + 4.36

Oversees 23:20 428.2 + 06:28 350.6+| 188+ | 76.3+7.% 6.6 93.4
(CAMP) +0.02 37.3 +0.02 37.8 21.0¢ + 4.50 +4.50

*Statistically significartampvs.UK(P=0.00

Results suggest sleep structure, as indicated by time to bed (hh:mm), time in bed (min), get
up time(hh:mm) and actual sleep time (min) was similar between domestic (UK) and oversees
(CAMP) environments and not differtefiP>0.05). This is with the exception of sleep latency
(min) which displayed a significant difference with rowers taking less timetttogsleep in

the domestic (UK) versus oversees (CAMP) condition (9.5 £ 12.2 vs. 18.8 + 21PG-tid()(
Similarly, objective measurements of sleep quality showed rowers having improved sleep
efficiency in the domestic (UK) versus the oversees (GAMAronment (80.4 £ 6.7 vs. 76.3
+7.1) P=0.00. This was probably due to the fabat in an oversees environment (CAMP)
rowers share rooms, sleep in unfamiliar sleep systems (bed, pillow, mattress, bed linen etc.)
and environments (e.g. altitudepd tend to experience a higher volume training programme
There were no differences in movement

than in their normal domestic environment.

behaviour variables between the two environments, suggesting the nature of the rowing
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training day means rowers gelhé same opportunities to rest whether in domestic (UK) or

oversees environments (CAMP).

The above data enabled me as a physiologigMaluatethe differences in sleep quality and
guantity and movement behaviour between the two environments. Whilsstvariables
were not statisticallydifferent, the data provided valuable objective and previously
unrecorded data on an elite rowing population in two different training programme
conditions. Similarities in sleep structure were probably due to thetdiaining regime of
the sport of rowing and were concurrent with previously recorded findings in rowers
(although not as elite) (Leedet al. 2012, Kolling, 2015). This study also allowesl to
encourage and engage witreater multidisciplinary team @rking to proactively identify
interventions for improved sleep hygienr example planningspecificpre-sleepstrategies
and improved sleep systems (bed, pillow, mattresBurther, it helpedne to work closely
with the Chief Medical Officer and coaches tonegate the culture of pharmacological
interventions for improving sleep and improve alternative sleep hygiene pracépge(dix

4).
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6.5.2 British Rowing Project 2: Living location in relation to a centralised training venue
and associatednovement behaviour

After LN 2SO0 2y S> | FdzNOIKSN) ylfeara ola |faz
(sleep characteristics and movement behaviour) in relation to the distance lived from the
NEGSNEQ K2YS 201l (A 2ae.@ne gain IOv8syivirkidg tvitld @ake G NI Ay
competitive rowers (26.2 £2yt.; 97.9 +5.7 kg). Differences in sleep and movement
behaviour characteristics were assessed using the criteria ofmailéCadius cut off from the

centralised training venue ina@ersham, England. Athletes were placed into two groups;

greater than 30 miles (>30 mile, n=5) or less than 30 miles (<30 mile, n=6) from the centralised

training venue.

Sleep and movement behaviour characteristics were assessed in a domestic envitonme
using nondominant wrist actigraphy (Actiwatch AW2, Philips Healthcare, UK). Sleep was
recorded from day two of each scenario to allow for familiarisation with the watch. Sleep
structure was assessed by discriminating; time to bed (hh:mm), time irbied, get up time
(hh:mm), actual sleep time (min) and sleep latency (min). Sleep quality was determined by
sleep efficiency (%) (derived from Actiwatch software algorithm). Movement behaviour was
assessed by the percentage time immobile and mobilenduactive periods (calculated from

the accelerometerin the Actiwatch). Definitions of sleep markers assessed are outlined
Chapterb, Table 5.1. nithis chapter Table & displays the results for both conditions for the

sleep and movement behaviour variables.
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Mean values from the 9.%(.0) consecutive nights of sleep data were used as the outcome
measure for each of the sleep actigraphy variables. Analyses provi#édcBnfidence
intervals for all comparisons.

Table 63 Data of sleep and movement behaviour characteristics of for iaternational

Olympicrowing squaddiscriminated by thosdiving less than (<30 miles) and greater than
30 miles (>30 miles) from a cemalised training venue.

Sleep Timeto | Time Get up Sleep Sleep Actual Level of | Level of
variable/ bed in time onset efficiency sleep inactivity | activity
Location | (hh:mm) | bed (hh:mm) latency (%) time (Immobile) | (Mobile)

(min) (min) (min) (%) (%)
<30mile | 23:09+ | 436.8 | 6:17 +1:03] 6.1+9.8 | 80.0+6.37| 368.0% 7.3 92.7
1:12 * 58.6 49 49
69.6
>30 mile | 22.47 + | 419.0 6:26 + 13.2+13.7| 81.0+6.76| 359.4 + 3.8 96.1
2:59 * 00:58 65.1 2.4 2.4
73.3

*Jatistically significantf=0.00

In terms ofsleep structure and qualifyno significant difference¢P=0.05)were observed in

the sleep structure variables time to bed (hh:mm), time in bed (min), get up time (hh:mm),
actual sleep time (min) and sleep latency (min) in relatiohviag location. Objective sleep
guality assessment of sleep efficiency (%) also displayed no significant differero@9%)

in relation to living location. There was a trend for athletes living more than 30 miles away to
be asleep for less time (adl sleep time) and to take longer to get to sleep (sleep onset

latency) (Figure 6.3 and 6.4).

u Sleep Time (hr)

Mean >30m

Mean <30m

Distance from training
(miles)

45 5.0 55 6.0 6.5 7.0 7.5
Time (hr)

Figure 6.3Total sleep time in relation to living location
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u Onset Latency (min)

Mean >30m

Mean <30m I ‘

—

0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time (min)

Distance from training (miles)

Figure 6.4Sleep onset latency in relation to living location

Significant differences were observed in the waking movement behaviour variables. Rowers
who lived more than 30 miles from the centralised training venue received significantly
(P=0.00) less immobile tif 6 WR2 gy GAYSQU (KIy G(GK2&S fAQJAYy3
+4.9 % respectively) and consequently more mobile time (96.1 £2.4 vs. 92.7 +4.9 %). This
equated to those living more than 30 miles away having 41 minutes less immobile time over

the 2week assessment period than those wimbiabited within 30 mileswho had 79 minutes

of immobile time.

This discreet data analysis helpedhighlightwhat, as support staff, we already suspected.

It provided quantifiable evidence that rowers who livedther away from the centralised
training venue (> 30 miles) experienced less immobile time (downtime) during waking hours
than rowers living within 30 miles of the centralised training venue. A factor contributing to
this is likely to be the greater timegent travelling to and from training. Needless to say,
extrapolating less recovery opportunities (downtime) to a longer micro, meso or macrocycle
would have a potential impact on what it takes to win factors for individual roveegs

through potential over training issues
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In terms of sleep structure and quality variables there were no statistical differences
suggesting the rowing training regime heavily influences time to bed (hh:mm), time in bed
(min), get up time (hh:mm), actual sleept (min) and to a certain extent sleep latency (min),

but movement behaviour during daytime activities are affected by athlete behaviour.

An additional success from this project was the impatl knowledget providedto British
Rowing, and the wider UKigh performance industi C2NJ SEI YLX Sz GKS
of their sleep strategieor lack ofimproved as a result of the projects we conducted. The
projects alsdhighlighted the need for moractigraphy unitso be available within the EIS to
deploy for fatigue management assessment. Having roores meant a greater number of
athletescould be assessed at any one time, makiggm sport or whole squadnalysisof

slegp and movement behaviounore favourable Given the financial constragmofUK Sport

and correspondinglythe EIS, the fact we received sizable funding (cirtd080 for the
purchase of more actigraphy unifer the 2016 Rio Olympic cy¢ldisplayed the faith the
system had in me providing education and support to practitiorseerd sports on fatigue

management.

