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ABSTRACT

Academy soccer players partake in high volumes of training and +pktgtout limited
information exists regarding theoptimal dietary practices to fuel such demands
Accordingly, he aims of the thesis were threefold: td)dentify an accurate method of

energy intake assessnievhich quantifiesany selfreporting bias bespoke tAcademy

soccer players, (2)o provide a quantification otthe energy intake and energy
HI[SHQGLWXUH RI $FDGHP\ VRFFHU SOD\HUV RYHU D |
highlighting any fluctuations in energy balance, 8)nvestigate potential stragies to

optimise dietary practices of Academy soccer players to reduce any identified energy

deficits, whilst also examining the impact on soccer performance variables.

Chapter 3aimed to explore the agreement between researcher observed energy intake
and selfreported engy intake in male Academsoccer players using a combined self
repated, weighed food diary and 2¥recall method. Considering the widely reported
bias associated with using isolated gelbort measures, the accuracy of a combined
method was examined. Findings suggetthat the combined dietary data collection
methodis an acceptable alternative tesearcher observed approach wiassessg

energy intake in Academy soccer playgpsoviding tha appropriate adjustmentas

appliedfor the mnor systematic undeneporting.

Chapter 4investigated the energy intake and expemdi of Academysoccer players
during a competitive week. The combined method was used to measure energy intake in
conjunction with accelerometry to quantify energxpenditure. Findings highligéd

thatthemean day energy intake of Acadensoccer players was lower than the energy



expended during a competitive week, producing significant daily energy deficits. The
magnitudes of these deficits were greatest onclmand heavy training days.
Furthermore, prenatch dietary practices were identified asconcern, reporting

inadequate levels of ergy intake to fuel mateplay.

Chapter 5investigated thephysiological and performanceffects ofincreasingpre-
match eergy intakeprior to simulated soccer matgiay, with the aim of reducing the
previously identified significant negative energy balarfeéi@dings demonstrate that
Academy soccer players are able to increasenateh energy intake without
experiencing atbominal discomfort, addressing the previously identified energy deficit
on such daysFurthermore, Wilst increasing habitual energy intakeoducedlimited
benefits to physical performance, increageithbling speed was identifiesyhich may

have practickapplicationto matchplay.

In summary, this research has provided further information concerning ebarydi
practices of Academgoccer players, a population which has received limited focus,
despite substantial implications considering tiigh demand of training and mateh

play in combination with maintaining growth and maturatiddverall findings
demonstrate that energy intake remains relatively stable throughout the week, failing to
account for the periodised approach to training load. Playerssabbsequently
experiencing significant daily energy deficits particular during heavy training and
matchdays. Furthermore, whilst strategies to increaseepegcise energy intake may
help reduce such deficits, limited effects qysiological andsoccerspecific

performancevere identified.



TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

PREFACE

ACKNOWLEDGMENTS

DECLARATION

CHAPTER 1: INTRODUCTION

CHAPTER 2: LITERATURE REVIEW

2.1 Academy soccer structuasmd participation

211
2.1.2
2.1.3
214

Considerations for thedalescent athlete
Demands of soccer matgqitay
Demands of a soccemaining week
Consequences of training and majptay demands
2.1.4.1Fatigueduring training and mateplay
2.1.4.1.1Fuel depletiorduring training and mateplay
2.1.4.1.2Dehydrationduring training and mateplay

2.2 Current methds of energyalance assessment

221

2.2.2

Estimation ofreergy expenditure

2.2.1.1Subjective measures of energy expenditure

2.2.1.20bjective measures of energy expenditure
2.2.1.2.1Doubly Labelled Véter (OLW)
2.2.1.2.2Accelerometry

Assessmenf energy intake

2.2.21 Selfreported, weighed food diaries

2.2.22 24hour recall

2.2.23 Issues of energy intake measures in adolesagmnilations
2.2.2.4Combined methods of energy intake assessment

2.3 Dietary habits of Acadenspccer players

231
2.3.2

Energy balance
Diet composition

2.4 Thesis purpose andhnas

Vi

Vil

Xi

Xii

Xiil

11
13
16
16
22
30

34
34
37
38
40
41

51
53
55
57
61

62
63
68

72



CHAPTER 3: AREEMENT BETWEEN TWO METHODS OF DIETARY DATA
COLLECTION IN MALE ADOLESCENT ACADEMY SOCCER PLAYERS 75

3.1 Introduction 76
3.2 Method 80
3.2.1Participants 80
3.2.2Protocol 80
3.2.3Estimation ofenergy ntake 84
3.2.4 Statistical malysis 85
3.3 Results 86
3.4 Discussion 90
3.5 Conclusion 96

CHAPTER 4: ASSESSMENT OF ENERGY INTAKE AND ENERGY
EXPENDITURE OF MALE ADOLESCENT ACADEMY SOC(ER PLAYERS

DURING A COMPETITIVE WEEK 97
4.1 Introduction 98
4.2 Method 101

4.2.1 Participants 101
4.2.2 Dietary asessment 101
4.2.3 Energy expeatiture estimation 104
4.2.4 Statistickanalsis 106
4.3Results 108
4.3.1Macronutrientsand Micronutrients 108
4.3.2 Energy alance 111
4.3.3 Energy cost ofcévities 113
4.3.4Prematchenergy ntake 115
4.4 Discussion 116
4.5 Conclusion 126

CHAPTER 5: THE EFFECTS OF AN INCREASED CALORIE BREAKFAST
CONSUMED PRIOR TO SIMULATED MATCHPLAY IN ACADEMY SOCCER

PLAYERS 127
5.1 Introduction 129
5.2 Method 136

5.2.1Participants 132
5.2.2Protocol 132

5.2.3Statisticalanalysis 139



5.3 Results
5.4 Discussion
5.5 Conclusion
CHAPTER 6: GENERAL DISCUSSION
6.1 Thesisims

6.2 Refletions on main findings
6.2.1 Accuracy of energy intake assessment
6.2.2 Energy balance
6.2.3 Strategies to optimise nutritional practice

6.3 Limitations
6.4 Future direction for researahd practice
6.5 Main Conclusion

CHAPTER 7: REFERENCE LIST

CHAPTER 8 APPENDICIES
8.1 Appendix A: Dutch Eating Behauir QuestionnagChild (DEBQ)
8.2 Appendix B: Example ofteicsdocuments
8.3 Appendix C: Food Digr(chapter 3)
8.4 Appendix D: Food Diarfchapter 4)
8.5 Appendix E: Rate of Percevd&xertion(RPE)
8.6 Appendix F: Visual Analogue Scale (VAS) GuillRess
8.7 Appendix G: Abdminal Discomfort Scale

141
147
151
152
152
153
153
156
158
160
163
164
167
200
201
202
210
213
218

219
221



LIST OF TABLES

CHAPTER 3:

Table 3.1Food and drink itesh made available for the players during the study 83

CHAPTER 4:

Table 4.1MET intensity hreshodl ard cut points 105

Table 4.2Mean maoonutrient intakes of Academy RFFHU S O Dliffdrerffisteds LHW V

by type of activity day (mean £ SD) 109
CHAPTER 5:

Table 5.1Performance variables as a function of timing and. trial 144
Table 5.2Blood metabolite data as a function of timing and .trial 146

Vi



LIST OF FIGURES

CHAPTER 3:
Figure 3.1 Individual differences in energytake (playereported energy intake

observed energy intakegrsushe mean of theneasurements for emgrintake 87

Figure 3.2 Linear regression scatter plbetweenplayer reported energy intake and

observed energy intake. 88

Figure 3.3. OLFURQXWULHQW FRQWHQWYV RI $FDGHP\ VRFFH
individual total energy intake) expressed relative to activity corrected Recommended

Nutrient Intake (RNI) values. 89

CHAPTER 4:
Figure 41.0HDQ “ 6' PLFURQXWULHQW FRQWHQWYV Rl $FDGF
expressed relative to activity corrected Recomaeel Nutrient Intake (RNI) values.
110
Figure 4.2 Individualised data for estimated daily energy intake (Myahd

expenditure (MJ-d) for each player and the group mean (bold dashed line). 112

Figure 4.3Mean aergyintake (MJ) comparedo mean energyxpenditure (M) for

type of training. 114

Vii



CHAPTER 5:

Figure 5.1 Schematic of trial day procedures 136
Figure 5.2 Layoutof the dribbling test 138
Figure 5.3Dribbling speed throughout each trial (mea8D2). 142

viii



LIST OF ABBREVIATIONS

The following abbreviations have been used throughout the thesis and have been

defined on first appearance in the text.

Abbreviation Meaning

ACSM American College of Sports Medicine
ADA American Dietetic Assoation

AEE Activity-induced Energy Expenditure
ANOVA Analysis of Variance

Bhab Habitual Breakfast

Binc Increased @lorie Breakfast

BM Body Mass

BMI Body Mass Index

BMR Basal Metabolic Rate

Cl Confidence Interval

CMJ Countermovement Jump

CO? Carbon dioxide

Ccv Coefficient of Variation

DC Dietitians of Canada

DLW Doubly Labelled Water

EPPP Elite Player Performance Plan

FIFA Federation Internationale de Football Association
HT Half-Time

2H Deuterium

kJ Kilojoule



LIST Loughbaough Intermittent Shuttle Test

LOA Limits of Agreement

METs Metabolic Equivalent of Task

MJ Megajoule

MVPA Moderateto-Vigorous Physical Activity
180 Oxygen18

PAL Physical Activity Level

P.E. Physical Education

PHV Peak Height Velocity

RMR Resting Metabolic Rate

RNI Recommended Nutrient Intakes

RSM Repeat Sprint Maintenance

SACN Scientific Advisory Committee on Nutrition
SD Standard Deviation

SEM Standard Error of Mean

SMS Soccer Match Simulation

TDEE Total Daily Energy Expnditure

TEF Thermic Effect of Food

U Under

VAS Visual Analogue Scale

Domax Maximal Oxygen Uptake



PREFACE

Peerreviewed publications that have arisen from this thesis:

Briggs, M. A., Cockburn, E., Rumbold, R. S. & Stevenson, E. (2015)\greement
between two methods of dietary data collection in male adolescent acéahny
soccer playerdNutrients 7, 59485960.

Briggs, M. A., Cockburn, E., Rumbold, P. L.,.RRae, G., Stevenson, E. JRussell,
M. (2015). Assessment of energy intalkal energy expenditure of male adolescent

academylevel soccer players during a competitive wedldtrients7, 83928401.

Briggs, M. A., Harper, L. D. McNamee, G.Cockburn, E., Rumbold, P. L.,S
Stevenson, E. J. Russell, M.(2017). The effects of amcreased calorie breakfast
consumed prior to simulated matplay in Academy soccer playeEsuropean Journal
of Sports Sciencén print.

Conference proceedings that have arisen from this thesis:
Briggs, M. A., Cockburn, E., Stevenson, E. & Russell,(®014).Assessment of energy

intake and energy expenditure of male adoleséeademy soccer player®ral

presentation at the European College of Sport Science, Amsterdam, Nederland.

Xi



ACKNOWLEDGEMENTS

Firstly, | would like to thank Professor Emma Stegon and DiMark Russell for their
supportand dedicationthroughout the 5 years of my PhD. You helped keep me
motivated and focused during the stressful tinaesll am extremely grateful for your
guidance and insight.would also like to thank the o#h members of my supervisory
team,Dr Penny Rumbold and Dr Emma Cockburn fbeir acalemic guidance and

expertise.

I would like to saythankyou, in no particular orderto the following people for their
assistance throbgut the PhD: DrLiam Harper Sunderland AFCand Hartlepool
United FC Academy coaches and playeés,. Ged McNameeDr. Susan AllsopMr.

Tom Clifford, Mr. Dean Allerton and Ms. Meghan Brown

| would also like to give my sincere thanks anctgude to all the playersvho
volunteered d participate in this series of studies. Without their cooperation and

willingness to undertake testing this research would have never been completed.

Finally, to my family and in particular my wife Sarakithout you | certainly would not

be where | amadday. | am extremely lucky to have you in my life, without your
unconditional love and support all of this would not have been possible. | would also
like to give a special mention to my son Jude, thank you for the welcomed distractions
and the constant eleky smile on your facélove you both very much, and this work is

dedicated to you.

Xii



DECLARATION

| declare that the work contained in this thesis has not been submitted for any other
award and that it is all my own work. | also confirm that the ithdms fully

acknowledged the opinions, ideas and contributions of others.

Word count:39,505

Name: Marc Andrew Briggs

Signature:

Date:28/11/16

Xiii



Chapter 1: Introduction

Soccer isWKH Z R asOpGHuMr §port (Stolen, Chamari, Castagnayi&loff, 2005),
with 265 million peopt participating worldwide, which includekl.5 million U18 y
youth players(FIFA, 2007). In England alone.2 million youth players compete
recreationally at least once per week (Sport England, 2016),apphoximaté/ one
third of this number registered to clubs andademiesi(e., 820,000;FIFA, 2007).
Academysoccerplayersare engaged in robust training and matthy schedulesn a
season synonymous in length with their adult counterp®tging matchplay,
Academy soccerplayerselicit total match distances of -& km (Gotq Morries &
Nevill, 2015), comprised of 375 + 120 m per half of high intensity runrituggell,
West, Harper, Cook, & Kilduff2015), at a mean wholaatch intensityof 70-80%
®omax (Maximal Oxygen Uptake;Bangsbo, 1994). Such physical demands also
coincide withnumerous skilled actiorsssociated witltompetitive matciplay (Stolen

et al., 2005) Furthermorewith the recent introduction of the Elite Player Performance
Plan EPPP; Premier League, 201Bxademysoccer players in the UK are engaged in
mandatory training volumes of up to 20 h per week, encompassihgical and tactical
training, strength and conditioning and physical training covering ~3800 m per
training session (AbadeGonalves, Leite, & Samai®014; Wrigley Drust, Stratton,
Scott, & Gregson2012).The compulsoryraining volumeof the EPPRn combination
with the associated characteristics of maitdy highlight the significant physical

demands ragjred to participate in soccat this level

Optimised nutritional practicesare important to sustain training and maiolay
demands (Burke, Louck#& Broad, 2006) however he majority of investigations into

soccerspecific nutrition have mainly beeexplored in adult professional soccer



(Caldaron,Teanquilli, & Giampietrq 199Q Clark, 1994;Maughan, 1997; Reilly, 1994
Investigations of dietary practices have reported a wadege of energy consumption
valuesof 5.2-16.5 MJ-day' (Caldaroneet al., 1990 Maughan, 1997; Reilly, 1994
comprised of ~5@5%, ~12-15% and 30-35% carbohydrate, protein and ,fat
respectively Clark, 1994; Maughan, 199y It would however, be misleading to
extrapolate these findings to thee@ddemy soccer player consideruigtinct differences

in stage of growth and maturation, in addition to differendestified from training and
matchplay demands (Goto al., 2015; HarleyBarnes Portaslovell, Barrett, Paul, &
Weston 201Q Wrigley et al., 2012 For example paramegrs of matckplay differ
between age groups with respéatpitch size and match timing, in addition ttutal
distance covereds well asdistances coveredt highintensity (Harley et al, 2010;
Wrigley et al., 2012).Consideringthe differing physical denands associated with
Academy soccer, it is surprisiigatlimited research has examined the dietary practices
of this population to determine if habil energy intake is sufficient to sustain the

demands of training and matpkhay.

In the relatively limited amount of studies investigad nutritional intake of Aademy
soccer players, researchers have reported equivocal fingintgs whether players are
optimising dietary practices to fuel the demands of training and rpésh(Boisseauy

Le Creff, Loyens, & Poortman2002 Russell &Pennock, 2011 Conflicting findings
suggest that whilst some studies identify adequate energy intake in relation to dstimate
energy expenditurer recommended dietary allowand@oisseau et al2002;Iglesias
Gutierrez GarciaRoves, Rodriguez, Braga, Gardapico, & Patterson2005 Rico-

Sanz FronteraMolé, Rivera,RiveraBrown, & Meredith 1998, others highlight issues

of significant negative energy balanc&€dccialanza Cameletti, & Cavallarg 2007,



Leblanc, Le Gall,Grandjea, & Verger, 2002 Naughton "UXVW 2T%R\OH ORL
Abayomi, Davies, Morton, 8ahon 2016 Ruiz, Irazusta, Casis, &il, 2005; Russell

& Pennock, 2011 The ontrasting findings could be explained due to the incorporation

of inconsistent methodologies, making it difficto compare results directly. Estimated
food diaries have been predominantly usedssess energy inta@eer a period ranging

from 4-12 days(Boisseau et al., 2002; Caccialanza et al., 2007; Leblanc et al., 2002;
Rico-Sanz et al.,, 1998; Russell & Pennock, 20Mith little consideration for the
potential undereporting bias associated with such methods (Livingstone & Robson,
2000). In the Inited amount oktudies thahave attempted to increase the accuracy of
energy intake measurds/ using a weighed food diary, no measurement of energy
expenditure was provided to assess energy baldglesi@sGutierrezet al., 2005; Ruiz

et al., 2005)Currently no objective methods of assessing energy expenditure have been
used to assess energy balance in Academy soccer players, with the majority opting for
estimation equations based on selported physical activity level@Boisseau et al.,

2002; Cacalanza et al., 2007; Iglesi&utierrez et al., 2005; Leblanc et al., 2002;

Rico-Sanz et al., 1998Ruiz et al., 2005Russell & Pennock, 2011).

Despite methodological limitationshe majority of studies whichhave provided an
estimate of energy expendglie are in agreement that dietary practices are inadequate to
sustain the demands of training and maitay (Caccialanza et al., 200Zeblanc et al.,

2002 Ruiz et al., 2005Russell & Pennock, 2011 In an attempt to quantify the
negative energy balanessociated witcademysoccer players, mean daily defioits

~2-8.5 MJ have been highlighted across studies in Europe (Caccialanza et al., 2007;
Leblanc et al.,, 20Q2Ruiz et al., 2005 with daily deficits of ~3.3 M specifically

identified in the UK Russell & Pennock, 2011). Such daily deficits may have



implications as chronic periods of saptimal energy intake, coinciding with suskh
periods of high training volumes may impair growth and maturation, whilst also
instigating acute soccerspecific performance detriments @er, 2T1&RQ @H U
Shirreffs 2007; PetrieStover & Horswill, 2004; Thompson, 1998Research that has
investigated kronic inadequate energy intak in adolescent populations has
demonstrated many detrimental effects such as staittre, delayed puberty, poor bone
health and ioreased risk of injury (Bass &ge, 2006). Thus further highlighting the
importance of understanding the energguieements specific to thAcademysoccer
player not only for performance benefits but momportantly to offset any potential

negative health effects.

Whilst studies have provided evidencemé&an negative energy balance in Academy
soccer playergLeblanc et al., 20Q2Ruiz et al., 2005Russell & Pennock, 2011),
information is lacking in th literature to determine where the greatest energy deficits
are occurring throughout the week. Although studies outline mean energy expenditure
values and daily deficitsBpisseau et al.,, 200X accialanza et al., 2007; Iglesias
Gutierrez et al., 2005; Ibéanc et al., 2002Naughton et al., 201&Rico-Sanz et al.,
1998 Ruiz et al.,, 2005Russell & Pennock, 201)]1 these studies do not provide a
breakdown of thalifference between daily activities (e.g., training, rest, match. etc.)
Furthermore, such methedised to determine engrintake (estimatedood diaries)
have previously been questioned due to the associatecegetting bias and lack of
accuracy in youth populations (Livingstone & Robson, 2000). Additionally,
assumptions of energy balancere mae without using objectivenethods of assessing
energy expenditure or in some cases no measukerseojyexpenditure were provided.