6.5.3 Additional projects

TheBritish Rowingexamples are just some of the projects completed with sleepvaaking
movement behaviour since 2010. The demand for projects beyond thatBritish Rowing

have involved adhoc requests for advice on performance questions regarding slightly
different applications relating to sleep and movement behaviour e.g. crossingefzones.
These projects were supervised by me and completed by the PhD student. They were justified

in the sense that whilst the projects were relevant for the Rio 20lyénpiccycle(20122016)
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they also had future implications for the Tokg@ympiccycle (205-2020) and therefore
warranted investigatiorthrough the objective and subjective sleep and movement behaviour
methods already describedlhe projects also served as an opportunity to gather preliminary
data forthe PhD research proposal and fie PhD student to gain experience in using sleep
and movement behaviour resources and technologi@dl.the projects described benefited
from reflection and refinement from the previously described rowing projects. In addition
they added to the develpnng databasethat | was establishing on athletic sleep and

movement behaviour characteristics.

6.5.3.1 Project 30Olympicpreparations

A principle project to stem frommy 2013 EISNational Conference forum on sleep and
movement behaviour was with GBanoeing.As part of my EIS technical lead role and sleep

PhD supervisorhe sport@ performance director asked me to advise on this project in order

for the practitioners and coaches tachieve a greater understanding of the Brazil holding

camp environrent (prior to Rio 2016know the challenges involved and be able to influence

future strategies aimed at optimising performance during Games time. In shorgpibe

needed to know if athletes responded poorly to travel and the camp environment and coul
GKA&a 0S AyTFfdzSYyOSR o0& SFTFFSOGAG®S &af SSLI aidNY i
preparation? Fatigue management through assessment of sleep and athlete movement
0SKI @A2dz2NJ 6 SNE ARSYGAFTASR | a 2yS 2F GKSasS wi
Therefore,l needed to compare UK arichining CAMP based sleep variabldsinvolved my

W3 f BhSsiudent in the projectin order to develop their analytical skills with sleep

technology devices and presentation of sleep variables in objective forrRatsher, this not
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only fitted into my work programme as supervisor to the sleep PhD, but also helped to
enhance my growing kndedge of sleep and movement behaviour and establishing different

means of disseminating data and knowledge to athletes and coaches.

The squad planned to travel to Brazil on a reconnaissance trip in 2014 and, using actigraphy

proceduresiescribed irChater 5, they wanted to understand several factors including travel

management (on flight care), volume load on day& fdost arrival, session number, recovery

intervals between sessions and strategic rest days post return to the UK. They also wanted to

understand the ratio of on water conditioning versus conditioning amdividual athlete

adaptability to travel fatigue and time zone shifiThe project timescale was the largest

analysis time scale we had completed to date using actigraphy. It invohaay4®f analysis

of 12 canoe sprint athletes including;

1. A 12day training camp in the United Kingdom

2. 1 long haul flight to Brazil with an ultimate time zone chariggbfuary, Brazil = 4 hours

3. il\g-lr()jay training camp iBelo Horizontgthe identified \venue for the Team GB holding
camp at the Rio 1016lympic$

4. A 10day window of analysis in the return home phase of the training programme

Particular challenges to the project were battery time of the actiwatches and ensiivéang

the athletes kept then on for the full duration of the project. This was overcome by setting

a longer epoch(1 minute)to record data in the actiwatches. This scarified obtaining

fragmentation index (restlessness) data but the principle sleep and movement behaviour

variablescould still be obtained. As a consequence of this prommtclusions were drawn

in the form of performance impact statemenit®m the sport in questionvhich areoutlined

below:
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1. Individual, group and coach feedback sessions facilitated conversatiomscaimpact of
recovery on overall athlete training adaptationFor example athletes were using
downtime far toofrivolouslyandtherefore not adheringto good recovery practice®.g.
shopping for hours on foat)Feedback sessions allowed them to see the impact of poor
downtime choices via their actograms and make the necessary changes in their behaviour
ahead of theOlympiccompetition phase.

2. Wlh NXA a1 Qerived #oim3hé Sléep data generatethy discrimiating key sleep
variables e.g. sleep efficiency and total sleep timere highlightedand provided with
T2t 2 ¢ fodakihgmrveeghygiene and optimising stress/recovery balance.

3. Datafrom the actogramsvas used by ta coaches and physical preptaom practitioners

to aid prevention in post competition/training illness strategeeg. planning appropriate
downtime.

4. Following atraining camp debrief, information capturetfom the actiwatcheswas
used to inform future trips to Brazil and update tk&B Canoe Performance Service
scope documeng.g. bng haul flights selection and timings were altered and a greater
SYLKIFIaAra ¢la LI OSR 2y AYRAGARdIZ f | GKfSGSa:
5. Data captured from the actiwatchesvas used to show a wider EIS impact in
partnership with the BritistOlympicAssociation (BOA) around Games services and

optimising performanceThis was particularly pertinent given the novel nature of the
data captured and interventions employed.

Thisproject also highlighted the agile nature of fatigue management assessment in that it can

0S Y2dAZ RSR (G2 lyeg A0SYINRAR2 NBAZANARY3I Fylfeanl
was notlimited to specific scenarios for analysis, e.g. a laboratoryremwient, which

allowed ecological validity to the project. It also displayed flexibility in the manner of project

management and being able to adapt according to the needs ofloet

6.5.3.2 Project 4: Subjective reporting 6f (i K f SeeS Q &

As part of my role as supervisortotkef SSLJ t K5Q ¢l a | ROAaAAYy3I 2y
findings from the PhD to the UK high performance sport system. Particularly impactful was a
novel project onducted bymy PhD student involved designing a pioneering-sgorting
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guestionnaire of over 400 British elitaulti-sportathletes (B3 female) age®6.5 £ 0.%r. of

which 78% wereOlympi¢ ParalympicCanmonwealthGames orsenior World Championship

level. The idea being that at the start of the PhD we identified that werditknow the

extent of the! Y | 4 Kf S{ A Gnowdigeddbout islaep lyh€lged the PhD student
establishthat this could be complete relatively simply viaan online questionnaireto all

available athletes in the UK high performance system. | advised the PhD student the best way

G2 I OKASQS spoias@ y DENY SR ¥R O2yaSljdsSyiate I|ff:
guestions relating tsleep and athletic @rformance.The project was presented at the recent

W{ f SSLI H N moam wisa vieS ohjective & tHehD studen® development plan

We categorisedportsinto five distinct areasteam, endurance, technical, combat and power

Global sleep quality was evaluated using the previously described Pittsburgh sleep quality
(PSQNCGhapters). For the PSQIgor sleeper thresholds of >5 and >8 were adopaed the
guestionnairewas augmenta with questions addressing nearstorative sleep, excessive

day AYS Tl GA3IdzSSE IyR K2g FGKESGSaQ aftSSLI KI 3
performance. Withirsport comparisons were made between gender, age groups (<23, 23

27 and >27 iy) and ablity (Paralympicvs. Olympid. We usedaCNRA SRYI yQa GSad
differences betweersporttypes and also relative risk (RR) for scoring >5 and 38S6)I for

sporttype, gender and ability were calculated. A significance level of p<0.05 was employed

(Guota et al. 2016). Our resultsdisplayed he median global PSQI score as 5 (interquartile

8 The Annual Meeting of the Associated Professional Sleep SocietiesR$E)(a joint venture of tienerican
Academy of Sleep Medicif@ASM) and th&leep Research Socid§RS).
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range=3) with a range from-17. The prevalence of participants scoring >5 was 45%, and

those scoring >8 was 16%SQI scores between sports can be seen in Table 6.4.
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Table 64 Relative risk betweersporttypes, ability, gender and age for scoring and >8 on

PSQIGuptaet al., 2016)

PSQI >5 PSQI >8
Risk factors Freq Risk 95% CI X2 | Freq (%)| Risk 95% CI X2
(%) ratio ratio
Sporttypes
Team 44 0.98 0.63-1.49 0.02 11 0.62 0.30-1.08 | 3.07
Endurance 45 1.02 0.75-1.39 0.01 14 0.80 0.48-1.35 0.72
Technical 52 1.36 0.90-2.04 2.14 33 2.58 1.76-4.10 19.6
Combat 49 1.18 0.76t0 1.59 | 0.24 15 0.93 0.40to 2.14| 0.03
Power 37 0.81 0.58t01.16 | 1.42 12 0.70 0.36t01.45| 0.98
Demographic
Paralympic 51 1.31 1.00 to1.56 | 3.77 27 2.57 1.66 to 3.99| 18.90
Female 44 0.97 0.78t0 1.21 | 0.07 18 1.14 0.74t01.77| 0.36
>27y 49 1.20 0.90tol1.44 | 1.59 25° 2.08 1.35t03.21| 11.24

Note 2 sig. diff. to all othessportscombined (p<0.05%;sig diff toOlympicathletes;® sig. diff
to athletes <27 yfreq, frequency; PSQI, Pittsburgh Sleep Quality Index.