Objective methods of assessibgth energyintake and expenditurare necessary to



accurately reporenergy balanceAlthough Doubly Labelled Vdter (DLW) is deemed

the gold standard when assessingrgy expenditurein free living environments
(Plasquj Bonomi, & Westerterp2013), its holistic measure of energy expenditure,
failing to differentiate between training dagad irtensity of exercisenay offer a lack

of insight for researchers ammiactitioners. An alternative to this approach may be to
useaccelerometers, which have been demonstrated to elicit valid and reliable measures
of physical activity in youth within freGving environments (De VrigsBakker,
HopmanRock, Hirasing, & Van Mechelen2006). Due to the equivocal findings
resulting from inconsistent methodologies, clarity of informatregarding dietary
practices in Aademy soccer players is limiteAccurateand objectve measures of
energy balance argarranted to fully understand the energy cost of training and match
play to determine if dietary practices are sufficient to both optimise performahce bu

more importantly to offset argetrimental effects of chramsuboptimal energy intake.



Chapter 2: Lit erature Review

The following literature review will initially disess the prevalence of yousoccer
participationwithin the Academy structurand the subsequent importanceoptimal
dietary pradtes withrespect tanaturation. The review will also quantify the demands
of both training and matciplay associated wittAcademy soccer before examining
methods of assessing energy balance in this population. Finally, anafydistary
habits of Academygoccer fayers will focus on current practices, diet composition and
prevailing energy deficits with comment on potential shortland-term implications.
Throughout the review, studispecific toAcademysoccer will be the primary focus,
however where limited ata exists, investigations utilising adult counterparts will be

explored.

2.1 Academysoccerstructure and participation

Academies are associated with professional soccer @ndgjtilise talent identification
straegies to recruit players with higavels of ability The aim ofan Academyis to
nurturethe ability of youth soccer playemwith the aid of expert coaching, tevelop
players to represent thgst teamat the professional levelntroduced in 2012the
EPPP(Premier League, 2015%yas creaté as a longerm strategy aiming to develop
PRUH DQG LPSURMARYErEViaRHe Academy systenThe EPPP works
acrossa range of age groups, split inttree phases: Foundation (U9 td1), Youth
Development (Ul12 to U16) and Prosemal Develpment (Ul7 to U21)For the
purpose of the thesis, when referring to the term Academy soccer players, this will

relatedirectlyto the Youth Development stage.



Academies arallocated funding from the Premier League based upon their category
status, withcategory one identified as the most elileademy status igraded on
various factors such as training facilitie®aching, educationvelfareand sport science
support. However, hilst elements such as strength and conditgnand sport
psychologyare all prerequisitegor category one status, nutrition is not. Subsequently
nutritional support is often deemed a lesser pricaitg given limited consideration.
Whilst there may be many factors which determine whether or néicademyplayer

is deemed fanted enough to turn professional, optimising the diet to enable adequate
energy for sustainederfomanceand recovery can oplbe beneficial to performance
(Burke et al, 2006) Furthermore, considering the wide age ran§layerstraining

and compting for Academy soccer clubgractitioners are faced with the added
complexity ofaccounting fothe additional energy required fgrowth andmaturation.
However, aknowledgment of maturational status within current studies investigating

the dietary requements of Academy players is seldom considered.

2.1.1Considerations forthe adolescent athlete

Growth and maturation are terms that can often be incorrectly considered synonymous.
Whilst both have the potential to influence physical performance iregoboth are
separate concepts, which can occur at differing rates. Growth is characterised as
changes in body composition, skeletal and muscular dimensions (Tanner, 1990).
Whereas maturation is a process, marking progression toward the adult statégnvolv
the maturation of tissuesyrgans and systems (Armstrong van Mechelen, 2008).
There is large variability between individuals of the same chronological age with
respect to somatic and biological growth and maturation, especially during adolescence

(Mirwald, Baxter-Jones, Bailey, &Beunen 2002).Chronological age is often used as a



method of grouping youth populations both within an educatiandl sportingsetting
(Mirwald et al., 2002). However, this is problematic as development in biological
maturty is notparallelwith chronobgical age (MalinaBouchard, & BatOr, 2004). It

is importantto account for biological maturity, considering the variability in the timing
and tempo of maturation between individuaBaxterJones, 2008 This is a
particurly important consideration, creating further difficulty when attempting to
quantify the nutritional requirements of adolescent athletes, since large variability in
growth and maturation is evident even within the same age g@putpmal nutritional
intake for adolescent athletessignificant, not only for augmentirgports performance

and minimisingthe risk of injury, but more importantly to maintain health, growth and
maturation (Meyer et al., 2007). Nutrition for youth athletes therefore needs to be
viewed in the context of both acute strategies to enhance performance and chronic

practices to support growth and maturation (Unnithan and Goulopoulou, 2004).

It is considered good practice to identify maturational status in studies ysirly
populations (Armstrong &an Mechelen, 2008). One method of assessing maturity is to
identify age at peak height velocitilV; BaxterJones, 2008)The concept of PHVs
referred to as the maximahte ofphysical growth spurt, which is typicaligentified
betwea 11.3 and 12.2 yn boys (BaxtetJones2008). The age &HV can bepredicted
using a nornvasive methodutilising anthropometric measures to assess maturity.
(Mirwald et al, 2002). The technique involves using specific multiple regression
equatiors, to predict year® orfrom PHV, ushg the growth patterns of stature, sitting
statureand leg lengthn addition to body mass and chronological &égéwald et al,
2002).Thus, age at PH\¥an be predicted by relating years fr&hlV to current age

(Baxter-Jones, 2008 providing insight in to the maturational status of the participant.



A study by Malina,EisenmannCumming Ribeiro & Aroso (2004) investigated the
contribution of maturation to speed, power and aerobic performance of Academy soccer
players (1315 y). Stature, mass and maturation were measured in addition to playing
experience. Players were required to participate in three physiological performance
tests, whichmeasured; sprint time (30 m run), power output (vertical jump) and aerobic
cgoacity (yoyo intermittent endurance test). Results indicated that stage of maturation
and years of playing experience accounted for 21% of the variance in aerobic capacity;
mass and stage of maturation accounted for 50% of the variance in sprint timegasvhe
stature and stage of maturation accounted for 41% of the variance in power output.
Therefore, identifying maturation status as having a significant influence on the
functional capacity of Academy soccer players. More recently, a studyd@unn,
Westa, Hill, Johnson and Gibson2016) provided support for the influence of
maturation on functional capacity, identifying a relationship between maturity offset
and sprinting speed, suggesting the greatest variability occursnwittd andU15
Academy playng squads. Findings by Malina et al. (2004) and McCunn et al. (2016)
highlight how stage ofmaturationcan affecthe functional capacity of Acadeynsoccer
players of similar ageThus providing further support for the identification of

maturational statu® contextualise the research findings of nutritional investigations.

The importance of optimising energy intake is particularly important for youth athletes
engaged in rigorous training schedules as inadequate energy intake may reduce the
benefits of port and in some instances cause detrimental effects (Meyer et al., 2007).
Bass and Inge (2006) suggest chronic inadequate energy intake in adolescent athletes

may result in short stature, delayed puberty and poor bone health. Whilst energy intake



for adut athletic populations have been recommended (Caldarone et al., 1990; Clark,
1994; Hargreaves, 1994; Maughan, 1997; Reilly, 199apolating such data to
inform dietary practices for young athletes may bedVised considering observed
differencesAdolescence is a critical period of development (Bass & Inge, 2006), which
is further complicated by maturation. For example, adolescents of the same
chronological age may represent a similar maturational status to children and others
more aligned to adultsYyounger athletes have been identified as less metabolically
efficient (BarOr, 2001), with up to 30% higher energy requirements per kilogram of
body mass when aapared to adults (Krahenbuhl &illiams, 1992. Reasons for such
differences have been atuiied to increask stride frequency (Unnithan & sfon,
1990), higher resting energy expenditure (Rowland, 2004), variations in power output
and mechanical work (Unnithan, Dowling, Frost and ®ar 1999) differences in
subgrate utilisation (Armstrong &Velsman, 2007), voluntary dehydration (Williams,
2007) and greater reliance on antagonist leg muscle contraction ,(FBas®Or,
Dowling, & Dyson, 2002) in younger athletes. However, it is acknowledged that the
aforementioned differences are predominantgnidied in children and are likely to be

less prevalent in adolescents with increasing maturation toward adulthood.

Attempts have been made to produce energy reference values (Scientific Advisory
Committee on Nutrition: SACN, 2011) for adolescents, dafidiating between sex, age

and activity level. These current guidelines are an improvement from the previously
established national dietary reference valispartment of Health, 1991yhich have

been criticised for failing to account for the increasekrgy cost of highly active
adolescent athlete®¢trie et al., 2004 whilst also providing limited consideration for

differences in chronological age and maturational development (Meyer et al., 2007).
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However, SACN (2011) guidelines take in to consitierathe energy cost of growth as

well as a range of physical activity levels, providing a more comprehensive estimation

of energy requirements. Nevertheless, due to the largeimlieidual variability in the

energy cost of training, coupled with thepuedictable onset of growth spurts, devising
bespoke nutritional guidance for this population is challenging (Petrie et al., 2004).
Therefore, despite the improvement in the estimated average requirement values for
energy, such advice must be applied va#tlution Whilst such recommendatiomsay

EH XVHG DV D JXLGH SUDFWLWLRQHUV VKRXOG DLP \
variables to ensure energy intake is able to sustain growth and maturation whilst also
adequately fuelling individualisettraining and matciplay demands(Meyer et al,

2007).

2.1.2 Demands of soccer matciplay

Soccer is an invasive field game, whichtygpically classified as a higimtensity,
intermittent team sport comprised of twtb min halvegStolen, et al., 2005). Brief
periods & high-intensity anaerobic activity are coupled with a larger contributiom
the aerobic sysim to fuel lowetintensity movement patterns (Drust et al., 2000)
Soccer is a complex sport, requiring skilled actions to be completed in rapidly changing
environments, under fatiguing conditio(fSoto et al., 2015)Thusproviding difficulties

in quantifying the energy cost of such demartdewever, aalysis of matciplay in
both elite and nowlite youth soccer has bedacumentedadbeit predominantly outside
of the UK @Buchheit, Mende/illanueva Simpson & Bourdon,201(; Castagna
"T2WWDY L RO®B; £BStdgnalmpellizzeri, Cecchini, Rampinini & Alvere2009;

PereiraDa Silva, Kirkendall, & De Barros Net@007 Stroyer Hansen & Klausen,
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2009, with only two studies focusing on UKAcademysoccer players (Goto et al.,

2015; Harley et al., 2010).

Harley et al. (2010aimedto understand the demands of majtay across a range of
agegroups(U12-U16), whilst competing 6r English professional soccercalemies.
Unsurprisingly results indicate distinct match variables across the age groups. Total
distance covered within matgilay was significantly higheat U16 level (7672 + 2578

m) thanat U12 (5967 + 1277 m; g 0.05), UL3 (5813 + 1160 m; g 0.05) an U14
level (5717 = 2060 m; p< 0.01). However, it is important to acknowledge that
parameters of mateplay differ between age groups with respect to pitch size and
match timing.Similarly, Goto et al. (2015)dentified total math distances from ~7700

m (U16) to ~5800 m (W1), demonstrating a 33% increase €p0.01) between age
groupswithin the same Academy populatioimterestingly, within the W5/16 squads,
players who were subsequently retained by teadémy covered a 17% greater total
match runningdistance (791 + 1264 m vs. 6750 + 1428 m;<0.05) (Goto et al.,
2015). Furthermore, an increase in running distaideighintensity from the U1 to

U1l6 squads was evide(Boto et al., 2015), a finding also identified by Harley et al.
(2010). These fiding may suggest that an important characteristic of olaere
successfulAcademy playersis the ability to cover greater distances at higher speeds.
Harley et al. (2010and Goto et al. (2015)rovideinformation to confirm matciplay
demands differrbm their adlt counterparts (BangsbMohr & Krustrup,2006), thus
applying adukbased soccespecific nutrition guidancé fuel such demandsay not

be appropriate andbespoke nutritional guidanceor Academy soccer players

thereforewarranted.
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The analyss of matchplay demands of UK @éademy soccer players is simikar that
identified in differentcountries. Folexample,total match distances of ~60@000 m
were observed during 820 min matckplay, with up to 30% of total distance covered
at high intensity (Buchheit, et al., 2010; Castagna et al.3;20@stagna et al200). A
study by Le Gall, Carling, Willams and Reilly(2010), supports the notion of
distinctive characteristics among successful and unsduateplayers (Goto et al.,
2015). Results identified significant differences in players from Frencliepsmonal
Ul14-U16 Academysquadswho eventually received a professional contract and/or
international appearanchighlighting afastersprint time overd0 m as well as being
tallerin stature.Whilst matchplay demands of Academy soccer appear to be universal,
the training demands associated with the EPPP are unique to UK Academies, therefore

information quantifying training demands bespoke to this population is warranted.

2.1.3 Demands of asoccer training week

In contrast to matcplay demands the quantgiation of training demands inc&demy
soccer fayers are not well documenteicademysoccer players in the UK engage in
mandatory training volumes of up t@80 h per week in accordem with the newly
adopted EPPRPremier League, 2015Yhis is in addition to other physicdbemands
(school P.E.; county and/or national representation ahner sportingcommitments)
independent of Bademy training, comprising training loads which are gustparable
to nonUK Academy players or indeed UK basédl-time scholar soccer players
(Profesional Development phas@®r adult professionalsThus far no research has
investigated a typical training week for tAeademy playerencompassing additional

eneggy demands outside of Academy trainirtgowever despite this studies have
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attempted to provide insight into the quantificationti@ining loadassociatd with

Academy training schedules

A study by Wrigley et al. (20133 the only study to date tpuantify the typical weekly
training load experienced by youthcAdemy soccer players during thesgason
competitive periodn the UK Payers (U4, U16 andU18 squadswere monitored over

2 weelks using heart rate and ratinfjperceived exertiorDespie differences in training
schedules, esultsattempted tgprovide a breakdown of tramgy mode across the age
groups.Technical/tactical training accountéar 30% of time in U14 and 16, whereas

only 23%in U18. Physical training accounting for 209%2% and 23% in the U14, U16

and U18 respectivelyStrength trainingcontributed toa similar percentageof time
across the three age groups (Ul4, 2096, 22%; U18, 23%)The mean duration of
field training was generally greater in U18L04 min)and U16 {102min) compared to

Ul4 (90 min). Gym-based training duration was similar across ggaups (3085

min) (Wrigley et al., 2012). Findings demonstrate evidence ofrelgéed increases in

the intensity and volume of training, with differences in the peritidisaof weekly
training load(Wrigley et al., 2012) Whilst findings provig insight into the weekly
loads experienced by Academy playelis is worth acknowledging that this data
collection period was during the 2010/11 season, prior to the introdudtitbe &PPP,
therefore findings may not fully represent the new training requirements of Academy
soccer players and thus need to be interpreted with cauEarthermore, a
quantification of energy demands were not presented, providing limited insighé on th
energy cost of the reported training load. Thus information upon which to base

recommendations of optimal dietary practices to fuel training, still remains unclear.
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Albeit not UK based Abade et al. (2014) aimed to determingrafile of regular
training sessiongerformed during the corefitive season by 1511%, U17 andU19,
elite-level Portuguese soccer playeBody-impact (any aspect of contact with the
opposition) and time motion analysis was derived from GPS data collection over a 9
week inseaon training period. Results identified the highest totaladw#s covered
were in the U7 squad (4648 + 832)mfollowed by U19 (4213 + 935 m) and U15
(3965 + 725 m players With regards to the physicality of the trainingtal body
impacts and relater impactswere lower inU15 players(total: 491 + 310; p< 0.05),
althoughno significantdifferences were ideified between 17 (total: 584 + 36dand

U19 (total: 613 = 329 However, the U9 players had less hightensity activity (above

16 km/h and noderateintensity activity (10.015.9 km/h than UL5 andU17. Abade et

al. (2014) state there is high variability in periodised programmes between age groups
and whilst there are distinct differences caution is needed when extrapolating
meaningful trendsThe lack of detail presented regarditig frequency and length of
training practiceswithin the different ag groups provided difficultiesni comparing

such demands with UK Academy training

Whilst the findinggeported by Wrigley et al. (2012nd Abae et al. (2014{provide an
insight into the typical training load ohcademysoccer playersno information is
provided on energy expendituréurthermore, these studies do maicount forthe
additional eneggy cost of exerciseoutside of the Aademy.This is an important
consideration for Academplayerswho will likely have additional physical exertion in
the form of school P.E. or extrrricular sporting activities. Auantification of energy
cost isrequiredin the context okJ or MJ, to contextualig training loadand prescribe

nutritional guidelines for this populatiokVhilst there is evidence to suggest training
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load and volume differs between Academy age groups (Abade et al., 2014; Wrigley et
al., 2012), it is unclear how this is reflected inmer of energy expenditure.
SubsequentlyAcademyplayers are unable to accurately fuel the demands of training
and matchplay, therefore haviniimited informationto offset the modulating effects of

soccer performance with regards to fatigue, fuel depletia dehydration.

2.1.4Consequences of training and matciplay demands

The ability to sustainhe demands diraining and soccer matgdiay is integral to the
perfaomance outcome (Krustrup, Mohr, Steensberg, Bencke, Kjaer & Ban?Q@06)
Transient chnges have been identifiedroughoutmatchplay (Krustrup et al. 2006)
and in particular,from 45 min onwards (Harper, Hunter, Parker, Goodall, Thomas,
Howatson, West, Stevenson & Russ@0l16; Harper Clifford, Briggs, McNamee,
West, Stevenson & Rus§e201@; Mohr, Krustrup & Bangsbo, 200Russell, Sparkes,
Northeast & Kilduff, 2015; RussellBenton & Kingsley, 2011b). Sustaining
performance levels are likely to be modulated by a number of factors, for example
hydration status, ratand typeof fuel utilisation and onset of fatigud.he following
section willcritically examinefactors which affectthe ability to maintain performance

levels in soccer and thémpacton subsequemterformance outconse

2.1.4.1Fatigue during training and match-play

Fatigue can be descrith@san acute impairment of performaniceluding an increase

in perceived effort and/or any reduction in the ability torereaximal muscle force or
power (Rampininj Bosio, Ferraresi, Petruolo, Morelli & Sass2011). Studies
investigatingfatigue inelite level professional soccer players have identified decreases

in the total amount of sprints, hightensity running and distanced covered in the
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second half Bangsbo, Norregaard & Thorsoe, 1991; Bangsbo, 1B®&hr, Krustrup,
Bangsbo,2003a; Rampinini et al., 20LWhilst the exact causaf fatigue still remain

a topic of debateMohr et al., 2005Reilly, Penpraze, Hislop, Davies, Grant & Patton,
2008; RussellBenton & Kingsley,2012) detriments to performance and the causfes
matchrelated fatigue are complex and likely to be multifaceted in origin, involving
mechanisms acting centrally (Reilly et al. 2008), or penialty (Alghannam2012).
Physiological esponsesmpacting thecentral nervous systefMohr et al., 2005ad
disturbances in acilase balancéRussell et al., 2012jibre-specific muscle glycasn
concentrationgKrustrup et al., 2006 hydration status (Bangsbo et al., 2006) and
reductions inblood glucoseconcentrations(Bangsbo et al., 2006) are all likely
contributors to fatigueAlthough fatigue in soccer has been well documented in adult
studies, limited findings havbeen determined for youthlayers howeverin studies
investigating adolescent populationgsults suggest thakesponses may not differ

markedly(Harper et al. 2018 Harper et al., 2016 Russell at al., 201).

It is accepted thatlite adultsoa@er performance can be detrimentally affeatieding
the second half and toward the end of matiely, as well as transiently during interesiv
periods throughout the 90 min perifdohr et al., 2005). Mohr et al. (2003z)mpared
the impact of fatigue on televel vs moderatdevel adult professional male soccer
players using time motion analysis to track mafglay movementResults indicate
that regardless of playing standard and position,-hitgnsity runningwas reduced by
3545% in the last 15 mins of matghlay when compared to first half performance
Analysis of the most intense period of the matcheded that only 3% of players
experienced this in the last 15 mins, with ~408¢6ordingthe least intensivactivity

spellduring the same perio&uch decrements in performamoayindicatethatplayers
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are utilisingtheir full physical potential during mateplay. Furthermore,after peak
periods of highintensity activity, performarewas reduced by 12# the following 5

mins in relation tothe total matctplay average (Mohr et al., 2003a). Explanation of
such decreases in performance following intense periods oiritigisity activiy could

be indicative of tactical changes or natural fluctuations in lmalimy. However,
Krustrup, Mohr, SteensbergBencke, Kjar & Bangsbo(200la VXSSRUWV O0ORK
(2003a) findings of temporaryafigue during matciplay. Krustrup et al. (2008
highlighteda significantly reduced sprint performarinenmediatelyafter intense periods
throughout the first half, however sprint performance was recovered when assessed at
the end of the first half. The findings of Mohr et al. (2003a) and Krustrup et al. (2003a)
provide evidence of transient fatigue during mattdy suggesting it is more complex

than a linear effect of time.

Research findings also indicate that immediately after a passiveirhalfperiod,
performance levels araffected Mohr et al. (2005) id&tified the initial stages of the
second half as a period of reduction in aspects of team performance. Mohr et al. (2005)
findings demonstrate 20% of ehtevel soccer players experience their least intense 15
min period following the start of theesondhalf, with a significantreduction in ligh-
intensity running In suppor of this finding, Weston, Batterham, Castagna, Portas,
Barnes, Harley and Lovel{(2011) also reported thattal distance, higispeed running
distance and sprinting distance édicreasel between 450 min in comparison to the
first 15 min of match playFurthermore, a significant inease in risk of injury haseen
identified in the first 20 minsf the second half (Hawkins & Fuller, 1994). In addition,
Rahnama, Reilly and Lee®002) conducted an analysis of premier league soccer

matches throughout a season and found that injuries were most frequent during the first
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15 mins of the second half. Whilst factors contributing to increased risk of injury are
likely to bemultifaceted in ogin, the onset of fatigue as a result of first half activity
and insufficient recovery during half time may heartly responsible (Russell et al.,

2015).

Consistent findings of socceelated fatigue on physiological parameters have been
documented Bangsbo, 1991; Bangsbo et al., 19%arper et al., 2018 Mohr et al.,
2003a;Rampinini et al., 2011 however investigations concerning the effect of fatigue
on technical skilbased actions during matgihay are seldom reported. Russell et al.
(2011b) conduwcted the only study to date to examine the effects of exeradseed
fatigue on skills performed during a socoeatch simulationin youth populations
Academysoccer players (n = 15)olunteeredio partake ina socceispecific protocol

which was purpodally designed to replicate the physiological demands of rrgla

whilst also assessing the precision and success of skilled actions such as passing,
dribbling and shootingMatch-related fatigue was evident withshooting precision and
passing speed.hBts posimatch were 26% (p < 0.05) less accurate thebaseline
scores and passing speed reduced®® (p< 0.05) in the last 15 min of matgiay in
comparison to the first 15 ming:urthermore,both shooting and passing speeds
produced slower executiaturing the second half when cpared to the first half (both;

p < 0.05), however dribbling performance was deemed to be unaffected throughout
matchplay. Russell et al. (20b) suggesssoccerspecific skills are also detrimentally
affected during matchplay, producing similar decrement patterns to oregul

physiological parameters.
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Information on the impact of fatigue on performance variables within youth soccer
populations is linted, which is especially concerning considering physiological
differences between youth and adult@rmstrong and Welsman, 2007; Bar, 2001;
Rowland, 2004Unnithan et al., 1999Findings of a biopsy study of 22 malesi3 y)

found a highly significant negative relationship between the proportion of type | fibres
in the vadtis lateralis and age (Lexell, Sjostrom & Nordlund, 1992 proportion of

type | fibres decreased from ~65% at 5 y to ~50% at 20 y, with a levelling off thereafter,
suggesting an age related decline toward full maturation. Furthermore, an increase in
type | fibres during childhood may highlight a greater oxidative capacity, due to the
increased mitochondrial density and oxidative capacity associated with type | muscle
fibres, coinciding with a decreased capacity for PCr and glycogen content as well as a
reduction in ATPase and glycolytic enzyme activity (Armstrong and Welsman, 2007).
Therefore such differences mawpfluencethe energy stores and subsequent substrate
utilisation of Academy playergdependentipon stage of maturatignjnpacting on the
medanisms of fatigue. Whilst ATP stores in adolescents appear to be similar to adults
(5 mmol-kg! wet weight muscle; quadricepts femoris), PCr concentrations seem to be
age dependant (Eriksson 198Mrepubertal males averaged 14.5 mmotkget
weight, rsing to values comparable with adults, 23.6 mmot-kget weight, at 15 y
(Eriksson 1980). Furthermore, muscle glycogen at rest averaged 54 nifnualetg
weight at 11 y, progressively increasing to 87 mmot-kget weight by 15 y, similar to

adult findings(Eriksson 1980). However, total glycogen staresdolescentsvill still

be lower, considering differences in muscle mass.

From thelimited amount ofstudies available findings suggest that Azademy soccer

S O D\ re&pdifhe to mategplay is similar © their adult counterpart@Harper et al.,
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2016b) however, although stage of maturation was not provided, caution must be
applied as mean age was 17 £ 1 y suggesting players were beyondi&iget et al.
(2016b) investigated the physiological responsed acidbase balance of Academy
soccer players during a soccer match simulation. Results demonstrate a reduction in
second half sprint speed compared to first half performance. Furthermore, perception of
exertion of all aspects of soccer maghy was sigificantly higher in the second half
compared to the first (p < 0.05). However, mean and peak heart rate in addition to blood
lactate concentrations produced similar values throughout 90 mins of -piajch

(Harper et al., 2016b).

Detriments to performaec and the causes of mateHated fatigue are complex,
however, depletion of liver and muscle glycogen has been attributed as one of the main
mechanisms of fatigue in soccer mafthy (Krustrup et al. 2006 herefore, restoring
muscle glycogen stores gewatch has been a topic of interest, highlightpast
exacise glycogen synthesis rad@ important factor in determining the time needed to
recover To optimise glycogen synthesis rates, sufficient amounts of carbohydrate
should be ingested @Bgstrom ad Hultman, 1966; Ivy, Lee, Brozinick & Reed, 1988

An early study by Blom, Hostmark, Vaage, Kardel and Maehlum, (188&)rted
maximised muscle glycogen synthesis when carbohydrate was consatm2dh
intervals in doses equivalent to 0.35 g'kgl. In a similar study Ivy et al. (1988),
reported greater carbohydrate intake (0.75 9-kg) optimised glycogen synthesis,
although an intake of 1.5 g-Kgh! provide no significant increase in storage rate.
Higher glycogen synthesis rates have been repantestudies in which carbohydrates
were ingested more frequently and at higher ingestion.r&pscifically in soccer

players, Jenjens and Jeukendrup (2003), suggested an optimal carbohydrate intake of
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1.2 g-kg!-h! postexercisgand at 1560 min intevals forup to5 h enables maximum
resynthesis of muscle glycogen storessulting in improved recovery for subsequent

exercise.

Whilst mechanisms of mataielated fatigue are complex, depletion of liver and muscle
glycogen can benodulated by prexecise nutitional status (Anderson, Orme, Di
Michele, Close, Morgans, Drust & MortoB016), and recovery strategiedgnjens and
Jeukendrup, 2003%uggesting optimising energy intake, in particulargxercise, may
attenuate the onset of fatigairing matchplay. Furthermore, considering the high
demands of training and matplay experienced by the Academy player, combined
with increased energy requirements to sustain growth and maturation, limited

information is available on optimisingich dietary pretices to offset fatigue.

2.1.4.1.1Fuel depletionduring training and match-play

Optimising nutritional practices ideemedmportant to sustain trainingnd matckplay
demands (Burke et al2006) Corsequently,research attempting to minimise fuel
depletion during exercise has received considerable attehti@n early study, Saltin
(1973) demonstrated the importance of muscle glycogenstifassequent exercise
performance. Resultevealedhat payers commencing exercise wijheatermpre-match
musde glycogen concentrations redddee rate of glycogen depletiabservedt half
time, covered25% more total match distan@nd experienced ~10% increases in high
intensity running when compared #®low carbohydrate groupWhilst contrasting
findings havebeen demonstratgdacobs, Westlin, Karlsson, Rasmusson & Houghton,
1982; Leatt & Jacobd4,989) reporting more sustained levels of muscle glycogen during

soccer performancéhe findings ofKrustrupet al.(2006) support Saltin (1973)esults
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of matdi-related fatigueKrustrup et al. (2006) identified a 43% decrease in muscle
glycogen, with further analysis reporting that 50% of single muscle fibres experienced
depletion or near depletion in glycogen concentrations as a result of-ptaychs well

as experiencing fatigue transiently throughdbe 90 mins More recently, when
compared to ingestion of 3 A'NBM carbohydrate,Souglis, Chryssanthopoulos,
Travlos, Zorzou, Gissis, Papadopoulos & Sotiropoul@®13) observed improved
match performance (i.e., total match distances, including increased distance covered in
all running intensities performed) wh players commenced competiticafter
consuming JANBM of carbohydratefor the 3.5 days prior to the gam€hus
highlighting energy intake in the days preceding mgiely as an important area of
considerationln addition, Goedecke, White, Chicktdyahomed, Durandt, & Lambert
(2014) identified an improved time to fatigue during a simulated soccer match when
players consumed a 7% carbolgter solution during mateplay, offering a within

matchplay strategy to attenuatiee effects of fatigue.

Prevous research has predominately recruited adult soccer players, with limited
investigations examining the rotd fuel depletion during Acadenmsoccer matciplay,
primarily due to ethical issues associated with invasive procediresldress the scant
studies availableRico-Sanz, Zehnder, Buchli, Dambach & Boutellig999) used non
invasive magnetic resonance gpescopy to determine individual muscle glycogen
depletion during a soccenatch simulation with elite youth players. Whilst yaneercise
nutitional intake is not reported, results indicated a reduction in muscle glycogen
content of ~35% at the end of ~45 mins. R&anz et al. (1999) also identified a
significant correlation between glycogen utilisatand time to exhaustion & 0.05),

suggsting glycogen is an important factor for soccer magwtdy, and carbohydrate
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intake should be considered mrercise.Therefore, it may seem th#te impact of
glycogen depligon of soccer performance isimilar to that of adult counterparts
(Krustrup etal., 2006; Saltin, 1973)howeverthis may be expected consideritige
mean age of the sample was.4 +0.8y, which would insinuateé maturation status
similar to their adult counterpatiowever no determination afaturity was measured
In a subsequénstudy, Zehnder, RiceSanz, Kuhne and Boutellig2001) examined
whether habitual dietary practices of youth soccer playen® sufficient to restore
glycogen levels following fatiguing matgblay. Results identified a diet comprised of
J A'Nalbolydrate replenished glycogen stores by up to 90% oeépeecise levels
within 24 h However the sample consisting of players with a mean age of110.8,

again, more than likely representing full maturation status comparable with adults.

In the relatvely limited research witn youth soccerstudies havéocused on methods

of attenuating fatiguenduced performance detriment$hillips, Turner, Gray,
Sanderson and Sprou{@010) published the first study to examine the influence of
carbohydrate ingesin immediately before and during a soespecific exercise
protocol with adolescent (124 y) participants. A 6% maltodextrin solution was
compared to a taste, colour and textom&tched placebo. The dose was comprised of 5
mL-kg? BM 5 min preexerciseand 2 mL-kg't BM every 15 min during exercise.
Findings highlght a significant increase (%) in time to exhaustion consuming
carbohydrate compared to placebo (Phillips et al., 2010). Whilst this study supports the
findings of adukbased research usingmdar methods (Dar¢, Welsh & Alderson,
2000; Nicholas, Williams, Lakomy, Philips & Nowit2995 Welsh, Davies, Burke &
Williams, 2003, the improvement is lower than previously reported-%3%0). The

large improvement in highntensity intermittent endance capacity within adult studies
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is explained by the sparing of endogenous muscle glycogen as a consequence of
carbohydrate ingestion, increasing blood glucose uptake and oxidation (Davis et al.
2000; Nicholas et al., 199%elsh et al., 2002 However, Phillips et al. (2010) was

unable to support such conclusions due to no collection of blood metabolite data.

One possible reason to explain the lower, yet significant, improvement in time to
exhaustion within adolescent participants (Phillips et al10R0compared to adult
findings replicating similar methodologies (Davis et al. 2000; Nicholas et al.,; 1995
Welsh et al., 2002 may be due to the physiological maturity of the participarts.
participants within the study conducted by Phillips et2010) were a mean age of 13

y. Lower muscle glycogen concentrations have been identified in early adoldd@nts

14 y) comparée to adults (Aucouturier, Baker & Duch&008), although this is
correlated with maturationyith more comparable responses oledrin adolesents

with maturationstatustoward adulthoodFurthermore while endogenous carbohydrate
utilisation during exercise is lower iearly adolescence thasuring adulthood, the
relative oxidation of exogenous carbohydriateonsiderably highgfTimmons, BatOr

& Riddell, 2003). Therefore, the greater reliance on exogenous carbohydrate in early
adolescence may be important in preserving endogenous Stbresnay suggest that
although the 6% carbohydrate solution ingested in Phillips e2@10f studyresulted in
augmenting performance compared to the placdbs,may still not be sufficient to
match performance improvemeidgntified in adult populations and a higher dose may
be requiredHowever, with the lack of metabolic measures, conghssare difficult to

determine.
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In a laterstudy by Phillips, Turner, Sanderson and Sprd2@12), the focus shifted to
examining the optimal carbohydrate dose for performance improvements. Performance
effects of maltodextrin concentrations of 2%, 6%dal0% were investigated,
consuming 5 mL-kg BM 5 min preexercise and 2 mL-k§BM every 15 min during
modified version of the Loughborough Intermittent Shuttle Test (LIBfdtocol.
Findings highlight the 6% solution as the most effective, demonsjraai 34%
significant improvement in time to exhaustion when coregato 10% solution, in
addition to a 1% improvement against 2%olution albeit not statistically significant
(Phillips et al., 2012). Interestingly this study provides insight in to tiengial optimal
guidelines foryouthsoccer performance, suggesting these may not be synonymous with
adult recommendations (Jeukendrup, 2004), with adult studies reportirgigmificant
improvements (NassidVilliams & Chisnall, 1998) when ingesting sitar rates to
Phillips et al. (2012). In an attempt to explain the lack of influence during the 10% trial,
Phillips et al. (2012) posit that the reasons are inconclusive and may not be simply a
case of exceeding the maximal rate of carbohydrate absorptmxidation. Moreover,

D SUHIHUUHG MXVWLILFDWLRQ RI ILQGLQJV ZDV DWWU
time to exhaustion and relative small sample size (Phillips et al., 2012), suggesting an

individualised response to this level of carbohyeliatake.

Regardless of carbohydrate dose, evidence suggests a limited influeac@aesnbic
performance (Phillips et al., 201 Phillips et al., 201Rin youth soccer players. The
nonsignificant treatment effect on sprint performance support sirsiladies in adult
populations (Davis et al., 2000; Nicholas et al., 199%)o were also unable to offset
sprinting decrements with exogenous carbohydrate supplementation. Furthermore,

sprinting performance not only declohéut interestingly the magnitud# the decline
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was greater than that demonstrated in adult populations. Whilst previous adult studies
have shown a mean sprint time increase of 0.08 sec between the first and last block of
exercise in both carbohydeatand placebo trials (Aliwilliams, Nicholas & Foskett,

2007), a 0.20 and 0.19 sec sprint time increase was identified in carbohydrate and
placebo trials respectively during Phillips et al., (2010) study. This finding provides
contrasting evidence to the suggestion that adolescents mayydispltaater resistance

to fatigue compared to theadult counterparts (RatdDuche, Hennegrave, Van Praagh

& Bedu,2002).

With regards to the improvemerdssociated with carbohydrate supplementation during
soccer performancsiudies have attemptedésplainthe mechanisms underpinning the
purported benefitsA 22% reduction in type | and type Il muscle glycogen utilisation
during the first ~75 min of soccer specific exercise has been reported when consuming a
carbohydrate beverage (Nicholas et al.93)9 This has been attributed to exogenous
carbohydrate oxidation, sparing endogenous stores; greater activity of the pyruvate
dehydrogenase complex due to hyperinsulinaemia; lower blood lactate concentration
and glycogen resynthesis in type Il fibres doeelevated blood glucose and insulin
levels (Nicholas et al., 199%lowever, it is important to note that only a small amount

of exogenous carbohydrate appears to be oxidisadade available for oxidation, in

the first hour of exercise regardless ofettrer carbohydrate exerts an ergogenic effect
(Jeukendrup, Brouns & Wegenmakers, 1997) or not (McConell, Canny & Daddo,
2000).Furthermore, whilst significantly greater carbohydrate oxidation rates have been
highlighted in studies investigating the effects carbohydrate ingestion (Ali et al.,
2007), along with a strong trend for attenuating blood free fatty acid (Davis et al., 2000)

and fat oxidation (Ali, 2009), this has not always been consistent (Nassis et al., 1998).
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Nassis et al. (1998) reported mxiiease in carbohydrate oxidation despite carbohydrate
supplementation, although this may be explained by protocol issues, as infrequent blood

sampling and small sample size may impact findings.

A significantly lower heart rate has been reported in daydmate trials when compared

with a placebo (Davis et al., 2000), suggesting reduced stress on the cardiovascular
system, enhancing the ability to maintain higher intensiiea given heart rate,
possibly contributing to an improved intermittent exercisgpacity. However,
contrasting evidence demonstrates that carbattgcdexerts limited influence dmeart

rate and plasma volume during team game exemiggjestindieart rate responseas
ineffective mechanism to explain carbohydrate supplementafine{ al., 2007).
Furthermore, Ali et al. (2007) highlighted increddeeart rate duringoccerspecific
exercise when consumingarbohydratemainly due to the increased abjlito elicit

faster sprint timesluring the run to exhaustiotmproved sprintperformance during
carbohydrateelectrolyte trials have been attributed to maintenance of blood glucose
levels, enabling greater muscle and cerebral metabolism (Ali et al., 2007; Welsh, 2002),
therefore maintaining central nervous system function, allowatter maintenance of
power output and muscle glycogen sparing. Howesach conclusion have received
criticism as blood glucose concentrations did not reach hypoglycaemic levels in the
carbohydrateslectrolyte or placebo trials in both Ali et al. (200&hd Welsh et al.
(2002) studiesParticipants in Ali et al. (2007) were in a fasted stateexercisewith
depleted glycogen stores, which may explain the improved sprint performance in the
carbohydrateslectrolyte trial, as short duration, maximal im&ty exercise can be
attenuated if muscle glycogen levels fadlow a critical threshold (~200 mmol-kg dry

weight; Bangsbo et al., 2006lherefore, ingestion of carbohydrate may have provided
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a sufficient supply of glucose to the muscle to enable greptent performance in the

glycogendepleted state compared with placebo.