We found that combatsport athletes reportedmore awakenings in the month prior to

assessment compared to teasport and power athletes (P<0.05). Technigabrt athletes

reported the lowest sleep efficiency compared to endurance and corspatt athletes

(P<0.05). From the entire sample, 15% statteat their sleep had deteriorated and 62%

stated their sleep had remained unchanged since reaching an eligd ¢évperformance.

Global PSQI scores for betwegmortstypes and betweersportscan be seen in Figure 6.5

and 6.6 (Guptat al.2016).
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Ourconclusions from this extensive questionnaire were glde sportis associated with high
levels of sleep disturbance, with differences being observed between diffeymmts We
reportedthat it is likely that the lower levels of athleticism required in technggadrtsallow

elite performance in these activities to be less influenced by degraded sleep dGaljyaet
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al., 2016). However, it is worth noting that a large proportion of athletéated their sleep

had remained unchanged since they had attained elite level status ingpert, suggesting

that good sleep quality may not necessarily be a prerequisite for participating irspbid

nor does it necessarily degrade it (Guptal.2016). Finally, it was suggested tRatralympic
sportsandsportswhich select for an older demographic (e.g. techrnsgairty are atagreater

risk of experiencing poor sleep quality, which has implications for targeted sleep management

(Guptaet al. 2016).

6.6 Impact and learnings: mthods ofoptimal practice to measure and analyse sleep and
movement behaviour

The projects described ithis chapter have impacted on the development of fatigue
management programmes throughout theK high-performance sport industry. British
sportshave actively engged in projects relating to fatigue managemeathelp best preare
them for international competition g. Olympicand ParalympicGames, 2016 and 2020,
Cycling World Championships, 20&idd British Gymnastics Worl@hampionship2017.
Practitioners within thesesports now regularly utilise technologies to capture data on
I { K dbjécBvé &nd subjectivdeep. | take immense pride in the knowledge thay initial
work with British Rowingand drive todisseminateinformation, knowledge and robust
scientific practices haspearheaded such a change in practice throughout thésports

sciencendustry.

Since the inception in 2010 of using rudimentary objective sleep measurement tools within
my work programme, the knowledge and capability to capture, analyse and provide

interventions for the enhancement of athlete sleep and movement behavasr evolved
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through multiple means. Most notable has been the strategic diredtiahl have taken the
topic, namely;determining methods fooptimal practice for sleep screening (measurement
and analysis), technical knowledge growth and disseminatipsskilling of practitioners as

to how to technically measure sleep and movement behaviour and the supervision of the PhD
in athletic sleep. Examples have been highlighted throughout the thesis, suSipaxts
projects, supervising research and leading apcesenting forums and workshops.
Significantly fromsuch work, several enhancements to fatigue management practices,
including good sleep education applications, $portshave emerged. | shall now elaborate

on some of these practices.

6.6.1 Normative dat

As a consequence @port) LINR 2SO0 a Ayg@2f gAy3a 202SO0GAODS
behaviour characteristics, | have been able to collate a database of hormative values not only
for a generic athletic population but for the various categories iniguch a population. As

an example ofjood professionapractice, | now have normative data on athletic sleep and
associated movement behaviour for gendsport-type (i.e. combat, endurance and team)

and different sleep environments (e.g. altitude uesssea level, centralised training versus

home environment). Itis hopethat i KA a RI GFo6F&asS 2F StAGS | (K¢

behaviour can be further scrutinised and information disseminated in a useful manner to the
wider Sports Science andedicinearena It is also valuable information which can be used

as part of asstrategy moving forwards and such a strategy is outlined furthénigachapter
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6.6.2 Optimal Practice

In considering the optimal practice faplving fatigue management problenitsis good to
recognsge the complexity of the environment one is working within. Whgractitionerscan
FR2LJI WoSad Ladinhard fddsels diub tisks2rdRasing tpfor example the
methodologies to assess sleep and movement behavibderea quality assured process is

necessary foconfidentassessment of fatigue management.

Where quality assurance is present but the problem or scenario requires some flexibility and
acceptance of being complicated or complex in its nature, practitioners should aim to provide
W32 2R LINGhi® & dnPlédenvironment, such as an elite tiaén programme,
practitionersobserveanalysis methods for understanding the problem, sense, probe and seek
out signs and symptoms of an intervent@rsuccess en route to a proposed solutiamilst
ensuiing flexibility pervades on thpath to the solution An example of complexiti in the
delivery of interventions to enhance fatigue megement of athletes Here,understanding

the problem (e.g. poor performance or poor sleep and/or downtime) is complicated given the
myriad of factors contributing to s@@S & & Fdzf &AL NI AY 3 LISNF2NXI yOS
Y2RSt Q 0 RGap@m)h bBn8eRtheke/circumstances practitioners need to consider
the analysis methods for understanding the problem, and the means for sensing or probing
complex issuesWith this consideredapproachpractitioners require a level of expertise in
fatigue managementwhich they can use to safehavigate thé way through to providing

solutions to coaches and athletes using intuition and experience.

The kind of optimal practice approach that could be adopted in deciding appropriate courses

of intervention and management with athletic sleep wihssitrated earlier irthis dhapterin
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the EIS Sleep Management Decision Tree (Figure 6.2). By its nature fatigue management is
complex and chaotic and requires a good level of communication from all parties invélved.
good fatigue management programme will involve the aspects radliin Figure 6.2e.g.
intervention workshops incorporating sleep hygiene educati@ppendix 4) cognitive
procedures & relaxation, and that the intervention(s) may not always be able to be delivered
by a physiologist. In these circumstances, the plggiopractitioner should be acutely aware

of professional boundaries ahead of delivering any intervention. Furtied professional
practice would be to return to athletes tested and assess how t#reydoing after the

intervention.

Therefore, vhere practitioners recognise fatigue magement issues may be having an
impact onawhat it takes to win modelthey can employan optimal practice approach. That

is, somecircumstancess A f f NBI|jdzANBE WwoSad LINF OGAOSQ G2

(@]

actiwatches. However more complex sceha2 & @A f f NBIdzZANS | Y2NB 7T
approach to deliver solutions. Sriving for best practicein scenarios involving high
performance sport settingwill rarely result in ibeing achievedgiven the complex ature of

elite sporting programmeand the aforementioned multivariable what it takes to win models

In terms ofwhat isgood practicegfor providing a fatigue management serviceelite sport

and asa consequence of my experiengesecommend practitionerscreen their athletes and

undertake a programme of sleep quality and movement behaviour measurement through

both objective and subjective meang. LJ2 NI 4 Q LISNF 2NX Iy OS LINB INI Y
that the most effective andaptimal practice at the beginning of any fatigue management

programme would be to capture baseline data on normal sleep and movement behaviour
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practices (ideally at the start of a season) in some form i.e. objective, subjective or both.
However current practicedictate that this step is often discounted in the haste of attempting

to establish information for a specific performance issue e.g. sleep responses in a competition
phaseln addition, | propose thaince baseline data has been collatgdther analysishould

be conducted when athletes report a change insleaiNJ A RSY G AFASR WI G N :
reassessment following intervention(s) there is a direct performance question relating to

deep and movement behaviour e.g. competition at altitudésingthe simplicity of the

actigraphy technology can aid this process as it turns a rudimentary data capture process into

a powerful tool for performance gain interventions.

6.6.3 Subjective Questionnaires

As we learnt inChapter5, the gold standard objective slpemeasurement tool is PSG,
however this is impractical as a field measure primarily because it is complicated to administer
with elite athletesdue to the nature of it methodologyTherefore, the field based method of
Actigraphy, also described ®hapter5, provides a valid and reliable measurement tool for
assessment of athletic sleep. Thikngside subjective seléport questionnaires, provides

a comprehensive methodology for data capture, assessment and intervention of both
subjective and objectassleep and associated movement behaviour. This is a progressive step
as it has become clear over recent years that there was a lack of validated subjective analysis
of sleep alongside the objective assessments that were being conducted within spass. It
proposedthat the best method of subjective assessment of sleep is through completion of
five key seHassessment questionnaires, namely; 1) Pittsburgh Sleep Quality Index, 2)
Epworth sleepiness scale, 3) Dysfunctional beliefs about sleep, 4) Fonthiaggesponse to

Stress and 5) the Morningness/Eveningness Questionnaire. Together, these provide a
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comprehensive assessment of an athletes sleep as they encapsulate sleep practices, quality

and selfperception of sleep.However,| suggesthat, where conpletion of all five of these
guestionnaires would belealpractice, there is the acceptance that this is not always possible

and a prioritisation ofafew | 4 (GKS RAAONBGA2Y 27F (wdld{ L32 NI 3
suffice if practitioners were trying to expedite data collection. A description of the five

guestionnaires is provided belo

Pittsburgh Sleep Quality Index (PSQI)

A well established and validated se$sessment questionnaire (Buysseal., 1988) which

LINE GARSA | dzaSTdzZ AyaraakKid Ayidz2 distrimhaeRA A Rdz
between good and poor sleepers. Sleep quality is a complex phenomenonnti@ves
several dimensions, each of which is covered by the PSQI and include subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep
medications, and daytime dysfunction (Buyssal., 1988). Individuals answer 19 questions
relating to their sleep over the past month. These answers create seven component scores
covering the dimensions listed abovEhe sum of the scores for the seven components yields

a global score of which generally >5 tates poor sleep qualityWhere sleep issues have

been identified through the PSQI, interventions to improve athlete sleep can involve expertise

from a multitude ofSports Science ardedicine disciplines

Epworth SeepinessSale (ESS) (Johns, 1990)

Thisrelates to sleep debt and is a useful assessment of daytime function. It stems from

respiratory medicine where it is used predominantly to assess daytime function as a result of
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sleep loss relating to obstructive sleep apnoea. Coupled with objectivethlistgan be a

L2 6 SNFdz G22ft Ay GKS [aasSaayvySyid 2F 'y AYRAOA

DysfunctionalBeliefs About Seep (DBAS)

This is a 28 statement selfsessment questionnaire relating to perceptions of sleep. It
evaluates sleepelated beliefs, queryinlB & LI2 y RSy 14 Q SELISOGI GAz2ya |
the causes, consequences, and potential treatments of sleep isJinesDBAS questionnaire

Oy 6S dzaSR G2 GFNBSG I dKf S SigrmtartRalp@lisgelh 2y |
mythsoranindiRdz £t Q& o6St ASTa NBfFGAy3a (G2 GKSANI afS¢
symptoms of poor sleep and Iparticularly valuable in the formation of cognitive approaches

to treatment, for example) O2 Ay A G A BS NBO2yailiNHzOGA2Y 2F Yy

(Shahicet al, 2012).

Ford Insomnia Response to Stress (FIRST)

A diagnostic selissessment questionnaire using nine items which measure the propensity
for disturbed sleep under stressi@ ultimately can aid iidentifying individuals predisposed

to insomnia. Thereforeit is a standardised measure of individual vulnerability to stress
induced sleep disturbancga.e. insomnia (Drakeet al, 2008). The instrument tests the
likelihood thatan individual will get sleep disturbances following various stressful eMents
example in sport this could involve training load increases, selection phases or competition

phase.
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Morningness/Eveningness Questionnaire (MEQ)

This relates to an indiRidz £ Qa4 OK NP y 2poist séfabsessneiit quesiionraire m g
developed by Horne & Osberg (19,A6jth its mainaimbeing tomeasure whether a person's
circadian rhythm produces peak alertness in the morning, in the evening, or in betvieen.
considering subjective assessment of sleieps worth noting thatthrough the PhD | was
supervising,we discovered that whilst the PSQI was an incredibly useful and valid self
assessment tool for athlete sleep, it is in fact the Ford Insomnia Respor&teetss (FIRST)
guestionnaire which provides the most effective dathen used in screening procedures by
sport science practitioners to identify resilient (but also vulnerable) sleepers among elite
athlete squadgGuptaet al.,, 2017) This is primarilydrause it identifieseactive sleepel@

i.e. those who are sensitive to interventions to improve sleep qudhtich information can

be used to inform targeted sleep management programmes, where hyperarousal is a
mediating factor for poor sleep qualitgut also to identify individuals who are able to extend
sleep through dayime napping(Guptaet al., 2017) This discovery was pioneering in that
for future fatigue management assessmentliangethe subjective screening of sleep from
traditional PSQassessment to bespoke analysis of sleep reactiityhereforegivesSports
Science andledicine personneand coaches an awareness of those indivigihleteswho

are more likely to be sensitive to sleep disturbances. Importantly, this wotdiscriminate

elite athletes as the sole population experiencing sleep reactivity. As mentior@claipter

4, the propensity for sleep reactivity can manifest in any number of scenarios (e.g. ballet
dancers/students), but if an individual with high slegactivity finds themselves in an elite
sporting environment theppotentially,they may not be as robust with their sleep and cope

less well in the elite sporting environment as opposed to their contemporaries.
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Another point b consider in providing ophal practice assessment of fatigue management is
0KS GAYAyY3,i2Fredoiipetition léel, Pre@nd post training sleep or sleep
extension practiceS @3 y | LAY T LY FRRAGAZ2YZ GKS | GKf
into accounti.e.whether athletes are in their normal training environment, away on training
camps or at competition (Erlacher, 2011, Sdval., 2013, Julifét al,, 2015). Where possible
baseline assessment of sleep and associated movement behaviour should be detérmi
before being assessed under different circumstan®ekilst this may be difficult to achieve
given the complexity of world class trainipgpgrammes, itan be planned in effectively with
good communication between coaching and science and medicifie Stais is something |
managed to achieve with British Rowitigough having worked with the Sport for a number

of years before the fatigue management projects began. This ensured | had the trust and
respect of peers and coacheskinally, anyassessmat to sleep and movement behaviour
should be performed over @ weekperiod to allow for consistent data captumnd it is
important to recognisehat it may be a while before you analyse and use the data, so ensure

that you have set expectations of the athletes and coaches initially.

6.7 Sleep hygiene

In providing support to elite athletes and practitioners around the concept of fatigue
YEYyEF3SYSyidsz 2F aA3IdyAFAOFIYyOS KlFa 6SSy GKS 02y
athletes can improve to enhance their sleep. This concept encompassesiedinenental

and behavioural aspects of pgéeep and involves tactics to improve fatigue management.
Typically, athletes are unaware of simple processes they can implement to improve sleep
hygiene and ultimately improve their subjective perception angeotive quality of sleep.

From my experiencend if aiming fooptimal practice sleep hygienshould bencorporated
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into any fatigue management programme with elite athlefeastellaet al., 2014, Julifét al.,
2015). For example, encouraging athéest to adopt practices to placate sleep have been

dza S F dz RdzOF GA2y Il E G22fa GKIFIG KIF@S KIR |
(time to get to sleep), duration and quality. Examples of methods to improve sleep hygiene
include $eep behaviour(all aspects in relation to your approach to sleep e.g. strategy,

routine, hygiene, nutrition and system)An example of a sleep hygiene education sheet can

be found in Figure 8.

No: See box 'develop

an effective sleep Is it an an effective
strategy sleep strategy?

sleep?