Despite some contrasting findinggyrent research investigating the effects of a pre
exercise carbohydrate solution youth soccer players, present clear evidence of
augmentingime to exhaustion (Phillips et al., 2012; Phillips et al., 20H@Wwever,it

is the technical actions such as passing accuracy to create a goal scoring opportunity or
shooting precision to convert such opportunities which ultimately determine thes result
of matchplay. Russell et al. (2012) is the only study to date to examine the influence of
carbohydrate ingestion on the execution of soespecific skills in an adolescent
population. Utilising a 90 misoccer match simulation, elicitimgovement pattas and
intensities relative to matgblay; speed, precision and success were examined for
dribbling, passing and shooting execution. Findings demonstrated a 6% carbohydrate
electrolyte beverage attenuated detriments in shot speed by 10% compared t placeb
(Russell et al., 2012)Vhilst mechanisms to determine improvements remain unclear, it

is conceivable that the exogenous carbohydrate increased blood glucose concentrations
influencing the decisiomaking processes and subsequent performance of the skill
(Russell et al.,, 2012). This idea is supported by Bandel@aughan, Shirrefs,
Ozgunen, Kurdak, Ersoz, Binnet and Dvofak10), reporting faster finenotor speed
during periods of higher blood glucose concentrations after soccer -plajch
However, suclexplanations fail to account for the lack of influence over other elements
of skill execution within Russell et a{2012) study, combined with the omission of
cerebral glucose flux measures, offers a lack of support for the purported benefits.
Blood glumse concentrations during the carbohydedeztrolyte trial were elevated

beyond placebo both pexercise and at hatime, although carbohydrate treatment was
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unable to sustain the higher levels immediately aftertial and at 90 mins (Russell

et al, 2012). This finding suggests that a 6% carbohyekhdetrolyte beverage is
unable to attenuate glycaemic responses indicative of rpégh during the
commencement of the second half and towards the end of 90 mins (Russell et al., 2012),
which may be dtical for successful execution of socegecific skills and subsequent

performance outcome.

While it is important to understartle impact of fuel depletion on training and match
play and the subsequent effect on soccer performance varikliésd gudies have
considered energy balandeor example, prenatch energy intake requirements may be
effected if players are in a state of negative energy balance the previous day.
Additionally, studies investigating the performance effects ofnpaitch intakeoften
administer the intervention dose in a fasted state (Phillips et al., 2012; Phillips et al.,
2010), questioning the ecological validity of the research deBignthermore, seldom
information exists to understand the habitual dietary practices ofefvadoccer

players both on training days and ypnatch to understand if energy intake is optimal.

2.1.4.1.2Dehydration during training and match-play

Increased energy expenditure resulting from training andhapddy coincides with an
increase in ratabolic activity. Such activity is associated with high levels of metabolic
heat production, as ~780% of energy is converted into heat within therking

muscles (Shirreffs AragonVargas, Chamorro, Maughan, Serratosa & Zachwieja,
2005). Moreover, durid KLJK DPELHQW WHPSHUDWXUHYV WKH ER
increased(Laitang Runco & Baker,2014). The primary mechanism to remove the

accumulation of body heat is via the evaporation of sweat from the surface of the skin
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and a modified blood flowotthe periphery for heaissipation (ConvertindArmstrong,

Coyle, Mack, Swaka, Senay & Shermaf96) While sweatings a necessary response

to exercise to maintain core body temperature, this may result in sweatirggd
dehydration (Maughan, MersoBroad & Shirreffs, 2004 Dehydration is characterised

as the process of body water loss and is often contextualised in terms of changes in
body mass pre and post exercise (Laitano et al., 2GFLd)hermore, ti is generally
accepted that sweat losses igglent to >2% of body weight may induce perforroa

degradations (Cheuvront, Montain & Swaka07).

McGregor, Nicholas, Lakomy and William§l999) and Maughan et al. (2004)
examing the effects of dehydration during elite soccer performance. Whist MoGre

et al. (1999) study design was lab based, participating in 90 min of sspmic
exercise in two conditionseither abstaining from fluid intake or consuming 5 mtkg

BM immediately before exercise and 2 mtkBM every 15 min during the protogol
Maughan et al. (2004) offered a more fteeng design. Dehydration of 2.5% was
reported in the no fluid condition, resulting in an increased rating of perceived
exhaustion when compared to the fluid intake trial, which produced dehydration of
1.4% (MdGregor et al., 1999). Comparable findings were identified by Maughan et al.
(2004) with sweat loss resulting in moderate hypohydration (mean body weight
decrease of ~1.4%). However, only the group abstaining from fluid, displaying
dehydration of 2.5% slovaesprint performance and reduced dribbling speed by 5% post
exercise. Conversely, dehydration did not affect cognitive function (McGregor et al.,
1999), a key aspect of the decision making process within soccer. Both studies
highlighted large individual vability, with Maughan et al. (2004) suggesting the rate

of sweat loss of both water and solute can vary substantially in soccer players despite
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competing within the same training session and environmental conditioosntrast a
study by Owen, Kehoe dnOliver (2013) reported no effect on passing and shooting
accuracy despite differing levels of dehydration (2.5%, 1.1% and 0.3%), although skills

tests used were not comparable to that of McGregor et al. (1999).

The aforementioned studies investigatmglration in elite soccer have all used adult
participants with only a limited number of studies providing information on youth elite
populations.Whilst similar trend may be evident, it is important to acknowledge the
issues surroundinghysical andohysological differences influencing thermoregulation

in young peopleCharacteristics that change during growth and maturdion body

surface area to mass ratio, blood volume per unit of body surface area, sweat gland size
etc; Falk and Dotan, 2008),ldHFW WKH ERG\TV DELOLW\ WR ERWK
heat.However, as these occur at differing rates the thermoregulatory effects are difficult
to quantitatively evaluate. Therefonghen attempting to extrapolate findings derived
from research ingstigatios on hydration, it is important to consider the maturational

status of the participants.

In one of the limited hydration investigat®with elite youthsoccer playetDa Silva
Mindel, Natali, Filho, Alfenas, Lima, Belfort, Lopesnd Marins (2012) assessed the
pre.game hydration statusnd fluid balanceluring habitualmatchplay, albeit in high
ambient temperatures. Meaweat lostwas ~2.2 L. with ad libitum fluid intake
equating to ~1.1 LFindings also indicted that players were in aest@it moderate
hypohydration preexercise, questioning practices leading up to the onset of +pktgh

In addition no relationship was reported between the total volume of sweat lost during

matchplay and the volume of fluid ingested, with players onlyhstoning fluid
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equivalent to~50% of their sweat loss resulting in a dehydration state of ~M\@itst
performance variables were not meaduehydrabn trends when consuming fluids

ad libitum were similar to adult counterpar(®©wen et al.,2013). Williams and
Blackwell (2012) investigated the hydi@ti status and fluid intake of English
professional Academylayers, in more appropriate temperature conditions for this
population(average temperature in the UKy agreement with findings from Da Silva

et al. (2012), 14 of the 21 participants were deemed to be in a hypohydrated state pre
exercise. Fluid lost during exercise equated to ~1.7% body mass, however when
accounting for thed libitumfluid intake this resulted in only a 0.5% dehydrated state.
Considering the purported detrimental performance effects of competing in a
hypohydrated state (Maughan et al., 2004; McGregor et al., 1999), youth soccer players
should consideboth strategies to addretgs during matchplay but more importantly

pre-execise (Da Silva et al., 2012; Williams and Blackwell, 2012).

Considering the impact of fatigue, fuel depletion and dehydration, resulting from the
high demands of training and matplay, habitual dietary intake, including choice of
food and fluid, may thefore have consequences on maintenance of physical and
technical soccer performancelowever, thus far limited information exists on the
accuratequantfication of energy expenditure experienced the Academy soccer
player to objectively inform dietary mactices. Whilst studies have attempted to
investigate training and matgiay loads, quantification of energy expenditure is
lacking Harley et al.,, 2010; Goto et al., 2018/rigley et al., 2012) Furthermore,
utilising accuate and objective measures tdetermine energy expenditure is

fundamatal to the development of accuraited reliable information.
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2.2 Current methods of energy balance assessment

Energy balance occurs when energy intake is equal to energy expenditure, with
disturbances in this equililim creating either a positive or negative staimsidering

the demands of training and matglay combined with growth and maturatjoouth
athletes are particularly affected by energy imbalance (Thompson,. E988)y needs

of youth athletes are deéd as the dietary intakeequired to balance the energy
necessary for both internal and external work, as well as growth and repair of tissues
(Giovannini Agostoni, Gianni, Bernard& Riva,2000) However, gldomhavestudies
implementedvalid and relable designs to accurately measure energy balance in youth
athletic populations (Thompson, 1998), providing limited understanding of this concept.
Subsequently anyuidelines derived from findings based on inaccudatta collection
methods shoulde intepreted with cautionThe following section will address the
current methods of energy balance assessment and associated issues of practical

application in frediving designs.

2.2.1 Estimation of energy expenditure

Energ expenditure can be described asdhergycost of behaviour (Hills, Mokhtar &
Byrne,2014), which encompassBasal Metabolic Rate (BMRResting Metabolic Rte
(RMR), Thermic Effect of Food (TEF) and Activiigduced Energy Expenditure
(AEE). These factors constitute total daily energyemture (TDEE).BMR can be
described as the energy required to maintain and preserve the integrity of vital
functions, whereby metabolic rate is generally measured immediately upon waking after
~8 h of sleep following a 12 h fast (Westerterp, 2007). RMResses the same
components as BMR albeit under less restricted conditions, allowing measurements in

more practically applied settings, although findings can be slightly elevated beyond
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BMR values (Westerterp, 2007). TEfan be defined as the increase inergy
expenditure above basal fasting levels after food ingestion (Hills et al.,. ZAHRB)is
related to the stimulation of energgquiring processes during the ppsandial period,
including the intestinal absorption of nutrients, the initial steph&f metabolism and

the storage of the absorbed but not immediately oxidised nutrients (Westerterp, 2007).
The energy cost of TEF usually reaches its maximum within 1 h following a meal,
howeverlarge variability exists between individuals (Hills et aD14).It is commonly
accepted that when a subject is in energy balance, TEF equates tofttd&b energy
expenditure (Westerterp, 2007). However, this dependenton the macronutrient
composition of the subjecfmeals. Theoretically, based on the amioof ATP required

for the initial steps of metabolism and storage, carbohydrate, protein and fat, are
estimated to be -20%, 20-30% and 13% of total energy expenditureespectively
(Westerterp, 2007)AEE is the most variable component of energy exparali
depending upon a number of factors such as the training status of the participant and the
method of data collection. The following sabapter will critically examine both
subjective and objective methods of quantifying physical activity to provide a

subsequent estimation of energy expenditure.

It is important to outline the distinction between energy expenditure and physical
activity as often these terms are diggconsistentlywithin the field of nutrition Whilst
understandinghe energy cost ophysical activity is important touantify both the
amount and intensitgf movement patterns within training sessiamsl matckplay, an
appreciation okenergy expenditurencompassingraining as well agieneral living and
daily taskswould provide grear insightin to habitual daily demand@ills et al.,

2014).The ability to accuratelgstimateree-living energy expenditure in youth athletes
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will enable coaches andamtitioners to monitor the energy cost of trainingilst also
allowing more indivilualised nutritional recommendations to be developed to fuel such

training and competition demanutsaddition tohabitual daily tasks

Developing objective and valid methodsestimatingenergy expenditure, is important

to accurately qudily the energ demands of youth athlete@inslie, Reilly &
Westerterp2003). The chosen metid needs to consider botfV KH DSSOLFDWLRQ
ZRUOGYT HQYLURQPHQWYV DQG WK H(Dadd,2QF)wDilEt 5B VW R
taking in to account the burderlaped on participants, impacting osulsequent
compliance (LivingstoneRrentice, Coward, Strain, Black, Davies, StewartKbtina,

& Whitehead,1992). Traditionally, the most accurate rasure of estimatingnergy
expenditurevasdirect calorimetry Dauncey andames, 1979 The technique involves
measuring total heat loss from the body by placing the participant in a thermally
isolated chambemvhilst accurately and precisely measuring the tisaipated from the
participant(Jequier 1985). The technique isbed on the assumption that heat produced

by the body during periods of both rest and physical activity are proportional to energy
expended (Ainslie, et al., 2003)lthough considered an accurate measure of energy
expenditure, direct calorimetry is limdein terms of practical application when
guantification of energy expenditure is warranted in-fréag populations (Ainslie, et

al., 2003) However, here are a range of alternative methatigch offer more practical
solutions to measuring frdiing energy expenditure, wbh will be discussed within

the followingsectiors of the review.
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2.2.1.1Subjective measures of energy expenditure

Subjective measures are indirect approaches to estimate physical actentyegftiring

an element of selfepat from the participant (Ridgers &airclough, 2011)Selfreport
measurement toslwere traditionally the most widely used approach to estimate
physical activity in frediving environments $allis & Saelens, 2000). However
fundamentally, all subjective @asures of physical activity have the potential for
reporting bias (Hills et al., 2014xamples of subjective measures of physical activity
include selreported activity diaries, researcher observation, physical activity

guestionnaires and retrospectinterviews (Hills et al., 2014).

Whilst there are a range of subjective measurement tools availadsértmtephysical
activity, this provides difficulties when comparison of results across studies is necessary
(Hills et al., 2014). Studies investigay physical activity in youth populations are
criticised for developing additional subjective measurement approaches rather than
systematically exploring standardised principlBallis & Saelens, 200ap gain greater
insight into energy cost of exercidévidence of valid methods are lacking due to the
quality of the seHreport tool and the criterion measure to compare. Studies of youth
populations seldom report attempts to validate-isgibrt and also lack the abilityo

measureheintensity of phystal activity Sallis & Saelens, 2000).

The incorporation of objective measures in research designs are warranted to remove
the potential bias evident in self or proxy reports of physical activity, especially in youth
populations (Reilly, 2008). Studiesve highlighted evidence of ovegported physical
activity levels in youth (Reilly, 2006) suggesting biases should be expected when

implementing subjective methods. Furthermore, the obstacle efepelfting bias is
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also prevalent in observational stugli@iming to quantify physical activity and
subsequent energy expenditure (Reilly, 20@8)eview of subjetive methods designed

to estimatephysical activity reported that sekport techniques are not accurate, in
particular when information is requirexh type, duration, frequency and intengity
physical activity (Sallis &aelens, 2000). Moreover, conclusions recommend objective
measures to provide a more accurate quantification of physical actbélis( &

Saelens, 2000)

2.2.1.20bjective measures ofenergy expenditure

Objective methods of estimatingnergy expenditure have been developed and
implemented witn research designs investigatiyguth populationsContrary to direct
calorimetry, indirect calorimetry assesses the amount of heat producetebipody
indirectly. Indirect calorimetry is based on the premise that by measuring oxygen
consumption during spedpecific tasks then the energy cost of such exercise can be
determined.Indirect cdorimetry can be conducted usirmgchamber, hood, mask or
mouthpiece (Manore and Thompson, 2000), with subsequent energy expenditure
derived using methods such as the VWegjuation(Weir, 1949).It is acknowledged that

the accuracy of indirect calorimetry has been established in youth populdfioas,
Vohra Jmenez, Puyau, & But{el995; TruethSchmitz, Butte, 1998) howeverdue to

the restricting methodology, this process is limited when assessment divifrge
energy expenditure is required (Dodd, 200Hereforethe lack of ecological validity
evident within whole body indirect calorimetry may lack practical application to
guantify energy expentW XUH LQ \RXWa&ninD Véndihinveémd. XIfhough
developments have enabled indirect calorimetry to be used Hhvirgge environments

throughspecifically designedgortable equipment, these systems are often limiteebto 1
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hours of collection (Ainslie et al., 2003yurthermorethe financial cost restricts the
number of participants making investigation of teamsports difficult and time

consumingAinslie et al., 2003).

The development of heart rate receivers worn on the wrist and telemetry straps attached
to the chest offer a more practical approach to quantifying-liire energy
expenditure (Dodd, 2007)Utilising heart rate monitoringto estimate mergy
expenditure is based on the assumption of a linear relationship between heart rate and
oxygen consumption (Hills et al., 2014)his method has received criticisms the
relationship between heart rated oxygen consumption differs during upper kovder

body activities (Lj Deurenberg & Hautvas1,993), questioning its application to whole
body movements as seen in socdairthermore, despite the very close relationship
between heart rate and energy expenditure during exercise, this is notedpiicang
sedentary periods and lelevels of activity Ceesay,Prentice, Day, Murgatroyd,
Goldberg, Scott,& Spurr, 1989; Luke, Maki, Barkey, Cooper, & McGed997).
However, subsequent studies have demonstrated the ability of the FLEX heart rate
method © eradicate such issues by using individually predetermined heart rates to
differentiate between rest and exercise (Stubloghes, Johnstone, Whybrow, Horgan,
King, & Blundell, 2003). Despite the development of the FLEX heart rate technique,
issues are Bt prevalent. For exampleit is also accepted that heart rate may be
influenceald by a number of other variables such easotional state, the environment
(ambient temperature and humidity), hydration status, energy intake, and fatigue
(Keytel, Goedecke, Nakes, Hilloskorpi, Laukkanen, Van Der Merwe, & Lambert,
2005). A study by Livingstone et al. (1992) investigating energy expenditure in youth
populations reported a significant underestimation using heart rate congpare to

DLW. The percentage differemen energy expenditure was up to 14%. Livingstone et
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al., (1992) concluded that heart rate monitoring offers acceptable estimates of energy

expenditure at the group level, however the accuracy at the individual level is limited.

2.2.1.2.1 Doubly Labelled Water (DLW)

The DLW WHFKQLTXH LV ZLGHO\ DFFHSWH Br Dhagswratidonu J R O G
of energy expenditure within frdering environments (Dodd, 2007)Y.he techniquge

first reported by Schoeller and van Santen (1282) subsequently validated (Seher

and Hnilicka, 1996)is commonly used as the criterion measure to validagr etinergy
expenditure estimatiotools, due to the accura@nd precisiorof its methods (Hills et

al., 2014). The DLW method is nosinvasive, imposing minimal burden to eth
participant, quantifyingotal freeliving energy expenditure for periods ranging between
4-20 days (Ainslie et al.,, 2003Y.he technique is summarised by Hills et al. (2014)
stating that the participant will be required to consume an oral dose ofcmataming

a known amount of stable isotopes (hydrogen and oxygen). Daily urine samples are
collected during the stipulated period and analysed using isotope ratio mass
spectrometry. The stable isotopspecifically,deuterium H) and oxygerl8 (¥0) mix

with the normal hydrogen and oxygen in the body water. During energy expenditure
carbon dioxide (Cé) and water are produced and subsequently removed from the bodly.
Consequentlyas *¥0 is contained with both CQand water it is lost from the body

more @apidly thanH, which is only contained within water. The elimination of the
isotopes from the body is tracked and the difference between the elimination fes of
and!®0 is equivalent to the rate of GProduction, which can be converted in to energy

expenditure using indirect equations and calculations.
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The DLW technique has been used effectively within youth populations (Livingstone et
al., 1992) to quantify freéving energy expenditure, however the method is not without
limitations. Despite thecuracyand precision when calculating average daily energy
expenditureit fails to provide a breakdown of activity type, intensity or duratioring

the collection periogDelLany and Lovejoy, 1996). Informatipwhich wouldlikely be

of interest tosocer practitioners whoapply a periodised approach to training.
Furthermore, the analysis of the urine samples requires sophisticated and expensive
(lab-based) equipment, which needs trained technicians to conduct the process (Hills et
al., 2014) thusredudng it practical application. Nevertheless, the results obtained using
DLW provide the closest measurensavtailable forestimationof energy expenditure

in freeliving environments hencedemonstrating a valuable reference technique for
validating othermethods ofestimating energy expenditure (Ainslie et al., 2003).
However due to the restrictions outlined when using BR8N technique, practitioners

and fieldbased researchers are opting for J4eggensive andmore applicable

alternatives.

2.2.1.2.2 Accelerometry

Given that limitations exist within methods adstimating eneryy expenditure,
accelerometry has been idemd as a potential alternativa@rpiano, 2005;Troianq

Berrigan Dodd Masse Tilert, & McDowell, 2008; Trost 2001). Accelerometryis an

objective measure of frekving physical activity which can be translated into energy
expenditure via validated conversion equatiomsogt, Loprinzi, Moore & Pfeiffer,

2011). Accelerometers providactivity counts based domoth the rate and displacement
oftKkH ERG\TV FHQWUH RI PDVV GXULQJ PRYHPHQW ZKL

energy expenditure to provide biologicakaming (Freedson, Pober, & Jarzf05).

41



Accelerometry utilisesaelerationdefined as the rate of change of velocity over Jime
to enablethe frequency, volme and intensity of movement be quantified (Hills, et
al., 2014). Thusllowing greater insight in to the energy cost of training and match

play, an advantage tbat of DLW.

Accelerometryis acknowledged as the mogbbpular method of physical aatity
quantification within frediving environments (CainSallis, Conway, Van Dyck &
Calhoon,2013; Rowlands, 2007A range of accelerometer brands are availatde
example ActiGraph™, RT3™ and Actial™, possessing the abilitgto measure
acceleration in one (uniaxial), two (biaxial) or three (triaxialthogonal planes
(vertical, medielateral and anterposterior) (Rowlands, 2007However,ActiGraphis

most commonly used, in particular with research involving youth popokatjérost,
Mclver & Pate,2005) Comparison studies of available devices support the greater
accuracy of the ActiGraph models, specifically at the moderate to vigorous intensity
level of physcal activity (Romanzini,Petroski, Ohara, Dourado, & Reiche?014).
ActiGraph uses a piezoelectric acceleration sensor to féred convert the signals
produced from the sensor in samplaslected at a preset frequency in hertz. The
samples aresummed over a usepecified time sampling interval, calleah epoch

(Kim, Beets & Welk,2012)

Youth activity is often defined as spontaneous, intermittent and of high intensity
(Bailey, Olson, Pepper, Porszagxarstow& Cooper, 1995), with mean bouts of high
intensity activity lasting approximately-2 s (Baquet,Stratbn, Van Praagh&
Berthoin 2007), albeit usually more prevalent in younger children. Nevertheless, the

increased ability to capture such movements with short&b (4) epochs, may provide
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important insights for energy cost of activity in youth populatitwsgan et al., 2016).
Using accelerometers restricted to longer epoch rates may potentially dilute the intensity
of accelerations, subsequently identifying inaccurate intensity of movements during
training and matciplay. Santod.ozano, SantinMedeiros, @rdon, Torred uque,
Bailon, Bergmeir, Ruiz, Luciaand Garatachea2013) highlighted that movement
measured using triaxial accelerometry is more sensitive in youth than found in adult
counterparts, suggesting epoch length deemed appropriate for adultprochgce
erroneous results when assessing physical activity intensity in youth. Edwardson and
Gorely (2010)nvestigate the effect of different epoch lengths (5, 15, 30, and 60 s) on
derived levels of physical activity igouth. A total of234 adolescentaged 12-16 y

wore a triaxialaccelerometer for €onsecutive daysA significant main epoch effect

was seen for time spentwgorous physical activity, light physical activignd rest4ll

p < 0.05). However, theBlandiAltman methodshowed that considable agreement

was observed betweesll epochs during moderategorous and moderate physical
activity, purporting that the bias watose to zero, and 95% limits of agreement were
small Edwardson and Gorely (2010) suggest epoch may be irrelevant iintergsted

in evaluating moderate or moderaigorous intensities of physical activity. However,

if investigating time spent in freleving physical activity,which is likelyintermittentin

nature, then a short epoch is recommended for youth populafibrss finding was
supported by Logan et al. (2016) investigating the effect of epoch lefigths15, 30,

and 60 s)on physical activity quantification in youth. Similarly, a triaxial GT3X+
accelerometer was worn for 8 consecutive days with a samgl@Somale and female
adolescents aged 412 \ /RJDQ HW DO UHSRUWHG D pC
attempting to quantify physical activity with increasing epoch length. Furthermore,

differences were evident in exercise intensities across all epochdeangtiontrast to
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Edwardson and Gorely (201G3uggesting caution must be applied if comparing data

obtained using differing epochs across all forms of physical activity intensities.

Activity counts converted from the acceleratiooger a given epoch, arecorded to
the internal memoryof accelerometer§Chen & Bassett,2005) ActiGraph have
developed a number of devices from the 7164 model in the early,:@B8zh was a
uniaxial accelerometer with limited storage capaditythe current model (GT3X+)
launched in 2010.The GT3X+ (ActiGrapf, LLC, Pensacola, Florida, USA)
accelerometer is triaxiahaving the ability to differentiateaccelerations for all three
orthogonalplanes as well as providing a composite measure (Rowlands, 2@0v)
advantage oveprevious modelslt is lightweight weighing only 19 g, with the
acceleration outpudligitised by a 1zbit analogto-digital converter at a user specific
rate of 30100 Hz.The GT3X+ has a greatstorage capacity256 mb)allowing the
epochor frequencyof sampling to be recorded at a rate of 1 s for significantly longer
periods of timecompared to previous mode{fsogan Duncan, Harris, Hinckson &
Schofield, 2016). Furthermore the GT3X+allows the retrospective setting of epoch
lengths, allowing the usegreater flexibility during the analysis stage, which is in
contrast to earlier models requiriaglefinitive seting of epoch lengths and selectioh
axis prior to data collection (Logan et al., 2018)chcharacteristicef the GT3X+are
ideal for usewithin freeliving studies whereby the collection of energy expenditure

over several days within fluctuating physical activity thresholds is warranted.

Due to the inevitable technological advancements, manufacturers are continually
improving acceleromey devices and designing new models. However, such practices

provide researchers with difficulties in comparing data sets from different versions used
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within studies.Differences such as memory size, battery life, sampling frequency,
epoch setting and nurab of axis they can measurmay contribute to the lack of
standardised practice during measurement of physical activitis (eli al., 2014).
Sasaki, John and Freeds{®011) conducted the first study to compare the activity
counts derived from separatetiGraph models (GT1M and GT3X). Pargants were
instructed to walk andun at varying speeds on a treadmill. Results indicate a strong
agreement, with no significant differences in activity counts obtained via the vertical
axis during all stipulated duity speeds. Although antefmosterior and vector
magnitudes (combination of both axis) produced sigaiftly higher activity counts (p

< 0.01)in the GT3X device, demonstrating greater sensitivgiskai et al. (2011)
suggestd comparison of data atteed from GT1M and GT3X should be avoided when
using more than the vertical axldowever,the study design utilised adult participants
and conducted physical activity a labbased setting, providinignited information for

comparison of devices in frédeing youth populations.

Robusto and Trost (2012) conducted a studpyestigate the agreement between three
generations of Actigraph accelerometers (GT1M, GT3X and GT3Xhg stdy
requiredyouth participants (mean age 14:23.0 y),to conduct a rage of activities,
albeit within a lab-based designinterestingly, the results demonstrated sintyar
between allaccelerometrydevices. Intraclass correlation coefficients for total vertical
axis counts, total vector magnitude counts and resulting tipeatsin moderate
vigorous physical activity were 0.99, 0.98daf.99 respectively (Robusto &rost
(2012). This finding suggest that researchers can use different generations of
ActiGraph models interchangeably within research designs using youth popsilati

Whilst no study has assessed the reliability oftiost recenGT3X+ modelin habitual
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freelliving studies using youtlpopulations, investigations haween conducted with
adult counterparts. Jarrett, Fitzgerald and Rou{@015) investigated the iei-
instrument reliabity of the GT3X+ for 24 hours, witparticipantsvearing two devices
(one on each hip}Findings demonstrate high intieistrument reliability (& < 5%) for
sedentary, moderate amgoderatevigorous intensity outputs. Howevea critcism of
the GT3X+ is thawvigorous (CV= 12%) and very vigorousQV = 18% had reduced
reliability. Jarret et al. (2015acknowledges this issue, suggestirgdiability may
decrease at intensities beyond moderate levels of physical actiotyever it is
important to note that it is common practice withrtelerometryiterature to combine
moderate and vigorous activity to form a MVPA classification of physical activity
(Reilly et al., 2008). Furthermore, when intestrument reliability was investigateat
the MVPA level, the GT3X+ was deeméal exhibit strong reliabilitfCV = 2.85, ICC

= 0.99; Jarret et al., 201%lthough this information is useful as a guide, it is important

to acknowledge that this was not conducted with youth participants.

Whilst activity counts generated by accelerometers have been highlighted as a reliable,
objective masure of physical activity (Jatt et al. 2015; Robusto and Trost, 2012), the
interpretation of such raw data accelerations in to the classification of exinessity

and subsequent energy expenditgreot standardised (Logan et al., 20X&)nsidering
accelerometry is a measure of physical activity, conversion equations are required to
provide an interpretation with regards to energy expenditurstudy by Trost et al.
(2011) evaluated the accuracy of five sets afependently developed conversion
equations which have previously been published for youth populations (Evenson,
Cattellier, Gill, Ondrak & McMurray, 2008; Freedson et al., 2005; Mattockstyl.ea

Ness, Deere, Saunders, Tilling, Kirkby, Blair & Riddoch, 2007; Puyau, Adolph, Vohra,
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& Butte, 2002; Treuth, Schmitz, Catellier, McMurray, Muray, Almeida, Going,
Norman, & Pate, 2004). The study compared the five cut point equations (derived from
triaxial accelerometry) against indirect calorimetry, which was used as the criterion
reference to measure energy expenditure during 12 standardised activities. The 209
youth participants completed 12 tasks, designed to elicit responses equivalent to all
intensty thresholds.The results indicated that conversion equatiadentified by
Evenson et al. (2008) and Freedson et al. (2005) exhibited significantly better agreement
with indirect calorimetry across all exercise intensities when compared to Mattocks et
al. (2007) Puyau et al. (2002) and Treuth et al. (2084psequentlyFreedson et al.
(2005) conversion equation has been selected as the default setting on ActiLife software
for all ActiGraph accelerometers when covering raw accelerations to biological
meanings of energy expenditure. Additionally, Sartazano et al. (2013), conducted a
similar study to Trost et al. (2011), investigating the validity of the GT3X+ when using
Freedson (2005) conversion equation to provide a measure of energy expenditure.
Enegy expenditure derived from the GT3X+ was compared to indirect calorimetry
during varying speeds utilising youth populations (14.7 = 1.1 y). No significant
difference was observed between the two methods, however a quantification of absolute
agreement idgtified a minor undereporting bias 0f0.05 kcal-min* (SantosLozano et

al., 2013). Despite this nesignificant bias, th&sT3X+ accelerometer, using Freedson
(2005) conversionequation to estimate energy expenditure, wesepted as a valid

alternativeto indirect calorimetry.

7KHUH KDYH EHHQSR WLDPVH RUHITFWWG WR GLITHUHQWLD
light, moderate, moderatggorous, and vigorous physical activitiyresholds (Trost et

al., 2011). hefact that there ara selection 6 cut-pointsto choosefrom may introduce
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a degree of bias (Kim et al., 2012) when interpreting the intensity of physical activity
performed.Such lack of standardised practice between research designs may limit the
ability to compare the results betwedndies. The method generally used to identify

cut points involves calibrating the energy expenditure of activities, derived from indirect
calorimetry, to the range of acceleration counts during the particular physical tasks
(Logan et al.,, 2016). Howevemwithin these independent studies there are no
standardised set of activities performed, or an agreed set of algorithms to identify cut
points from the acceleration counts when related to M@etabolic Equivalent of

Task) achievedduring the physical taskd.ogan et al., 2016)However Trost et al.

(2011) demonstrated thdEvenson et al. (2008) cut points provided acceptable
classification accuracy of all exercise intensities. Trost et al. (2011) therefore
recommend Evenson et al. (2008) cut po{®sderar\ $FWLYLW\ ” /ILIKW 3
$FWLYLW\ ! DQG ORGHUDWH 3K\VLFDO $FWLYL)
BK\VLFDO $FW la¥ theVmost accurate meastoeestimate time spent in all
intensitiesof physical activityin youth populations, thus @viding a more accurate

guantification of energy expenditure.

The activity countglerived from accelerometry provide MET values based on the cut
points appliedThe followingMET thresholdsare accepted as the most appropriate

use withn youth populéionsto describe the intensity of the activity: sedentary < 1.5
METSs; light 1.5 to < 4 METs; moderate 4 to <6 METS; vigorous > 6 METS (Trost et
al., 201). While in many research designs it may be relevant to refer to energy cost in
terms ofaccelerometrgeneratedMETs, when assessingnergy balance a conversion to
MJ would provide more direct comparisons to energy intake. For example, if

investigating time spent in intensity thresholds then accurate comparisons waade
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across groups or instrumentgthout converting MET scores tother measures of

energy expenditure. Howeveenergy balance studies require a figure comprising all
contributions tototal energy expenditure to understand whether the participant is
experiencing positive or negative enemggficit. Ridley, Ainsworth and Old$2008)

created a calculation to accommodate such requirem@amierting MET values ttotal

energy expenditurasing6 FKRILHOGTV DJH JHQGHU DQG PDVV VS

(Schofield, 1985) to estimate RNIR

Enagy Expenditure1J) = MET value x child RMR (M-kgt-min?) x kg body weight

x number of minutes activity performed

Resting Metabolic Rate (RMR) = 17.686 x kg body weight + 658.2

An important consideration is the relative placement of the accelerooretbe body.

It is recommended that the device is attached as cio$él® VLEO\ SRVVLEOH WEF
centre of mass (Trost et al., 200%)Jowever, consideration is warranted to both
participant burden and restriction during spgpécific movement pattes.
Accelerometers can be worn on multiple sipé the body, however primarily research

has focued on either the wrist or the waist, more specificaigsitioned above the
anterior spine of the iliac crest in line with the anterior axillary line otitbrminant hip

(Trost et al.,, 2005). A study by McMinmcharya, Rowe, Gray and Allan (2013)
investigated the agreement between waist and wrist placed accelerometer energy
expenditure, using indirect calorimetry as the criterion measure. The GT3X+ was worn
simultaneouslyduring three treadmill walking armdinning intensities. Results indicated

an underestimation of energy expenditure when the accelerometer was worn on the
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wrist compared to the waist during moderate and high intensities. McMinn et al. (2013)
demonstrated the importance of accelerometer placement, suggestingneuiged
accelerations are not comparable with waistunted, and researchers shociohsider

placement on the waisthere feasible.

Accelerometry provides substantial improvements eovseltreport methodologies
(Dencker & Andersor2011; Trost 2001) and the combination of practical use with
high levels & accuracy and reliability (Jatt et al. 2015; Robusto and Trost, 2012),
provide an advantage ovetherobjective methods of engrgexpenditire estimation
Furthermore, the nemvasive, lightweight, small size and incredigapacity to record
multiple days/weeksAlinslie, et al. 200Bwithout requiring subjective information from
participants makes it an ide& choice when investigang energy expendituren free

living envirorments (Hills et al., 2014)Accelerometry has enabled greater accuracy
and precision of physical activity across a range of exercise intensities (Robusto and
Trost, 2012) in youth populationslowever,it is na without its limitations, like all
investigations, adaptation of habitual behaviour may be evident when participants know
their respective movements are being monitored. Howelier can be overcome by
selecting data collection periods long enotmbffset acute occurrences of this (Hills et

al., 2014).Moreover, thanconsistenuse of epochs, cut points and monitor placements
provide difficulties in comparison of findings across multigaidies to provide
guidelines and recommendations (Ainslie et 2003).Neverthelesswhen considering

the limitations to all forms of fieldased assessment of energy expenditure,
accelerometryoffers the most practical solution, whilst exhibiting highels of

accuracy and reliability (Robusto and Trost, 2012).sTlaccelerometry ithe preferred
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method in the literaturd quantify energy expenditure in fréeing, youth populations

(Ainslie et al., 2003Hills et al., 2014; Logan et al., 2016; Rowlands, 2007

2.2.2Assessment of ergy intake

Accurately undestanding theenergy cost of training and matphay, provides
information to establisimutritional requirements foyouth soccer player® determine
optimal energy intake. Optimising dietary intakeémportant to aid both acugghysical

and technicaperformance improvementdveyer et al., 2007Mielgo-Ayuso, Maroto-
Sanchez, Luzard8ocorro, Palacios, Palacios @ihtuiiano & Gonzaletross,2015),

as well adong-term health benefits (Bass l&ge, 2006). However, to be ableassess

if optimal recommendeons are being metboth accurate and reliabfieeasurement of
energy intake is essentialrafditional methods of assessing \eintake have been
questioned,dr example, whilst diet recalls provide a quantitative assessment of energy
intake, recollectio periods are usually limitedLi/ingstone, Robson & Wallace, 2004
Furthermore, foodrequency questionnaires and diet history methods may offer greater
insight into habitual energy intake but have been criticised for their seasonality and lack
of detailfor individual quantification of energy intakeiyingstone, Robson & Wallace,
2009). Thus, food diaries have been identified as a more accurate method of nutritional
assessment, involving the weighing or estimated quantification of food arkditenms

(Ashley and Bovee, 2003

Research designs utilising sedfported methods of energy intake assesgnn youth
populationshave primarilyfocused onchildren Bandini, Cyr,Must, & Dietz, 1997,
ChampagneDelLany, Harsha& Bray, 1996; ChampagneBaker, Delany, Harsha&

Bray, 1998 Livingstone et al., 1992), female adolesce@andini, Schoeller, Cyr &
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Dietz 1990; Bandini, Must, Cyr, Anderson, Spadano, & Digt2003; Bratteby,
Sandhagen, Fan, Enghardt, & Samuelsb898; Livingstone et al., 1992Perks
Roemmich SandowPajewski,Clark, Thomas& Weltman2000) ad obese adolescents
(Bandini et al., 1990; SingiMartin, Hickey, TeegardenCampbell,& Craig 2009).
Limited data exists for the quantification of energy intak&@ademy soccer playgr
with unigue nutritional requirementsonsideringthe associatetligh-intensity training
schedules.Studies which have assessedergy intake within normal weightnale
adolescent populations, albeibtnhighly trained, have utilised methods such as
edimated and wighed food diarieand diet historiegBandini et al., 1990Bandini, Vu,

Must, Cyr, Goldberg, & Dietz1999; Bratteby et al1998; Livingstone et al., 1992

The context ofesearch in youth populatiohgas focused on assessing energy intake in
laboraory-based environmentswith intake recorded by obserger(Bozinoviskj
Bellissimo, Thomas, Pencharz, Goode, & Anders&f99; TanofskyKraff, Haynos,
Kotler, Yanovski, & Yanovski2007). However,increased ecological validity within
researchdesigns is eeded to understand habitual energy infakepecific populations
Whilst studieshave attemptetb combat the lack of ecological validiby incorporating
more representative reavorld environments througfreeliving designs (Blundelde
Graff, Hulshd, Jebb, Livingstone & Lluch201Q Rumbold,St Clair Gibson, Allsop,
Stevenson, & DoddReynolds 2011b), this createsoncerns over control and accuracy,
with selfreported estimated awveighed food diaries and 24rkcall techniques most
widely used (Dod, 2007).Considering the aforementioned issues surrounding dietary
data collection, the following sections will review the accuracy and validity of self
reportedfood diaries and 24 hecall interviews for assessing frie@ng energy intake

in adolescenmales.
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2.2.2.1Self-reported, weighed food diaries

Weighed food diaries aran example of a quantitativerospective technique used to
andyse energy intake (Trabulsi &choeller, 2001)Participants are required to weigh
and record details of all foaahd beverages consumed over a designated period of time.
A 7-day collection period has been demonstrated as optimal (Beakiberg,Jebb,
Livingstone, Cole & Prentice 1991) to maintain participant motivation and
engagement, an issue particularly peminin youth populations (Livggstone and
Robson, 2000)Due to the ability tocapture quantitative information, weighed food
diaries havébeen used as the standard to which aodiietary intake methodologies have
been compare@Ashley & Bovee, 2003Black et al., 1991; Trabulsi and Schoeller,
200]7). However, it is important to acknowledge that food diaries may also be

susceptible to reporting bias (Livingstone et al., 2004).