14

Develop an effective
sleep strategy/good
sleep habits and kegp
these protected.
Including:sleep
behaviour/routine,
sleep system,
nutrition, minimise
light, avoid
distractions*

Yes | have good sleep:
maintain good practices

O

Yes

Have you got a strategy to get to

— No! Poor Sleep

Figure 67 An example flow diagram for good sleep hygiene.

*refer to more detailed examples in Appendix 4

6.8 Impact

Through using a combination of the described -sslfessment tools, effective fatigue
management programmes can be assessed for their ability to decrease any dysfunctional

beliefs around sleep and asa@nsequence increase sleep efficiency. This is exemplified

165



through a short questionnaire asked of elite athletes as part of a studies related to the sleep
PhD | cesupervised. Here, over 40 elite athletes were asked to record the impact of an
intervention (several sleep management education sessions) on their sleep during a) normal
training and b) a competition phase. Figuregahd 69 display the results from both cohorts.
Overal| athletes felt the sleep interventions provided had firstly, a pusitimpact on their
wellbeing and or performance(s) and secondly, they used the information during training and
competition. Additional feedback was that they would recommend the sleep interventions
to other athletes, felt the information from the intervéions was relevant and therefore felt
equipped to deal with sleep disturbances as a result of the interventions and would use the
information again in the futureSetting expectations also has implications for the success and

impact of the projects too.

m No, not really

H No, not at all
Maybe

H Yes, somewhat

RY |y 2RiYesSdedqitely

S &2y 2 08s  SIRGNT Yo
Do you feel you are unequipped to deal (D |
with sleep disturbances when faced?
Do you think you will use the informatio
provided in future?

Would you feel confident in using this
information in a competition scenario”

Would you recommend this worksho
aSNASa G2 | FSttz2
Have you previously received informatio
Fo2dzi K2g G2 Yyl

Did you find the material presente
relevant?

-100% -50% 0% 50% 100%
Percentage of Responses

Figure 68 The impact of interventions for sleep education on elite athletes (training)
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Do you feel this information had a positive impact = Maybe

your well-being and (or) performance? _ B ———— m Yes, somewhat

Do you think you will use the information provide B
= No, not really

in the future?
[ R Rl

Did you use this information during the world series
|

in Clermont/ training?
o PSSR B s s Lx

Would you recommend this workshop series to
a1

m Yes, definately

fellow athlete from another sport?

Prior to the workshgps, had you previou§ly received
AYIF2NXYEOAZ2Y 02dzu K29
Do you feel you are unequipped to deal with sleep
disturbances when faced?

Did you find the material presented relevant

-100 -80 -60 -40 -20 O 20 40 60
Frequency (%)

Figure 69 The impact of interventions for sleep education on elite athletes (competition)

Alongside educating athletes on good fatigue management strategiesiding objective
data of their sleep quality and characteristics to pacify fears of poor sleep has also been
particularly impactful. A detailed bespoke analysis of results has hefyegrocess, for
example, providing athletes with theitasxdard deviation (SD) of betne across a two
week period (provides an indication of the level of consistency in athleteibesk) and

their standard deviation getp-times across a twaveek peria (provides an indication of

the consistency of athlete getp-times).

Additional to this has been the ability to illustrate through actograms (demonstrated in
Chapter3) and display objective data to athletes regarding their movement behaviour. This
is in an attempt to enhance the previous suggestiornShapterd of poor sleep management
practices existing within theport industry. What | endeavoured to do here was enhance
existing practices and introduce new ones, to ensure education regardingudati

management was a structured process in high performapmet, with information provided
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as to the most appropriate methods athletes can use to encourage an optimal fatigue
management strategy whether it be through modifications to their approachesléep or

movement behaviour.

In terms of impact, the manner in which projects are deliveredSfortsand individual

athletes has evolved. Now it is much more holistic and multidisciplinary in approach.
However any project still requires a lead and it is in the domain of fatigue management where
physiologists can take such a lead. For reasons al@stiged, in Chaptes 3, 4 and 6sleep

being apsychaJK @ &A2f 23A0Ff LINRPOS&aa FyR (GKS 2@SNIff
interest to the physiologistmeans they are ideally suited to leading projects relating to

fatigue management. This would without question be in close collaboration with other
necessary members of thaultidisciplinarysupport team around a coach and athleded

with respect to professional boundaries.

LiQa A YL NI thaf dot afl $ortSenplay & RHydilogist so, on occasitmpse

sports would need an appropriate designated practitioner who can have direct collaborations

with physiologists who hold fatigue management expertise within the Jpigtiormance

sport system. This is akin to dter areas irSports Science arddedicinewhere debate exists

Fa G2 28YySNBKALI 2F |y WIFENBIQ® C2NJ SEI YLX SZ
considered there is ambiguity between physiotherapists and strength and conditioning
coaches as to whtakes responsibility for the assessment and intervention for improvement

2F GKESGSaQ O2NB adGloAfAdGe AaadzsSao {AYATL ]
can be confusion as to who leads on an intervention to increase lean muscle magh as bo

disciplines contribute significantly to muscle hypertrophy. Equally worthy disciplines to
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contribute to the intervention but there remains a lack of transparency about who would

necessarily lead on the project to improve the issue.

Qualitative feedlack (presented inChapter7) from those involved in the evolution of the
concept of fatigue management in high performargport, has meanthat | can confidently
present the fact that introducing the concept has ultimately been a success. Simiiénip, w

the industry of sleep management, the concept of sleep spmtthas had an impact. Recent
innovative advances in smart phone applications for management of sleep have been
developed. SpecificallyktS & Y I NI LJK 2 ¥ § S 5 LEEhkl@prdydrgne Jor W

insomnia www.sleepful.me, has been developed through a series of publicly funded

research studies and clinical trials in the &fd is led by Professor Morgan {sopervisor to
the EIS SleephD). Future plans are to evolve this to a specific applicatiosdorting
populations and is an example of how this and the EIS sleep PhD have created ideas and

creativity in the area of athletic sleep.

6.9 Sleep and athletic performance strategy

Asa result of the work described this chapterand throughout the thesid wrotethe fatigue
management strategy for the EIS (Tokyo cycle 22021) (Appendix 4Key to this process
wasthe recruitment of the PhD student as this post increased oppotiesifor developing
detailed knowledge and augmented scope for assessment of athletic sleep. From my work
with elite athletes and theleepPhD research, ltas become abundantly clear that there are
more questions, beyond the scope of the currasttepPHD, that need to be answered to
further our knowledge on athletic sleep. Part of the strategy suggested harnessing existing

information into a collective format and using for knowledge gain within the industry. One
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http://www.sleepful.me/

example of this is to create a normatidatabase for athletic sleep, analyse differences (e.g.
endurance versus teasgport, altitude versus sea level training camp, gender differences) and
provide pragmatic solutionsTherefore, a primary aim of the EIS sleep strategy was to provide
solutions focused on investigating further questions on the topic of fatigue management and
to future proof the current knowledge so it could be harnessed and utilised for performance

gairs in futureOlympicand Paralympicycles.

In summary, providingptimal practices for fatigue management in elite athletes, ensures
the innovative approaches used to impact on performance using sleep assessment follow
approved rigorous scientifictecBnf 2 3AS& | yR GSOKyAljdzSa o ¢ KA A&
place to thoroughly investigate and answer discreet performance questions regarding fatigue
management. In line with this, is imperative thatwhen assessing sleep and associated
movement behawur (or any other impact factor on performancehat you ensure you
understand what ya arecollecting and why.
tn WO, Sa> dzyRSNEOGFIYRAY3I gKe &2dzUNB O2ff SO0 A
have apositive impact on their decisiemaking, is craialQ Q
6.10 Summary
Inthis chapten haveprovided a summary ahy workevolvingfatigue management, through
sleep and movement behaviour assessment, in the -pigtiormancesport industry. My
intention was to present how an initial idea from a discreet project that | delivered pre
LondonOlympics2012, has developed into an impactfpart of routine practitioner service
delivery The outlined projects, normative data capture on athlete sleep and movement

behaviour variables and knowledge disseminating platforms have helped to pioneer
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recognition offatigue managemento be part of the assessment of factors impacting on

FOKE SGAO LISNF 2 NWhayiOakeshtolWRy @20 G A YI G St & W

Through directing formal education of multidisciplinary practitioners on how to characterise,
monitor and assess sleep and associated moverbehaviour, | have been able to educate,
system wide, why fatigue management is important and crucially, vibhabsent in our
knowledge. These projects armmitiatives have all involved higlvel skills in critical and
innovative thinking,generation ofideas and explanation of scientific principles to high
performance coaches, athletes and support st#fl havenecessitagd strong influencing
skills aimed at harnessing practitioner expertise and professionalism around fatigue
managementEqually necessary has been an ability to be able to competently critically discuss
contemporary issues, such as fatignanagementaindevaluate how such technical and non
technical practices to enhance management of athletic fatigue can impact and influence
sporting performanceThe process has also requirad abilityto be solution focused and
proactive in seeking to collaborate with colleagues to identify performancel@nabwith the

aim of producing intra or multidisciplinary solutions.