Livingstone et al. (1992) conducted a study investigating the validity of emneaige
measures using a frdéiging 7-day weighed food diary against total energy expenditure
measured by thBLW techniqueThe use of DLW to validate energy intake methods is
based on the assumption that participamésin a state of energy balaneéich can be
supported by the stability of body mass during the collection pefioerefore, if body

mass is unchanged and energy intake does not equal energy expenditure resulting from
DLW measures, then it is assumed that energy intake has beenrepaltd.
Livingstone et al. (1992) reported a significant difference between energy intake derived
from the weighed food diary and total energy expemditn both 15 and 18 y males (p

< 0.01). Serious undeeporting was identified in both 15 y (88.0 £ 9.7&6d 18 y

(68.0 + 30.7%) males, when expressed as a percentage of total energy expenditure
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(Livingstone et al., 1992)Comparable findings were also evidenta similar study
conducted byBratteby et al. (1998)Mean energy intakexpressed as a percerdagf

total energy expendite equated to 81.9 + 17.7%, adding to the evidence that weighed
food diaries underestimate fréeing habitual energy intake in male adolestse
(Bratteby et al.1998).Similarly, Bandini et al. (1990) conducted a study to stigate

the validity of selfreported energy intake within adolescéid.7 + 2.0)populations,

albeit utilising an estimated food diarn agreement witlprevious findingsan under
reporting bias was evident. Mean energy intakes 80.2 £ 22.6% (mean taenergy

intake 9.01 + 2.51 NJ; mean daily DEE 1153+ 251 MJ) of total energy expenditure
when adjustments were made for body mass composition (Bandini et al., 1990). These
findings were elgoed in a study by Ambler, Eliakin, Brasel, Lee, Burke andp&oo
(1998) also using estimated food diaries to assess energy intake in male adolescents
(age 1517 y). Results indicated total energy expamditwas significantly greater

0.05) than reported energy intake, with no subsequent change in body maserehe
highlighting an undereporting biasWhilst conclusions highlight concerns over using
estimated diaries to quantify habitual energy intake in adolescent populations (Ambler
et al. 1998; Bandini et al., 1990), similar bias are also evident usingheeeifood
diaries (Livingstone et al., 1992), thus despite methodological variation (estimated or
weighed food diary), underestimation ehergy intake is still apparent in male

adolescent participants.

Smithers Gregory Coward Wright, ElIsom and Wenlack (1998) found evidenceto
suggest the magnitude of undeporting may differ between age groups. Smithers et
al. (1998)investigated the feasibility of using a setported weighed food diary to

analyse energy intake for the National Diet and NutriGamvey in youth populations
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(4-18 y). Energy intake calculated from the food diaries was asseggminst DLW
Mean reported energy intake .48 MJ) and energy expenditure (18 MJ)
demonstrated a significant overall undeporting bias in males. Howavefurther
analysis revealed differences amongst age groups. Whilst th&4 1y males
significantly underestimated their energy intake (71 £ 24% of energy expenditure), 15
17 y males reported only a minor nsignificant undeireporting bias (97 £ 9% of
erergy expenditure;Smithers et al., 1998)Considering the majority ogtvidence
suggests arunderestimation of energy intake when using-sgtiorted weighed or
estimated food diaries, an undeporting bias of ~1-P7% is likely within male
adolescent popations Ambler et al. 1998; Bandini et al. 199Bratteby et al. 1998;
Livingstone et al. 1992 However, there is some evidence to suggest that the reporting
bias can be reduced to only 3%b(17 y; Smithers et al1998), albeit seldom within

adolescenpopulation.

2.2.2.224-hour recall

The 24 hrecall technique is a retrospective dietary recall method, relying on
SDUWLFLSDQWVY PHPRU\ WR HVWLPDWH SRUWLRQ VL
during the previous day (Asty & Bovee, 2003). The 24 trecall technique involves a

short interview conducted by a trained individual to ascertain information regarding all
energy intake consumph during the preceding 24 period. Information can be
gathered via two methods. A two pass methods reviews alyem@ake, then probes

for additional information such as brand names, cooking methods, condiments and
estimated portion sizes (Ashlé&y Bovee, 2003). The other option is the multiple pass

methods, which requires the chronological ordering of energy irdaksumption to
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identify gaps or missing information, in addition to items already obtain through the

same practice as the two passtihod (Rutishauser &lack, 2002).

Considering the issues highlighted regarding prospective methods of dietary data
colledion, in terms of participant burden and subsequent compliance (Living&tone
Robson, 2000), the 24 recall technigue may offer a less burdensome alternative.
Advantages of this retrospective technique include convenience as it is less time
consuming, les intrusive and cheaper to administer than esgrospective methods
(Livingstone and Robson, 2000; MagosY&annakoulia, 2003). Due to the somewhat
simplistic administration of the 24 feither conducted via fage-face interviews or by
telephone), it carbe scheduled around training and competition schedules without
LOQWHUIHULQJ ZLWK SDUWLFLSDQWVY URXsnhaRddlid) QG KL
2003). However, a single 24récall has been demonstrated to bel@wpate for athletes
(Ballew & Killin gsworth, 2002), due to the periodised training schedules resulting in
the flux of load and frequency having a subsequent impact on energy requirements
(Black, 2001) However, when multiple recalls are not feasible then careful
consideration must be appliedhen selecting the most appropriate training or
competition day which best reflects typical load, thus providing the most useful
information (Benardot, 1996However, sant research has used 24ekall interviews

to investigate energy intake in adolescgqulations (Livingstone et al., 2004)
Furthermore, no studies exist whicatermine the validity of 24 hecall assessment of

energy itake using DLWas a quantifiable measure, within youth athletes.
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2.2.2.3Issues of energy intake measures in atscent populations

Accuracy of dietary assessment is of significant importance considering the evidence
that dietary habits formed in early life have a considerable impact ortdamghelth

status Buttriss, 1999 Power Heaney Kalkwarf, Pitken Repke Tsang & Schulkin,

1999. However, selreported energy intake methods are susceptible to reporting bias,
with limited studies acknowledging the magnitude and direction of such bias
(Livingstone et al., 2004). Extrapolation of data from energy assessmethibds
lacking appropriate validation should be limited and interpreted with caution. It is
therefore important to outline potential issues surrounding measurement of energy
intake which may subsequently impact on accuracy of adolescent dietary evaluation

(Livingstone et al., 2004).

Quantifying food portion size, with the exception of weighing food items, provides a
considerable unknown reporting error (Cypel et al., 1997). This potential errot is no
isolated to youth populationdndeed adults, despitpossessing more sophisticated
nutritional knowledge, have demonstrated difficulties when attempting to visually
esimate portion size (Chamber&odwin & Vecchio, 2000). A lack of accurate
guantification may undermine energy intake findings, questioningpgpted
conclusions and assessment of energy balance. Whesifis training to develop
portion size estimation has been shown to improve accuracy in aduwlisgdtone et

al., 2004),limited studies exispiloting this training in youth populations.h@&refore,
methods such as tewated food diaries and 24 recall may be at risk of inaccurate
misrepresentation of food consumption in adolescesiisdy designs adopting such
approaches mayequire extensive pilot testing to quantify reporting error tpusid

energy intake values accordingly, with the aim of enhance the accuracy of findings.
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A major concern regarding retrospective dietary assessment methods is the reliance on
memory recall, compounded by evidence of recall error unsurprisingly increasng

time, with up to 30% of memory relating to food consumption potentiadiyvathin 24

h (Fries Green & Bowen1995). Whilst good memory is undoubtedly a key component

in dietary recall, the role of the researcher when prompting for further informat
requires an understanding of the cognitive processes involved in recalling information
(Livingstone et al., 2004). It is acknowledged that food consumption is seldom stored
into long WHUP PHPRU\ LQVWHDG UHWULHYHG IURBR WKH
Livingstone et al. (2004) suggest the processes of dietary recall are comprised of
determining what information is being rezpted, searching and evaluatisgch
retrieved information, before deciding upon the appropriate response. Thus errors may
be pevalent during each of these stages potentially due to the cognitive ability of the
participant or the inability of the researcher to provide the appropriate questions to

facilitate the retrieval of the required information (Livingstone et al., 2004).

In agreement wit adult studies (Livingstone &lack, 2003), assessment of energy
intake in adolescent populations demonstrates a positive correlation between under
reporting and increased body fat (Bandini et al. 1990). However, this finding of
underestimtion of energy intake is also prevalent in normalght adolscents
(Bratteby et al., 1998Livingstone et al. 1992 Therefore, undereporting may be
associated with aspects independent of body compositiorthe case of athletic
populations undereporting has been attributed to factors such as the alteration of
habitual intake during the period of dietary assessment; false reporting of food which

may be perceived as more desirable and erroneous quantification or description of items
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(Magkos & Yannakaulia, 2003). Misrepresentation of energy intake may lead to
tenuous theories; for example, reports suggested such low unexpected energy intake
values identified in athletes may be explained thramgiabolic efficiency (Manore &
Thompsm, 200Q. Whilst it is possible that athletes may increase energy efficiency,
subsequently impacting oanergy requirements (Manore &hompson, 2000), the
contribution to the large imbalance between intake and expenditure would likely be
smdl and insignificant (Magkos &Yannakoulia, 2003).Considering the contrasting
evidence to demonstrate that undgporting is not simply correlated with body
composition, and limited explanations to fully understand the reasons adolescents are
misreporting energy intake, providelirther suggestion thatwithout sufficient
validation extrapolatingdietary intakedatafrom current methogl may produce limited

accuracy and misleading conclusions.

Underreporting is evident in adolescents (Ambler et al. 1998; Bandini et al.; 1990
Bratteby etal. 1998;Livingstone et al. 1992 with magnitudes of reporting bias having
been determined. However, it is also omantto consider whether underestimation of
energy intake is intentional or unintentiondlack of participant motivation and
perceptionof burden (Livingstone et al. 1992) have been associated with poor accuracy
of dietary intake methods of assessment. Furthermore, prospective techniques of dietary
assessment may lead to a conscious reduction in habitual energy intake due to burden of
weighing food items, restihg in undereating (Magkos & Yannakoulia, 2003).
Participants may also use the additional scrutiny over energy intake to change eating
habits to healthier food alternatives or start dieting over the period of assessnoent (Pr
Paul Cole & Wadsworth]1997). Therefore, omission of items perceived as unhealthy

may be intentional. Schoeller (1990) suggested that athletes may be somewhat in denial
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regarding quantity of energy intake required to fuel training and competition demands
and subsequently report wa@s consistent with their neathletic peers. In order to
achieve such high energy intake requirements, athletes have been found to adopt
frequentsnacking strategies (Hawley &urke, 1997), with up to nine occasions of
shacking repded wihin a single day (Jensgfaltas & Whittam, 1992). Therefore, the

eating pattern of adolescent athletes may be more complex due to increased frequency
of recording, which can subsequently effect compliance levels (Livingstone and
Robson, 2000) asell as increase the difficulty of remembering large amounts of food
items during retrospective recallBhis complexity coupled with the additional burden

of having to weigh and record each item may suggest alternative methods are required

to offer addition prompts to reduce the potential of missing items of energy intake.

The development of validation techniques to quantify the reporting bias associated with
dietary assessment, although important, provides limited information on which nutrients
are underor oveFUHSRUWHG J/LYLQJVWRQH DQG %ODFN
intake bias is predominantly selective when reporting macro and micronutrients,
particular foods or meal patterns. drigstingly, a study by Kersting, Sichéteéllert,

Alexy, Manz andSchoch(1998) assessing energy intake in adolescents, identified that
participants who undeeported tended to omit snacks and stagmed food items when
compared to their counterparts deemed to have accurate food records. While limited
data exists prading insights into both the nature and subsequent implications of
misreporting in adolescent populations, dietary data should be interpreted with caution
until the magnitude and nature of misreporting is clearly identified (Livingstone et al.,

2004).
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2.2.2.4Combined methods ofenegy intake assessment

Considering the evidence of uneeporting in both prospective (Ambler et al. 1998;
Bandini et al. 1990Bratteby et al. 1998; Livingstone et al. 19%hd retrospective
(JohnsonDriscoll & Goran,1996 Lindquist, Cummings & Goran, 2000Montgomery
Reilly, Jackson, Kelly, Slater, Paton, & Gra2005; Reilly Montgomery, Jackson,
MacRitchie, & Armstrong2001]) dietary data collection methods, it has been suggested
that incorporating a combined approachlisitig both seHlreported weigheé food
diaries and 24 hecall interviews can increase the accuracy of energy intake in youth
populations (Rumbold et al., 20d;1Livingstone & Robson, 2000). The combined
approach may help eradicate issues associated weititeported energy intake by
obtaining details relating to quantity of intake from the fdaties while using the 24 h
recall interview to identify any missing items which may contribute to the under

reporting bias (Livingstone &obson, 2000).

Rumbot et al.(2011a) investigated the accuracy of this combined method by exploring
the agreement between researableserved andelf-reportedenergy intake in female
adolescent netballed4 46 y). Following training and instruction on completion of
both mehods of dietary assessment, participants were required to rattoedergy
intake for a 24 tperiod (12 hours in a lab and 12 hours at home). Although this was
within a laboratory setting, a range of food and drink items weaele availablead
libitum to represent realvorld conditions, furthermorgems were based on previdys
determined habitual food intake, increasing the ecological validity of the design. In
addition to the selfepored weighed food diary, a 24 tecall was conducted the
following morning to supplement the dietary analy$®esults indicated a slight Isia

towards overreporting of 0.46 M-day® (~4%). These findings are in contrast to
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previous published data of significant undeporting in adolescent populations
(Ambler et al. 1998Bandini et al. 1990Bratteby et al. 1998; Livingstone et al. 1992
Rumbold et al. (2014) concluded that on a group levéd to 0.92 MJ-day') the

combined dietary data collection method is an effectigproach to quantify energy

intake in adolescerfiemale netballers.

Combining dietary intake assessment methods may present an opportunity to collect
more accurate information on habitual energy intake in adolescents. Vhilsibn is
required whenrextrapolating to other population groups, such ahlistrained, male
counterparts, evidence of reducing the extent of misreporting in adolescent athletic

groups is an important development@search (Rumbold et al. 2G31

2.3 Dietary habits of Academysoccer players

The majority of research into sasespecific nutrition has mainly been explored in adult
professional so@r (Caldarone et al., 1990; Maughan, 1997; Reilly, 2994
Investigations in to dietary practickavereported energy consumption range$.@fl-

16,51 MJ.day! and 8.51-16.21 MJ-day! respectivelyfor two professional tofevel
clubs(Maughan, 1997). In additiptMaughan (1997) found that carbohydrate, protein
and fat contribution to total energy intake was 51.4%, 15.9% and 31.5% respectively in
team A and 48.4%, 14.3% and 35% respetyiin team B A separate study examining
nutritional intake of adult professional soccer players also presented similar findings;
mean daily energy intake of 189 MJ for an international player (Reilly, 1994).
Furthermore, Caldarone et al. (1990) fowmilar results repaing findings 0f12.83 +

2.38 MJ-day! in top level adult Italian soccer players. It would however, be misleading

to extrapolate Hese findings to the dademysoccer player considering the distinct

62



differencesdentified from trainingand matckplay demandg¢Harley et al., 2010Goto

et al., 2015; Wrigley et al., 20)2 In the relatively limited amount of studies
investigating nutritional intake oAcademy soccer players, researchers have reported
equivocal findings(Boisseau et al.,, 22, Boisseau, Vermorel & Rance&007
Caccialanza et al., 2007; Iglesi@sitierrez et al., 2005; Leblanc et al., 208ughton

et al., 2016Rico-Sanz et al., 199&uiz et al., 2005Russell & Pennock, 2011The
contrasting findings could be explainedied to the incorporation of inconsistent
methodologies, making it difficult to compare results diredtigwever, he findings of

the current dietary habits identifiedithin Academy soccer populations willbe
discussed withregards to eneyg balance, dietcomposition and energgeficit

implications.

2.3.1 Energy balance

Rico-Sanz et al. (1998) conducted one of the first studies to assess the dietargfintake
Academysoccer players.|®yers = 8, 17 = 2 y) completed selfreported (estimated)
food diary over a 12day period, which was compared total energy expenditure
(conversion equations based on information derived Belfreportedactivity records.
Players were foundo be in a slight positive energy balangeean energy intake =
16.54 £ 448 MJ v energy expenditure = 184 £ 239 MJ), as recommended during
adolescencegMeyer et al. 2007;Malina et al. 200 Although without a daily
breakdown documentingtype of trainingor matchday, analysis of fluctuatios in
enegy balance cannot be determinddring a typical training weekSubsequely,
similar studies byBoisseau et al. (2002and IglesiasGutierrez et al. (2005)
demonstrateddomparablefindings in Academy playerdNo significant difference was

identified in energy intak€.82+ 0.88MJ) when compared to energy expenditure 19
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+ 0.3 MJ) (Boisseau et al., 20023lthough resuftindicateda positive energy balance,
supporting previous findings in a similar population (R&anz et al., 1998).
Additionally, IglesiasGutierrez et al. (2005) pportedthe notion of positive energy
balance,demonstratinga mean daily energy intake of B MJ in comparison to
expenditurevalues of 1249 MJ. However, matchday intake and expenditure was
excluded, which may have affected the mean values repéiteithermore, subjective
reports of energy expenditure were used to identify energy balance, questioning the

accuracy of these findings.

In contrast Leblanc et al. (2002) highlighted significant negative energy balange
elite-level French soccer playe(s = 180; agel3-16 y). The UL4, U15 andU16 age
groups repded daily intake ranges of@ + 1.91 to 1093+ 1.38MJ, 1154 + 2.42to

14.22 + 3.48 MJ and 1013 = 154 to 1269 + 163 MJ respectively. Whilst energy
expenditure measuremsnivere not colleted, Leblanc et al. (2002) suggasbthat
players were in a significant negative energy balance when comparing intake to
recommended dietary allowees for boys aged 1® y (1599-21.71 MJ&?; Hickson
Duke, Risser, Johnson, Palmer, & Stocktb®87). These findings of negative energy
balance are cordasting to RiceSanz et al. (1998 purporting lower energy intake
amounts, albeit assessing different age rartdesiever, due to the requiments of the
national training centre all players were weekly boardetsblanc et al. (2002) study,
resulting in all meals being supplied, with only weekend energy intake, whilst at home,
enablingad libitum consumption, thus questioning the ecologieaidity of the free

living design.In contrast to Leblanc et al. (2002), Ruiz et al. (2005) foumdignificant
differences between absolute energy intakes acrosssdhee three age groups.