In summarythe discreet and innovative projectsresented inthis chapterhave provided
examples as to hovatigue managementan influence the successful attainment and delivery

of performance determinants. This has allowed coaches, athletes and support staff to have

I Ot SINJ AyaAdaKad Ayid2 K2g 7Tl (WhdiSakes oW yAS YISy

a givensport.
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Chapter7 GeneralConclusions anduture Recommendations

7.1 General conclusions
This chaptemwill provide final conclusions drawn against the thesis aand objectives
(outlined inthe thesisoverviewand provided below as a remindeland a summary of the
process of introducing the concept aftigue management to the higberformance industry.
Importantly, it will also elaborate on some future recommendations for research, applied
practice andanoverall strategy to progress fatigue management in high performapoet.
Thesis objectives:

1. Toascertain the growth oforts Sience over the last 20 years and how fatigue

management has emerged as part of the industry development

2. To assess current literature relating to sleep and movement behaviour and athletic
performane

3. To determine whyphysiologists should take responsibility for sleep and athletic
performance measurement and assessment

4. To provide examples of fatigue management projects in high performance sport and
methods of optimal practice for assessment of fatigue management

5. To m&e recommendations for future research and applied practice in relation to
fatigue management of elite athletes

6. To assess the impact of evolving the concept of fatigue management to the UK high
performance sport industry

| have demonstrated throughout this thesis how the topic of fatigue management has evolved
in the UK higkperformance sport industry. | have provided examples of how some of the
Y Qa -peifdrraalice sport programmes have engaged with fatigue managemerana
WA YLI OG ¥ I WikeitNEkestoVind(\WWI BTAVMdodels, with the ultimate aim of
providing intelligence for training and performance gains. To add additional inkigave
collated qualitative evidence of the impact of evolving the concept of fatigue management.

A summation of the narratives obtained from the qualitative piece | conducted (described in
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Chapter2) are provided throughouthis chaptetin Tables 7.47.4 and 7.67.8. These verbatim
guotes provide context to my work in fatigue management within the UK high performance
sport network and also illustrate the novelty and evolution of the concept of fatigue

management.

7.1.2 Reflections on the processucess impact and challengesof evolving the fatigue

management concept

7.1.2.2 Success and Impact

The process of recognising the disparity between traditional acadeleep sesearch and
applied sport and engaging the UK higlerformancesport industry to recognise fatigue
management as a worthwhile contributing factor to performance, has been a complex and
change orietated issue.This issuehas required a step approach involving establishing
relationships with academics, engaging them with appliggbrts sciencework flows,
assessment of current literature and identification of common links between research and
applied settings.Connecting the UK high performance sport industry in an evolving concept
has therefore, involved research into what has been done before and holding a critically

reflective orientation in my positionality.

During the process ofthampioningthe new concept of fatigue managemeifthrough
research, developing and leading nedeas and dissemination of knowledge)achieved
financial investment for new equipment, training and research through an EIS funded PhD.

Funding the sleep PhBt the start of a newDlympicandParalympicycle (2012016) where
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the opportunities for pioneering ideas were encouradgukelped to support lhe importance

of investigating thesleep and athletic performanceelationship. This was particularly
pertinent in combination with the fact that there was, traditionally, a genewrakl of
awareness by practitioners as to how and why they should consider fatigue management and

assess sleep and associated movement behaviour.

Furtherto that of others | myselfhave had tccritically reflect on the area in applied practice

and articdate to a varied audiencé.e. practitioners, athletes, coaches and performance
directors) g K& FIF G0A3dzS YIyl3SYSyi akKz2dzZz R 06S O2yaaiRr
GFr1Sa G2 6AyQ spofingstade. fdelhat hisBas been gogrtictilar success

in the context that, there has been a collective uplift in engagement of fatigue management
across the UK high performance sport industryshort, he concept hagelt pioneeringto

me personally andb the UK high performance spostctor, sinceits initial inception 2010)

and through to observing delivery of live practices of fatigue management projects in the

current 2020 Toky®lympiccycle tis a project | havéeen committed to, embraced and

relished doing

My personalreflectionsofmy¥ I G A 3dzS Y I y I 3SY SopupleddNEh&irsighiisd Q A Y L.
displayed from my qualitative researchnd my dissemination ofacademically and
professionally valid knowlege to peers within the industry, hadlowed for acceptancef

fatigue management as a novebnceptwithin the UK high performancsport industry. A

Wifferent way of doing thing@vasrecognisedhroughout the 2016 Rio Olympic/Paralympic

% The EI$hysiology PhD modél012/16was a new concept in collaboration wifiS hboratory Technician
roles Itworked well to provide research opportunities for those working in posts indirectly linked to Sports.
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cycle (2012016) and was demonstrated to have a direct effect and impactspaortsQ
performance programmes. This has been evidenddy the work preented in this thesis
(Chaptes 4, 6 and 7 in particulaand throughanecdotal evidence angersonal interactions

with peers in the UK igh performance sport industryEqually working hard to focus on
FOKASGAY 3 Wl (i Katighéintinagedzént plojéd®s hédisAlsolbged of value to the
success of any project involving analysis and measurement of sleep and/or movement
behaviour. Quotes relating to athlete buy iare presented imable 7.1.
Table7.1Verbatimquotes relating toathlete buy in to sleep measurement and analysis
to WQL GKAY1 I (U fdtighé Sahagdmenfibetalse slaeplgoneofyttin
things that not many people are that awaod, and they have a grasp of how they slé
when they wake up in the morning, and they know when they can't fall asleep at nig
they have a particularly bad night's sleep because they're waking up, but to give an &
an opportunity to say we can ta@lly look at your sleep in a bit more depth by simply eit

whatever at all it is, | think that's something that's quite powerful, and athleiggs ihto
jdZA 0 S NBIFRAf &> 06SOFdzAS A0 Aa GSNE aivl

to WQ,Saszx a2 Ls[faigudmaiageinéntcanbeaquite KnPactfuliil knik jus
raising that level of awareness, that in itself is probably the biggest thing you can d
dispelling mythsjabout sleep]l suppose. Those two things combined are very powerfu
when athlees take part in these kind of monitoring exercises, they buy into it quickly,
said before, because fsleep]is easy to do, and they're fascinated byslkeep]because
everyone is fascinated by their sleep, and because at the moment, there sedeasthis
emphasis upon sleep and performance, and how you need to sleep well to perforn
They seem to buy into jsleep]S @Sy Y2NBE a2 XQQ

tH WOLT @& 2 dalegrSandhiovaindntibghdvibur assessmeatthem, and they
understand why we're dag it [sleep and movement behaviour assessmeatjd it's not
like we do it[sleep and movement behaviour assessmery day of the year, becaug
you know we picked certain times when we were having problems or issues, and had
all the way roundhe baseline so that we knew what they were like generally. So | thin
the whole, | think the rowers have become quite accepting dél#ep and movemen
behaviour assessmerd something that we look at, and if they're struggling to underst
what's happening, of course if fisleep and movement behaviour assessmesgh help,
0KSY GKS@UNB 2Ly G2 AGQQ®

CFEOAtAGIOAY3 GKS LIR26SNFdA &2dzNOS 2F O2y (i SEid

performance sport industry (outlined in Chapter 1) was that of the pre-2012
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Olympi¢ParalympicGamespilot work (described inrChapter6), along with accumulated
academically and professionally valid knowledgeer the London, Rio and Tokyo
Olympic/Paralympic cycles (20@816) Through the Professional Doctordtevas then able

to consolidatesuch experiences and knowledge through thoughts behind new concepts,
theories and critiques. As such | have been @bfgesentto a range of audiensand across
platformsto the UK higkperformancesportA y Rdza 4 N2 Qa O2l OKSasx | 4Kt S
the importance of considering fatigue management and athletic performance in their
performance planning processes (VIWWW models).This was part of a purposeful approach to
showcase the impact fatigue management can hav®\WhTWmodels and enhance industry

understanding of the concept of fatigue management.