However, Ruiz et al. (2005)did supportthe notion of significah negativeenergy
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balance with mean energy intake for thelds, U15s andUl6s were 1417 + 129
MJ-day?'; 1431 +0.76 MJ-day?; 1456 + 0.93 MJ-day’ respectively albeit no direct
measure of energy expenditure was conduckattitionally, without a measre of
maturation status conducted, a discussion regarding optimal diet for stage of

development and differentiated dietary practices between such players is not possible.

Caccialanza et al. (200Was one of the first studies to recognise the issue @érin
reporting bias associated with energy intake assessment in soctkrpopulations.

The aim of the study was twofold, firsttp assess the dietary practicesAdfademy
soccer players and secondly to quantify the degree of waderting associatedith

the energy intake technique. Playé@m an Italian Serie A soccercAdemy (n= 75;

age 1517 y)were required to complete addy estimated food diary within a fréieing
environmenbon two separate occasions. Undeporting was assessed using itk of
reported estimated energy intake to estimated energy expenditure using the method
adoptedby Livingstoneet al.(1992. Estimatel mean daily energy intake waQ72 +

2.66 and 1105 = 257 MJ for the two data collection periods. Whilst mean energy
intake values appear lower than previously reportgtégiasGutierrez et al., 2005;
Rico-Sanz et al., 1998Ruiz et al.,, 200f this may be explained due to the under
reporting error identified. Mean daily energy intake was significantly lower than mean
estimated energy expenditure on botitasions (< 0.001).Mean bias was.33+ 3.07

and 356 = 294 MJ respectively.Findings reported by Caccialanza et al. (2007) may
guestion the validity of the previous studresults, whichadopted similar energytake
methods.However, the measurement of energy expenditure was estimated, without
using objective assessment tools, which may affect the level of -uepl@iting bias

identified.

65



Studies investigating dietary practicesAdfademysoccer players haverimarily been
conducted outside of the UK, which may provide limited insight into the habitual
energy intake routines of UK players considering the requirements of the EPPP.
However,Russell and Pennock (201dgsigned the first study texamine e dietay
regimes of UKbased A&ademy soccer players. Players (n = 10; 4§€l8 v)
maintained an stimated food diary over a-day period witin a freeliving
environment, with energy expenditure estimated for the same period agsimgrsion
equations. Man ddy energy intake was 185+ 0.69MJ in comparison to estimated
mean daily expenditure of 155 + 0.26 MJ. Thus players were reported to be in a
significant negative energlyalance(p < 0.001) Russell and Pennock concluded that
dietary practices are inagigate to sustain the demands of training anmdpetition, with

a mean dailyenergy deficitof 3.3 + 0.73 MJ reported However, energy expeliture
estimations were ndiased on direct, objectifeld-based methods and se#fportbias
associated with eneygntakewas also not considered. Similar investigations aiming to
quantify energy intake over a-day period inUK Academy soccer playershave
produced conflicting resultéNaughton et al.2016) Whilst no measure of energy
expenditure was incorporatdithiting the ability to accurately asss energy balance,
results identified mean daily energy intake value$.87 + 1.81, 8.07+ 1.33and 82
1.63 MJ for Ul3-14, U15/16 and U18 respectively. These findings demonstrated a
significantly lower intake tha identified in all previous studies assessing this
population (Caccialanza et al2007 IglesiasGutierrez et al., 2005; Leblanc et al.,
2002; RiceSanz et al., 1998Ruiz et al., 2005; Russell & Pennock, 2hliowever

again, selfreport bias wagot cansidered.
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Nutritional intake requires an individualised approach, considering a multitude of
factors to effectively augment performance. Although studies investigating energy
balance inAcademysoccer players have provided equivocal findings, the mgjaré

in agreement that dietary practices are inadequate to sustain the demandsgfaral
matchplay (Leblanc et al., 20Q2Ruiz et al., 2005Russell & Pennock, 20)1In an
attempt to quantify the energy deficit of UKcademysoccer players, Russednd
Pennock (2011) highliged a mean daily deficit of. 3+ 0.73MJ. It is accepted that
chronic periods of subptimal energy intake, coinciding with suskdrperiods of high
training volumes may impair growth and maturation, whilst also experieragnte
performance detriments (Meyer et al., 2007; Petrie et al., 2004; Thompson, 1998). Thus
identifying youth soccer populations as potentially at risk of siletiiments, which

have been outlined in detail in section 2.1.

Information is lacking inhe literature to determine where the greatest energy deficits
areoccurring throughout the week. Although studies outline meangg expenditure
valuesand daily deficits(Boisseau et al., 2002Zaccialanza et al., 2007glesias
Gutierrez et al., 2005; dblanc et al., 2002Naughton et al., 201&Rico-Sanz et al.,
1998 Ruiz et al.,, 2005Russell& Pennock, 201)] these studies do not provide a
breakdown of the difference betwegaining days.Furthermore, such methods used to
determine energy intake (@mated food diaries) have previously been questioned due
to the associated selkporting bias and lack of accuracy in youth populations
(Livingstone et al., 2000). Additionally, assumptions of energy balarexe ywade
without using objectivanethods of ssessing energy expenditure or in some cases no
measures of expenditureere providedConclusion of inadequate nutritional intake is

difficult to determine as studies fail to address the issue of upgerting bias,
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therefore lacking clarity on whethplayers are consuming insufficient energy intake or

if inaccurate accounts of dietary habits have been proviDeé. to the equivocal
findings resulting from inconsistent methodologies, clarity of information regarding
dietary practices in Acadenspcer dayers is limited. Accuratand objective measures

of energy balance is warranted to fully understand the energy cost of training and
matchplay to determine if dietary practises are sufficient to both optimise performance
but more importantly to offset dndetrimental effects ofhronic suboptimal energy

intake.

2.3.2 Diet composition

7KH FRPSRVLWLRQ RI D VRFFHU SOD\HU#&f®HrmarcelW LV
detrimentsand the causes of matoblated fatiguehave been partly attributed to the
depletion ofliver and muscle glycogen (Krustrup et al. 2Q0B)dulated by pre
exercise nutritinal status (Anderson et al. 2Q16kecommendations operiodised
nutritional intake maybe advised to account faraining intensity and volume
depending uporthe type of training day(Burke, 2010) However, despite training
fluctuations, diets high in carbohydrate enable an increased muscle glycogen
concentration, subsequently delaying the onset of fatiguesastéining performance

levels (Alghannam Jedrzejewski,Tweddle Gribble, Bilzon, Thompson,Tsintzas&

Betts 2016; Burke, Hawley, Wong& Jeukendrup2011)

The macronutrient breakdown of daily dietary practiceAaademysoccer fayers
demonstrate ranges @5-56% (carbohydate), 1418% (protein) and 23%% (fat)
(Boisseau et al., 2002; Caccialanza et al., 2007; Iglkxigierrez et al., 2005; Leblanc

et al., 2002; Naughton et al., 2016; Ri8anz et al., 1998; Ruiz et al., 2005; Russell &
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Pennock, 2011 Due to the lack of nutritional guidelines fBcademysocce players,
comparisons with adult populations provide the only insight in to the appropriateness of
such dietary practices, despite differences in energy needs. Howewdst w
contributions to energy intake values may seem similar to adult professimtair so
players;51%, 16% and 32 for carbohydrate, protein and fat respectively (Maughan,
1997), total energy intake is predominantigportedas suboptimal (Leblanc et al.,

2002 Ruiz et al., 2005; Russell & Pennock, 2pitiAcademysoccer populations.

Whilst traditionally, it was well accepted that a diet high in carbohydvate required

for all athletes, recent literature have criticised this approach (Desbrow, McCormack,
Burke, Cox, Fallon, Hislop, Logan, Marino, Sawyer, Shaw, Star, Vidgen & Lgverit
2014).Emerging studies suggeah individualised approach is warrantéased upon
consumption of carbohydrates in relation to training load, with guidelines accounting
for body mass (Burke et al., 2011).a recent position statement focusing on tiotri

for adolescent athletel,was suggested that limited evidence supports a differentiated
approachfrom adult counterparts (Desbrow et al., 2014). Whilst it was acknowledged
thatthere is evidence of chiddult physiological differences (Armstrongdawelsman,

2007; Baror, 2001; Unnithan and Easton, 1990dllectively, despite the impact of
maturation on energy metabolism, there is limited evidenckstmguishcarbohydrate
recommendations for adolescents (Desbrow et al., 20I4jerefore, adult
recommendd daily intakes of 610 g-kg? for athletes training -B h per day were
accepted as relevant for adolescents (Burke et al., 2011). However, acknowledgement of
adolescent differences in training load/volume, match duration, as well as participation
in multiple sports is warranted when devising guidelines (Desbrow et al., 20it#).

regards to soccer specific nutrition literatudestary carbohydrate guidance for adult
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professional soccer players is an evolving topic as debate exists regardoydirined
strategyBurke et al(2006)proposes ¥ g-kg!-day! for moderate training, increasing
to 740 gkgl-day* for intensive trainingAcademy soccer players in the UK seldom
achieve such recommendations, with studies highlighting 6.0 £ 1.2, U4&7and 3.2 £
1.3 g-kgt-day?! for U13-14, U15-16 andU18 respectively (Naughton et al., 2016).
Althoughit is also acknowledged that training withhacarbohydrate availability may
augment adaptive responses to exercise trainingdansen, Fischer, Plomgaad,
Anderson,Saltin & Pedersen2005 Yeo, Paton, Garnham, Burke, Care¥, Hawley,
2008, this has not been investigated specifically witArademysoccer populations.
Academysoccer playerbBave the complex task of ensuriegergyintake is sufficient to
not only optimise training and matghay performance but also maintain periods of
growth am maturation. Considering the low levels of carbohydrate intAkademy
soccer players are not meeting dddygets albeit specific taadult population as thus
far noavailable guielines exist for Academsoccer playerinvolved in high training

volumes.

Optimal protein intake provides essential amino acidpramote activation of the
protein synthesis pathway and provides substrate for lean tissue ac(etstrow, et

al., 2014). Additionally, adolescexttave increased protein needstpport growth and
development of lean body mass (Petrie et al., 206¢gstigations in to protein intake
of adolescent athletes have highlighted ranges of-+86.2)-kg-day® (Petrie et al.,
2004), which arealigned with adult counterpartsTherefore, it is unlikely that
adolescent athletegequire differentiated guidelines or protein supplementation to
elevate protein needs (Desbrow et al., 208)ecommendationf 1.2-1.7 g-kg*-day*

has been suggestddr adult soccer players depending draining goals (Tipton &
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Wolfe, 2004; Lemon, 1994 However, 0.8 g-kg'-day? reference values have been
suggested for adolescent males (Department of Health, 18B&, notconsidering the
training volumes associatewith demands placed upon theadlemy soccer player.
Findings of1.7 g-kg!-day* (Russell &Pennock, 2011) antl.6 g-kg*-day* (Nauchton
et al., 2016) demonstratecAdemy soccer players in the UK protein consuompit

within the recommended range to optimiseovery and development

Dietary fat consumptios predominantlybased upon facilitating carbohydrate intake,

as opposed ta largecontributionfor energy metabolism (Clark, 1994) considering the
highrintensity nature of soccer performandgmited evidence exists formalising fat
intake guidelines for adolescents, however, it is accepted that fat consumption should
not exceed 35% of total energy intake, with saturated fats contributing no more than
10% (Debrow et al., 2014)With regards to soccer specific intakeports of fat
consumption ranging betwee20%89% (Boisseau et al., 2002; Caccialanza et al.,
2007; IglesiasGutierrez et al., 2005; Leblanc et al., 2002; Naughton et al., 2016; Rico
Sanz et al.1998; Ruiz et al., 2005; Russell & Pennock, 20iggesintake isslightly

higher in relation to recommendationsf <30% (Clark, 199% albeit in adult
populations.However, onsidering thenegative energy balanegthin this population
(Leblanc et al.,2002 Ruiz et al., 2005;Russell & Pennock, 2011 as well as
recognisng recentesearch reporting utibdgion of fat as a fuel source to spatgcogen
depletion Hansen et al., 2005; Yeo et al., 2D08lbeit equivocal, a reduction in fat

intake may nobe advisable.

Thus far definitive information onhe nutritional requirements of Acadenspccer

players in the UK is lackon Investigations adopting accurated reliable methods of
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collecting both energy intake and energy expenditure is warrantelditess this gap in
the literature. Considering the demands of training and méghand the ability to
sustain adequate growth and maturation, further information is required to provide

guidance for this population.

2.4 Thesispurpose and ams

The purpos of this chapter was: (1) provide information i training and mateplay
demands bespoke to the UK Academy soccer player and identify the subsequent
development and performance related consequencesniesis the issues associated

with currentmeasures of energy balance with regards to assessing energy intake and
estimating energy expenditurand (3) identify current dietary habits of Academy
soccer players and highlight the inconsistencies of methodological approaches resulting
in a limited undestanding of dietry practicesand subsequenhformation onenergy
balancein this population Consequently, hte literature review has idéined the
following key areas forresearch: (1)address the issue of inaccurate methods of
assessing energy ake n freeliving environments, to identify if under or over
reporting is prevalent in Academy soccer players,ug& energy intake assessment
methods accounting for any biagp compare against objective measures of energy
expenditure tanvestigateenergybalance durin@ typical training week in Academy
soccer, and (3with suboptimal dietary practices expecteexamine strategies to
optimisethe energy intakef Academy soccer playeend determine if there are any

subsequengffects on soccespecific gerformance

Based onthis information, the series of studies in this thesis were designed to

specifically investigate the following:
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1)

2)

3)

Establishing the accuracy of the combimadthodof energy intake assessment,
specifically within Academy soccer playemould enableaccurateasseswent

of dietary practicesand subsequerjuantification of habitual energy intake.
Thereforethe aimof chapter 3vasto explore the agreement between researcher
observed energy intake and sedported energy intake in malece&demy soccer
players using a combined sedported, weighed food diary and 24 h recall

method.

Following the establishedaccuracy of the combined method of energy intake
assessment, investigations into habitual dietary pract€esScademy soccer
playes were conductedl'he ains of chapter foumere two fold. Firstly, the aim

was to assess energy balance in nmfsdademy soccer players over aday
period that included four training days, one match day and two rest days. In
addition, a secondary aim was to examine type of activity day
(heavy/moderate/light training, match, rest) separately to highlight any
fluctuation in energy balance throughout the wesk well as examining pre
match nutritional practiceg€nergy intake was assessed in relation toaive
measures of energy expenditure to distinguish whether or not current dietary

practices were adequate to meet the demands of training andptatch

The findings from chapter 4 identifiedib-optimal nutritional practicesesulting
in a mean dailyenergy deficit. Match days produced the greatest energy deficit
with prematch intake highlighted asparticular area of concern, theBategies

are warranted to increase energy intakéth the purpose of reducintghe
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identified energy deficit. Thereforéhe aim of chapter five was examine the
effects of a prescribed (recommendprematch meal composition versus
habitual prematch intakeon physiological responsesd soccer performance
measuresof Academy players during a 90 min soccer match sinouma
Furthermorea subaim of the chapter was to assess if players could tolerate the
increased pe-matchenergy intakeonsumption without experiencing abdominal

discomfort.
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Chapter 3: Agreement between two methods of dietary ata collection in male

Academysoccer payers

This wak has been published in a peeviewed journal:
Briggs, M. A., Cockburn, E., Rumbold,.lR. S., and Stevenson, E. (2015). Agreement
between two methods of dietary data collection in male adolescent achelahy

soccer plgers.Nutrients 7, 59485960.

Abstract

IntroductionPurpose:Collecting accurate and reliable nutritional data from adolescent
populations is challenging, with current methods providing significant enegerting.
Therefore, the aim of the study wasdetermine the accuracy of a combined dietary
data collection method (seléported weighed food diary, supplemented with &h24
recall) when compared to researcher observed energy intAkademysoccer players.
Methods: Twelve Academy @yers from an Eglish Football Premier éague club
participated in the study. Players attended a 12 h period in the laboratory (@8:00 h
20:00 h), during which food and drink items were available and were consatined
libitum. Food was also provided to consume at home letviz®:00 h and 08:00 h the
following morning under frediving conditions.To calculate the participant reported
energy intake, food and drink items were weighed and recorded in a food diary by each
participant, which was supplemented with information mes through a 24 recall
interview the following morning.
Results:Participants systematically undeaported energy intake in comparison to that
observed g < 0.01) but the magnitude of this bias was small and cons{steran bias

i Nraybd &, IRU ELDV i -dey®. For rdhBdrCerror, the

/2$ EHWZHHQ PHWKRGV UDQJHGMXEW zHHQWR WR
kcalday™). The standard error of the estimate was low, with a typical error between
measurements of 3.1%.
Conclusion:These data suggest that the combined dietary data collection method could
be used interchangeably with the observed food intake technique in the population
studied providing that appropriate adjustmantiade for the systeatic undereporting
common to such methods.
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3.1 Introduction

Collecting accurate and reliable nutritional data from adolésgapulations is
troublesome (Livingstone et al., 20049r example guantifying energy intake utilisg
selfreported estimaéd food diarieswithin an adolescent population presents
challenges, such as uneeporting and dack d detailed information (Hill &Davies,
2001) Although research has focused on quantifying the energy intake of children
(Bandini et al., 1997; Champag et al., 1996Champagne et al., 1998; Livingstone et
al., 1992) female adolescen{Bandini et al., 1990Bandini et al., 2003; Bratteby et al.,
1998; Livingstone et al., 199Perks et al., 200(and obese adolescegiidandini et al.,

199Q Singh et al 2009)populations, limited data exists for the quantification of energy
intake in highly ative male adolescent$or example Academy socceplayers are
training and competing up to 20 h per wéBkemier League, 2015)ith daily enegy
expenditure maging from~12.5 452 MJ-day"* (IglesiasGutierrez et al., 2005Russell

& Pennock, 2011)Traditional methods of assessing energy intake within normal
weight, male adolescent populations, albeit not highly trained, have included estimated
and weighed food records and diet histo(i@andini et al., 1990Bandini et al., 1999;
Bratteby et al.1998; Livingstone et al., 1992Studies have investigated the validation

of selfreported energy intake against doubly labelled water (DLW) measurements,
demonstrating an underestimation of rigyeintake and fluid consumption by 182v%
(Bandini et al., 1990; Bandini et al., 1999; Bratteby et al., 1998; Livingstone et al.,
1992. Underestimation of energy intake in comparison to total energy expenditure is
consistent within the literature, prowng detailed explanations for the reporting error
(Bandini et al., 1999; Bratteby et al., 1998; Livingstone et al., 1992; Bandini et al.,
1990) However, further research is required to quantify the actual reporting accuracy of

energy intake in Academy scer players which previous studies fail to address
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(Caccialanza et al., 200Bpisseau et al., 2002glesiasGutierrez et al., 2005; Leblanc

et al., 2002; Ricgsanz et al., 199&uiz et al., 2005; Russell & Pennock, 2p11

Contextualishg the environrant in which the participant is recording energy intake is
of equal importane. Previousresearchin adolescentpopulationshas focused on
assessing energy intake, albeit in laboratory conditions, with intake recorded by
observers(Bozinovski et al., 2009Moore, Dodd, Welsman & Armstrong 2004
TanofskyKraff et al., 2007) However, research representing +eakld environments

is imperative in understanding habitual energy int@kengstoneet al, 2004) Recent
studies have attempted to incorporate aemwepraentative realorld design (Rumbold

et al., 2014), acknowledging a compromise between the high internal validity of
laboratorybased studies, whilst attempting to provide ecological validity incorporated
through more frediving designs (Blundeét al., 2010)It is important when conducting
research with adolescent populations to accommodate a balance between high internal
and high ecological validity, to ensure findings che extrapolated accurately

(Rumbold St Clair Gibson, Stevenson, Kingensel &DoddReynolds2013)

It has been suggested that introducing a combined method of dietary data collection in
the form of seHreportedweighed food diaries and 2¥recall interviews can increase

the accuracy of selleported energy intake measments in adolescent and child
populations(Livingstone & Robson, 2000Rumbold etal.,, 2011 Rumboldet al.
(20119) investigated the accuracy of this combined method by exploring the agreement
between researcher observed and recorded energy intakelfargbsrted energy intake

in female adoleent netballers (146 y). Although this was within a laboratory setting,

a range of food and drink items were made availatlébitumto represent reakorld
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conditions, as items were based on previous-livéeg selfreported food diaries.
Results indicated a slight lsidowards overeporting of 0.46MJ-day'®. These findings

are in contrast to previous published data of significant wregerting in adolescent
populations (Bandini et al.,, 1990; Bandini et al., 1999; Bratteby et al., 1998;
Livingstone et al., 1992 Rumboldet al.(2011a) concluded hhat on agroup level (0.00

to 0.92 MJ-day'%), the combined dietary data collection method is an effective approach
to quantify energy intake in adolescent female netballers. However, caution is required
when extrapolating to other population groups, suchAeadeny soccer players,

considering the high volume and intensity of training schedules.