Certainly, the science of sleep and the importancegyobdd sleep for athletes is becoming

more commorplacein athletic preparation strategiesOlympicsportssuch as Gymnastics,

Sprint Canoe, Cyclinggdza 6 &8 T Qa noéwcBnsidefatiguy Banagement as part of

their preparationfor major competition and someportshavecommendablyemployed the

dzaS 2F 0SaLR21S O2YYSNOAFE watSSL) aeaidisSvyaqQ Gz
(Littlehales, 2012)However what is generally lacking is an evaluation of such practiEes.

example, vihere a sport uses fatigue management techniques to capture data on athletic

sleep, rarely is there a follow up to assess the successprawideintervention. Evaluation

of a successful intervention may occur on an individual athlete basighere needs to be

more of a focus omeflections of fatigue maagement interventionsfor a whole & Ij dz R Q &

benefit e.g BritishGymnasticR016World Championship$ravel Srategy.
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Nonetheless, Bgagement in optimal fatigue management practites had a gect effect

and impact on UK current appli€&ports Science aridedicine practiceby opening dialogue
between coaches, athletes and support staff, identifying potential fatigue management issues

in individual athlet€® @nd developing fatigue management educatmogrammes relating to

different aspects of training and performance (e.g. training versus competitidbaple7.2

includes quotes from interviewees regarding the evolution and engagement of the concept

within the UK high performance sport industry.

Table7.2 Verbatim quotes from interviewees regarding the evolution and engagement of

the conceptof fatigue managementvithin the UK high performance sport industry.

tp WYOXPPsSUGS NE[bldeR Barature wheld thgtéls apgssibilitik Be
improved quality sleep can deliver a more integrated performance, but there's a
downside, so we're also aware that if there was such a thing as monitoring losse
disturbed sleep, which we're increagiy realising is a constant risk in high performa
sport, that disturbed sleep might actually detract from marginal gains made in other g
and for me, one of the really interesting aspects of the research that you and myself
have been conductm is the focus it's brought on the downside of the demands of ¢
performance on sleeq Q

P3WQ, Sax GKS FILOG GKIFIG GKS LyadAGdziazy
programme of research". OK, there's obviously one something ihaood enough tdg
research, and we've kind of seen in the last three years thdfatigue managementyjone
outside of the PhD into something that's Institutisvide, how it's[fatigue management]
addressed. So | think that was probably there the tigppoint, | think. As soon as the P
was introduced, it kind of tipped over the edge, and now people are kind of jumping
[fatigue management) A GG f S 0AU Y2NBQQ®

t p wWe{PKBIstudent and supervisordgsigned a onelay[sleep]workshop which we fel
delivered most of our messages to date, and reflected the kind of world view of sle
sport. But this is where we developed this idea of we do not bjfaiigue management]
up, we proportionately deliver messages about sleep, and we focus on solutions rathe
problematising iffatigue management]And it worked, ifworkshops]really worked well.
It worked well for me for two reasons. One of them is because three ofanked well in
delivering the messages, but the interactions that then developed between trai
between sports physicians, between practitioners and ourselves guaranteed a feedb

information that we used to modify our messages, and to develop ategsageQ Q ©

. @ SyO02dz2N»y 3AYy3I FlLaGAIdzS YIryl3aASYSyad G2

0

assessment profile anthrough the reporting of some projects involving investigations into
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sleep, associated movement behaviour and athletic performance, nipact of introducing
this concept becomes apparenOverall introducing the concept of fatigue management,
through sleep and movement behaviour measurement and analysis, has | belisaaced
the understanding of fatigue management in athletic performoa and thereforebeen a

Success.

Critical factors to that success have been as follows. Firstly, and vital to the process, was
proactively increasing athlete, coach and support staff awareness of fatigue management;

what it is and how to manage it.Consecutive to this waan ability to cntextualise
AYF2NXYIEGAZ2Y F2NJ NBf SOyl | dzRAYSY OBNE M yIRK A & §

medical, coaching and athletic populations analysed.

Secondly, using actigraphy to objectively demonstrate to athletes their sleep and movement
behaviaur profiles and by describing fatigue management in such a manner, evaded causing
alarm, but increased pragmatic decisions made by athletes and coaches in relation to their

fatigue management.

Further, and gtical to the success of my strategy to introduce fatigue management to the UK
high performancesport system, has been a losigrm goal of establishing the EIS site at
Bisham Abbey as @ntre of Excellence for fatigue management knowledge. Tdestre
would include all aspects relating to sleep and associated movement behaviour and athletic
performance e.g. sleep extension, circadian rhythm disruption and training versus
competition. Through observing impact, exponential increases in project requesiging

fatigue management and outputs for dissemination of knowledge, it is theathis has been
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achieved. Most recent evidence being advising Team BBalympic$GB on their sleep and

travel plans for the Tokyo 2020lympic and ParalympicGames. HRoexample, the EIS
wSaSIENOK YR Lyy2@08FidA2y ¢Sl YQa O2yadzZ Gl yoe
strategies Additional kudos to this procedas been the collaboration with Professor Morgan

at the Loughborough UniversitClinical Sleep Researtnit and funding from the EIS itself to
further disseminate knowledge throughout the systenPrinciple means for this being
through ad hoc consultancy with priority athletes and the aforementioned workshops to

Sports regarding sleep and athleperformance(Chaptero6).

Table 73 outlines some of the quotes from interviewees regarding the impact and success of
evolving the concept of fatigue management in the UK high performance sport industry.

Table 7.3 Interviewee responses regarding impact and success evolving fatigue
managenent as a concept

tm WOL GKAY]l GKSNBUa |y I §anNiBsyl kit will, avider
we [practitioners] reflect back after, | think it will be that thing of tl@ympid cycle. You
know when you have something, and everyone ggdéctually, thaffatigue management]
gl & LINRPolofeée GKS oA33aSald fSHENyAy3d OdzNI

tn WOX8S wlbikdd&isoma slerppSMes &n days before we got on ateng
flight going to Brazil, and we sawganderspecific issue, again with a very small sub
group, but on the back of that I've heard a few other conversations of other sports
I've chatted to them about iffatigue management]and it kind of makes sense. So tt
information has led to s changing flight times before the pi®©lympic]Dl YS& Ol

tn WQ,Sas ¢ AsleépRidniks & lot Bf Bodx@réatond with coaches aroreally
specifically looking at the work to rest ratios on day one to three when land in an
envirorment, and yes, without that information, jfatigue managementjvould havebeen
just a conversation, without necessarily any weighting towarffatigue managementp Q

t o WQ., S Eleep ptdeyi]s managed carefully, and athletes' expectatiams set
beforehand, and they adhere to what they're meant to be doing properly, thed they
give you the information back, and that information is interpretesd the message |
presented, a kind of not overemphasised, and everythidgtse kind of thaiwvay, it[fatigue
managementp 2 NJ & NBlIftfe gStfQQ
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tn WQL GKAY{ L ¢ 2dz R[sles®s prety high updit&nis ofiv&ly
add to sports, so sports invest in the institute from a practitioner perspective, but
expect to get auxiry benefits by investing in an institute, and | see this work f
particularly as something that has a start and an ending to it, so it doesn't elongate an
those, and | think it'§fatigue managementpbeen a quite nice little package that can
delivered across a number of sports, and has been done, so without necessarily re
too much follow up on the back of the information there, anffatigue managementtan
KFI3S NBflFGAGSte ljdzi Ol AYLI O QQo

PAWQL YLJ OG A& LINRX Y I Nihfséme bf X diyiefes, N&Srhakiriy dibl
feel that they're normal. There's been a couple of specific examples where lifesty
impacted on sleep, but understanding what that looked like would not have been ach
without looking at the sleep beforer after itd Q Q

t o WQ{ 2 [aihfe®s[Basicalli j8sk wore sleep watches, and that was it. Now t
[athletes] get an online survey which has a questionnaire side to it, they would wea
sleep watches, and the emphasisnotentirely on the slep watches. Now it's kind of thi
is a part of itffatigue management]not the entire assessment package. There's also
side to it, and when it all comes back, it's presented in a much more holistic way th
probably involve different practitionerand different disciplines, as opposed to just
32Ay3 AY FyR GFrf1Ay3 Fo2dzi af SSLIQQ®

t H WQL [sle¢pPayalysis @liovEs ugSports Science andedicine supporteam], to
have some discussions with the rowers which we perhemsld not have before.lIt
introduces the concept of how do you prepare to sleep, why have you got such va
bedtimes, what are you doing in your life outside of rowing, which they may not hav
that they wanted to talk to us about, or we may not have felt we had thietrig go and
enquire about, but having data which showed maybe they were variable, or they were
to bed extremely late and not getting much sleep, then we had an introduction to dis
such things with them. But it also raised for us the possilitiag there were other things
going on that they might not be dealing with, like restless sleep, and were there family
or issues in their lives which actually they weren't in control of. And so that raig&bags
Science andledicine supporteam], again, the opportunity to have a discussion, and
GKSY (2 @2tdzyiSSNJ GKAy3Ia G2 dza 6KAOK |

7.1.2.3Challengesand Adversities

Principle challenges identified by athletes were primaséytredaround a perceived lack of
privacy;athletesneeded to feelpractitionerswere not over scrutinising them.As @aches
and practitionersalready assess such large portions of an ati®eteerall training regime,
their sleep is often the lasirea of their liveshat is notassessed and measured@herefore

in my work with athletegsl had to be careful to educate athleteda group workshops ahead
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of individualactigraphyassessmentsgs to why | was gathering information on their fatigue

management and how the data could be used to aid training and performance.

Deliveringone ofthe initial educationworkshopsto British Rowingvas in part, a success as
well as a challengeas the Chief Goach who | was working withplanned the workshops
directly into the training programme. This was a personal achievement in my relationship
with the Chief Coach who rarely scheduled anything else into thiining programmes. This
sent a message to the squad in question that tBaief Coachbelieved the fatigue

managementoncept to be important and thereforhey should follow suit.

Further challenges werthe fact that athletes may attempt to skew data by seeking to falsify
the actigraphy assessment. Careful explanation of the reasons why fatigue management was

being assessed and expectation management would negate this from happening.

Inlinewiththisg I & G KS Wa2 gKIFIGQ ljdzSatAizy o aSlkyAay3
R2 ¢S ySSR iARothdr inde®aindy was(whether coaches and athletes would
engage with the concept givetihat there was no direct quantifiable link to performance
enhancement? Here, concise explanations and practim@sed evidence helped to engage

relevant parties.

The process also involved an element of risk in that hdtknow if otherSports Science and

C

MedicineRA 8 OA LX Ay S& 62 dzf R | 8806 d to dnguekhatitte cande@ of 02 v O S 1

fatiguemanagemenivasnot W2 SSYNIK | 8 A A SRQ® t NBaSyidlidAazy 27

to the success of any fatigue management projewtinct and intuition provided a large part
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of my motivation to be proactiveral drive the change in practice as | knew the consequences
of including fatigue management in athlete assessment would be of benefit to performance

programmes.

However,we were a product of our own success and whilst thehigh performancesport

system bought into sleep andovement behaviouas worthy impact factors on performance

and worth monitoring, the demand often exceeded the resources available to dediveln

support. Thet n mc  Kadsh&w&hdiped initially in terms of educatingraditioners on

what sleep was and the various options availablettem to capture data on sleep and
movement behaviouin line with ther Sport(s)W¥ hat it Takes toWinQ 6 2 Lnmibdebs.0

However ,this did not prevent Sports contacting myself mmy PhD studset for direct help in

delivering sleep projects. The demand for this became too much at times and was not a good

use of our timeassome{ LI2 NIla KI Ry QU F LILINBLINAI GSfe& [fA3y
models, nor did it develop our technical knowledge&Sekp as a lot of the work was repetitive

in nature Thisunfortunatelyled to someadversities in terms of relationships with Sports and

their practitionershaving to understand their WITTW models tegtto make more informed
decisionsas to the prioriy areas in their Sports performance programmesirther, at times,

too many people became involved in projects as there was, in some cases, duplicity and
confusion in leadership and guidance of practitioner. Following the Rio 2016 Olympic Games,

the restucture of 1 KS ! YA I SRD2VYSWFRYEQaE 2RASE 2F { L2 NI

performance support management streahelped to clarify some of this confusion.

The difficulties in resource demands coincided with mattersxplectation managementFor

example,l had to consider the fact that practitionersceiving information on the sleep and
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downtime practices of their athletespotentially may fail to contextalise information
gathered against training planand this could potentially affect any athlete and coach
engagement. With this in mindhad to be succinct and transparent about hpractitioners
(me)were going to analyse and use the dgparticularlyas there was the potential for a large

amount of both subjective and objective data generated

The demographic of the athlete population in certaportsalso presented some challenges.
For example, in oneportwhere a fatigue management project weslivered as a result of
the workshops presented (outlined @hapter6), the athletesvere from achallenging socio
economicbackground Consequently, good sleep and downtime routines pexhaps been
either been norexistent in their development as ayng athlete or at the very least were

not seen as a priority by coaching staff.

A greater, though typical challenge to elite athlete sleep, arises from international
competition, and consequent travel fatigue and circadian desynchrony. This was pailicul
pertinent to the Rio 2016 and Tokyo 20@0ympiccycles. Therefore, the challenge was to
educate practitioners as to the benefits of gaining baseline data in the normal training

environment ahead ahitiating projects relating to potential issuésvolvinglong haul travel.

In line with long haul travel data collectionparticular adversity in relation to the Rio 2016
Olympic Games and sleep and movement behaviour prgjaes a project | discussed with
Team GB in relation to support staff and assessment of their fatigue management practices
RdzNRA y 3 WD This&laa serhimedfdmy conversationsin the lead into the Rio 2016

Olympic Games, with members of the Tea® @nd Paralympic GB) leadership teams and
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key Sport and EISp8rts Sience andViedicine personnel. Given the success of the sleep
projects with some Sports, people in leadership positions for Team GB had rightly questioned
whether we should collect datan Team GB support staff durittigis crucialphase of the
Olympic cycle The aim being this would provide intelligence on the sleep and downtime
practices of support stalR dzZNR& y 3 W D highilglit ang indivi8u@lwith sleep issueasnd

help in the peparation of future Team GB support staff in terms of optimadrking
performance and their overall health and wellbeing durthg critical phase The project
gained some momentum in that | scoped out the logistics of providing resources to be able
to collect the relevant data for such a project (e.g. actiwatches, online questionnaires, staff
availability for analysis and reportingflowever the timing of the project was deemed to be

too close to the start of thdRio 2016 Olympic Games amvdas therefoe postponed with
recognition it would provide valuable information if such a project was launched in the future.

| therefore suggestedhat instead the EIS and Team GB run a pilot project with the upcoming
Winter Olympics (PyeongChang 20a8)/or the 2018 Commonwealth Games (Gold Coast
2018), as both events involveaastward long haul travel and could providaluable
intelligenceahead ofthe Tokyo20200lympic GamesThis idea failed to gather momentum

asl subsequently left the EIS and have been on maternity leave 20BMHd&o far as | am

aware,no one else took responsibility for it within either organisation.

Table7.4 represents some ahe intervieweesperceptions of the chllengesand adversities

faced with the evolution of the fatigue management concept.
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