A relatively limited number of studies have focused on nutritional recommendations for
the male adolescent soccer play@accialanza et al., 2007; Boisseau et al., 2002;
IglesiasGutierrez et al., 2005; Leblanc et al., 2002; R&anz et al., 1998; Ruiz et al.,
2005; Russell & Pennock, 20LAs soccer is perceived to be one of thestrmpular
sports worldwide (Stolen et al., 200%his highlights the importance of proimg
researckinformed nutritional recommendations based on growth, health, maturation and
training statugMeyer et al., 2007; Petrie et al., 200Academysoccer players will
generally have higher intake requirements due to the greater energy exgefrditur
training and competition (Petrie et.,aR004). This highlights the importance of
accurately quantifying energy intake to ensure the energy expenditure demands of
training and competition are met. Accurate methods are required for botibdstd
researchers and highly trained practitioners to provide evideased interventions and
recommended nutritional practices. Therefore, the aim of the current atasglyo
explore the agreement between researcher observed energy intake apgoskdt

enegy intake in male adolescertcademy soccer players using a combined self
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repated, weighed food diary and 24 recall methodlt was hypothesised that the
combined method of dietary data collection would demonstrate good agreement with
researcher observenhethod, offering a more accurate alternative than previously

established fiekbased methods.
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3.2 Method

3.2.1Participants

Twelve males (age: 13.8 = 0.6 stature: 1.71 £ 0.04 nBM: 63.7 £ 5.0 kg; BM121.9

+ 1.9 kg-m?) were selected for the studgtatistical power was calculated using
commercially available software (GPower v3.1,Germany) and a sample size of twelve
was deemed sufficient for >90power to detect statistical differences in energy intake
measures between observed andeglbrted mthods. The matrity offset was 2.2 +

0.4 ybeyondPHYV indicaing that all of the playerbad reached their predict&HV
(positive maturity offset) and thus were of a similar maturatiotustéMirwald et al.,
2002) All players were actively training within a soccer Aademy, whichincluded
training at leasfour times per week in additiorota match dayTo determine if the
players were restrained or unrestrained eaters, the DutchingcaBehaviour
Questionnaire (Van StreirFrijters, Bergers, & Defaresl986) was administered
(Appendix A) All players were classified as unrestrained eaters, with the dietary
restraint score (2.3 + 0.3) falling into the average range for high school (Wales
Strein et al., 1986)The study was approved by the Faculty efth and Life Sciences
Research Ethics Conittee at Northurbria University. hformation was provided prior

to gaining witten informed consenfrom the playersand their parents or guardians

before commencing data collecti(geeAppendixB for example ofthics documenjs

3.2.2Protocol
Prior to the study, aeries of workshop wemnducte, during which the playensere
provided with a detailed explanation and demonstration of the food weighing and

recording process. The wshop provided the playergith the opportunity to picice
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this techniqgue and the 2K recall interview in the presence of a researcher, as

recommended by Livingstone et €1992)

Diet was assessed for each plageer 24 h (12 h spent in the nutrition Laboratory at
NorthumbriaUniversity, 08:00 h20:00 h, followed by 12 h spent at home between
20:00 h and 08:00 h the following mornind)uring the time spenin the nutrition
Laboratory, playersvere occupied with a range of inactive tasks such ading and
homework. Playersvere provided with breakfast, lunch and dinner, as well as snacks
ad libitumduring the dayTo replicate a realorld environment, food and drink items
provided were based on a previously administéoed preference questionnaivehich

was administered rpr to the study. This questionnaire was based on dietary
information derived from selfeported, weighed food diaries and-2dur recH
interviews This ensured that all food and drink items provided were palatable and
typical of what the playersonsuned at home and school on a regular basis. A wide
variety of fads were offered to the playeas each meal in order to replicate what
would typically occur in a free living situatiomhe macronutrient composition of the
food and drink items available wé8% carbohydrate, 11% protein and 21% Radtails

of all foods provided are outlined in Tal8el. The research team were responsible for
preparing and covertly weighing all available food and drink items to the nearest gram
or millilitre and producing anumericalcode for each item. Playevgere informed all

food and drink items were availabb libitum to replicate realorld conditions,
although instructions wergprovided to enable playet® weigh (Sartorius TE6100,
Goettingen, Germany) and record aflthe food and drink consumed in a food diary

provided (Appendix C) To enhance energy intake accuracy, all leftover food was
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weighedand recorded by the playessd also covertly weighed and disposed of by the

researcher.
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Table 3.1 Food and drink itemmade available for the playedsaring the study

Meal Food and Drink Items Available

.HOORJJYV )URVWLHV &RFR SRSV &RL
Breakfast 3& KRF Q 5ROO0O° 5L F-Braitl RESHridpies) W &abix,

semiskimmed or whole milk

Ham Sandwich white/brown bread with/without butter, Chicken
Lunch
Sandwich white/brown bread with/without butter

Jacket potato (with/without beans, cheese), Tomato pasta
Dinner  (with/without cheese), Chicken breast (with/withpotatoes,

carrots, tomato sau CE)

Orange cordial (no added sugar), water, pure apple juice, pure
Secondary
orange juice, fruit (bananas, apples, clementines), yoghurts, cer
Items
bars, crisps, confectionary
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For the period between 20:00 h and 08t0éhe following mormg, whilst at home,
playerswere required to only consume items taken from the laboratory and follow the
same weighing process as in the laboratory. Therefore, secondary food and drink items,
plus cereal and milk cartons, were avdiato take home for consumption (seeblEa

3.1). However, no playermspted to take any additional items hortierefore no further
consumption was recorded between 20:Q08:00 h. The following maring individual
faceto-face 24h recall interviews wereonducted using the twpass methodAshley

& Bovee, 2003 This method firstly reviews the main foods areVdérages consumed
within the 24h period, whilstsecondly prompting playefsr more information such as
condiments, brand names, how the foods vpeepared and cooked and portion sizes if

not provided in the first pass.

Energy intakefor the 24 h period12 h in the laboratory and 12 h at home; referred to as
3SR EVHUY H Br the @eWdinNed of the theiwasdetermined for each playby the
researcher using the covert numerical coding system (as explaiedadusly. Player

24 h energy intake was determined usimgormation reportedin the selfreported
weighed fooddiary and any additionainformation provided during the 24 recall
interviews. This combined dietary data collection method has previously been used by

Rumboldet al.(2011a) in a recreationally active female population of a similar age.

3.2.3Estimation of energy ntake
The nutritional content of all food and drink itemaswbtainedfrom food packaging
and analysedto calculate the observed arplayer repoted 24 h energy intake

(MJ-day?). When information aboutfood portions were noprovided by players
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which corresponded to an identical food or drink item.

3.2.4Statistical Analysis

All data are pesented as mean + SD. The agreement leet@stimates of energy intake
(MJ-day?) reported by the playerseltrepored, weighed food diaries and B4recall
interviews) and observed energy intake by the researcher was assessed using a range of
statistics Limits of agreement (LOAYsing the Bland and Altman (1986)ethod was

used to assess the relative bias (mean difference) and random error (1.96 SD of the
difference) between methods, as recommended by Livingstalg1992) Confidence
intervals (Cl 95%) for the bias and paired samplesests were used to test for
significant differences between methods. Random error was further assessed using
typical error of the estimate as a coefficient of variafi@¥), andlinear regression

(Hopkins 2015) Statistical significance was assumedgat 0.05.
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3.3 Results

Playes selfreported energy intake (BF + 201 MJ-day'!) was significantly under
reported in comparispto observed energy intake (22 + 2.12 MJ-d'!) with a mean

E L D VO.B7IMiJ-day’ (95% &, IRU E QLW RiLR MJ-day?) (t(11) 3.291,p =
0.007). The combined approach of gepated, weighed food diary and 24 recall
therefore had a 3.0% bias towards undgrorting of energy intake when male
Academysoccer players are asked togettheir food and fluid intake, though the 95%

ClI for this bias was narrow with a range of 1.0% to 5.0%.

For random error, the 95% LOA between methods rangdd W Z H.HIQo 0.37
MJ-day* (Figure3.1). The standard error of the estimate was low, witypaal error
between measurements of 3.1%. The results of the linear regression analysis (and
associated calibration equation) are presented in Fig2reCollectively these data
demonstrate a low degree of random error betweernregaliited energy intak and
researcher observed methods. A visual inspection of the distribution of data in Figures
3.1 and 3.2 show no mdication of hetroscedasticityA descriptive analysis of
micronutrient values as a percentage of Recommended Nutrient Intake (RNI; SACN,
2011) were performed on the players with the highest and loteégt energy intake

Figure 3.3).
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Figure 3.1 Individual differenes in energy intake (playeeported energy intaket

observed energy intakggrsusmean of the measements for energy intake.
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Figure 3.2 Linear regression scatter plot between player reported energy intake and

observed energy intake.
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Figure 3.3 Micronutrient contentsf Academy soccer playgfdiets (highst v lowest
individual total energy intake) expresseglative to activity corrected Recommended

Nutrient ntake (RNI) value
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3.4 Discussion

The aim of the current study was to explore the agreement between researcher observed
energy intake and setéported energy intake in malkkcademysoccer players using a
combined method (seteported weighed food diary, supplemented with d 2écall).

In agreement with the hypothesibetfindings demonstratbatthe variability between
methods was low (typicarror of the estimate = 3.1%) and although usréeorting

was observed with the combined salport method, the magnitudd this bias was
ERWK VeIroQday) and RQVLVWHQW & 0.81R W RELPD V i
MJ-dayl). Consequently, with an apgpriate adjustment for undeeporting, the
combined selfeport method could be used as an alternative to the researcher observed
method to quantify energy intake Atademysoccer players. Furthermore, it could be a

valuable tool to adopt when studyingch measures in a fré@ing environment.

Playermeanself-reported energy intake (BF + 2.01 MJ-day) produ@d a significant
ELDV ORT MJ.day® toward undereporting when compared to mean observ
energy intake (123 + 212 MJ-day't). However, when analysing agreement between
two methods it is important to question whether the differences easingful. Bland

and Altman (1990kuggest that it is not the statistical difference that matters, but the
magnitude. While the difference between methods was significantly different, the
magnitude of the difference was low, as evidenced by the narrow eocéidterval for
ELDM iW®&1d2MJ-dayl). Wang Gortmaker Sobol andKuntz (2006)proposed a
difference in energy intake 646 9€.69 MJ-d* to be clinically meaningful in a weight
loss context; higher than the mean bias fified in the current study i MJ-d ™,
suggesting the undeeporting would not likely impact on energy balance. Importantly

for future studies, the degree of random error between methods was also low, with a
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typical error of the estimate of 3.1 ZLWK /2% UDQJLQ Io DBRP i
MJ-day. Thereforejt is suggested that future studies may adopt thersptirt method

for determining energy intake within this population, with a small adjustment for the
significant, but likely small,underreporting. If future study findigs required an
adjustment, this would be achieved using the calibration equation provided by the linear
regression analysis iRigure3.2; y = 1.039% i Z K Atrdsearcher observed
energy intake anc = participants selfeported energy intake. Tilustrate, for the
average selfeport energy intake measured in this study (11.87 M3jlayould be
adjusted to 12.23 MJ-d&yto account for the undeeporting using the calibration
equation. Using this method will allow researchers and practitioleraccurately
investigate energy intake in frdiging, field-based environments and as such could

incorporate more accurate nutritional interventions to opéirperformance.

Although no previous research has attempted to quantify the accuracy of enakgy

within the population ofAcademysoccer players, the finding of significant under
reporting is in agreement with the majority of previously published studies investigating
energy intake methods in adolescent m@Bendini et al., 1990Bandini etal., 1999;
Bratteby et al.,1998; Livingstone et al., 1992Despite studies adopting differing
methods of collecting dietary energy intake, results present unequivocal evidence of
significant undetUHSRUWLQJ ZKHQ YDOLGDWHG DJDL@VW '/:
i UHV S HKBé4hdhHeD &l., 1990; Bandini et al., 1999; Bratteby et al., 1998;
Livingstone et al., 1992 Whilst the current study is in agreement with previous studies
with regards to identifying a significant une®porting of energy intake, ¢h
FRQVLGHUDEO\ ORZHU i HUURU KLJKOLJKWV D VXEVYV

dietary data collection method is adopted.
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The low level of bias and close agreement demonstrated in the current study can be
explained by th@layerV{ KLJK O H Yerént.RivingQah@tlal.(1992)discussed

the effect of age on validity of energy intake, suggesting the magnitude of- under
reporting increases as children enter adolescence. However, educational workshops
were conducted with thglayersproviding a detded explanation and demonstration of

the food weighing and recording process, increaspigyerfV.- HQJDJHPHQW
confidence with the collection method. Furthermore, athletes have been found to display
traits of higher inherent motivation levdlgould, 192; Reiss Wiltz, Sherman2001)

which may account for the higher level of compliance and engagement in the combined
collection method within the current population sample, due to their willingrwess
develop, learn and impressc&demy staffPlayers werealso administered the Dutch
Eaing Behaviour Questionnaire (Van Strein et al., 1986)r to data collection. All
twelve playes were classified as unrestnaid eaters, with the meatietary restraint

score (2.28 + 0.3) falling into the average rangenigh school maleévan Strein et al.,

1986) Higher levels of dietary restraint are more likely to coincide with under
reporting, as this was not evident, as well aplkayersrecording a healthy body mass
index (21.9 + 1.9 kg/A); it is likely that thisalso contributed to the small bias of the

self-reported energy intake.

One possible reason to account for the small urej@rrting evident in the present
study could be the nature of how athletes consume nutrients. Frequent snacking is
extremely commommongst the athlete population to accomplish the high energy intake
requrements of highevel sport (Hawley et al., 199Ayith as many as nine occasions

of snacking demonstrad over a single day period (Jensen et al., 1998refore the
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eating patter of adolescent athletes may be more complex due to increased frequency
of recording, which can subsequently increase buraeh edfect conpliance levels
(Livingstone & Robson, 2000as well as increase the difficulty of remembering large
amounts of foodtems during 24h recall. The mean observed energy intake in the
current study was 123 + 212 MJ-day'* however, 35% + 5% of mean energy intake
comprised of secondary items, whichncbe classified as snacking.48 + 1.06
MJ-day). This finding is suppaed by previous studies that identified contribution of
shacks to total energy intake in hilglvel athletes range from 17%2% (Ziegler
Jonnalagadda, NelsoBD02) and 30%87% (Van ErpBaart Saris& Binkhorst 1989)
Analysis of the selfeported energintake identified that a number of secondary items
were missed which equated @33 MJ-day'*. This finding clarifies 90% of the under
reportL Q J H WERMI-ddy'Y), with the remaining 10%0(04 MJ-day') attributed to
inaccuracy of weighing food items. This is an important consideration to acknowledge
that actual reporting accuracy was nloé issue;moreover,it was the ability of the

playerto record the consistent snacking throughout the day.

The mean oberved energy intake (BB + 212 MJ-day?) is slightly higher in
comparison to the Estimed Average RequirementsASN, 2011) Recommadations

are 108 MJ-d'* and 117 MJ-d™ respectively for active male 13 y and 14 y olds, based
on Physical Activity Levels (PALs) of 1.865ACN, 2011) It is important to recogres

that although the recommendatio(BACN, 2011)take in to consideration ghical
activity and growth, the increased physical activity levels experienced on a daily basis
by the current study sagite are considerably high@Russell &Pennock, 2011)When
comparing the results to fré@ing studies investigating nutritional intalof Academy

soccer players, researchers have all reportedoptiimal energy intakes based on
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estimated energy expendituiiglesiasGutierrez et al., 2005; Ruiz et al., 2Q0®ussell

& Pennock, 201}, even when intake is in excess of mean observed eigedye in the
current stugt. Energy intake findings of 13+ 0.8 MJ-day* (Ruiz et al., 2005)12.6
MJ-day? (IglesiasGutierrez et al., 2005)119 + 0.7 MJ-day* (Russell & Pennock,

2011) have all been identified, which demonstrate the current stuliypsaepresent
habitual energy intake in this populatiomhe macronutrient breakdown of mean
observed energy intake equated to carbohydrates (59% + 3%), proteins (15% + 3%) and
fats (26% + 3%). This finding is also in direct support of previous reseaitth w
Academy soccer plgers as Russell and Pennock (20identified macronutrient
contributions to total energy intake as 56% *+ 1%, 16% + 1% and 31% + 1% for
carbohydrates, proteins and fats, respectively. Therefbeecomposition of energy
intake in thepresent study isimilar to that of habitual, frekving energy intake studies
within a similar population (Russelk Pennock, 2011) VXSSRUWLQJ WKH
ecologically valid desigri-urthermore, aescriptive analysis of micronutrient values as

a percatage of Recommended Nutrient Intake (RNI; SACN, 2011) were performed on
the players with the highest and lowest total energy infBkgire 3.3).Relatively few
studies lave addressed the micronutrient content of diets of Academy soccer players
(Boisseauet al., 2002;lglesiasGutierrez et al., 2005Russell & Pennock, 2011).
However, h agreement with the limited amount of previous findingg majority of
vitamins and mineralsithermetor exceeded activity corrected RNI values from dietary
intake alore, demonstrating that dietary practicdsAcademy playersareadequate to

fulfil their micronutrient requirements.

Rumboldet al.(2011a) recommended that studies assessing energy balance or devising

exercise interventions, which require recordingeoérgy intake shouldndeavouro
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establish the accuracy of the energy intake method, specific to the sample population.
Whilst acknowledging the combined method requires high participant and researcher
compliance, which may demand a relatively high tirostcthe current study provides a
benchmark for researchers and practitioners to use the combined method of energy
intake wlen collecting such data withilcademy soccer players in frekving
environments. It is acknowledged that the two methods repsign#icant difference;
however,the magnitude of the difference is still considerably lower than previously
published methods with male adolescef@andini et al., 1990Bandini et al., 1999;
Bratteby et al., 1998; Livingstone et al., 1992 a suitald adjustment to seteport
estimates of energy intake can be confidently applied given the narrowness of both the
estimate of the bias score and of the random error between methods: fasglaech is
required to utilie this combined method to assesergg balance in maldcademy
soccer players in a frdeving environment over longer time scales. This will help to
inform nutritional interventions to support the training and physical development of this

population.
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3.5 Conclusion

In conclusion, the colnned method of selfeport, weighed food diary and 24recall
demonstrated a low random error between methods and although a statistically
significant undeireporting was observed, the magnitude of this bias was small.
Applying an appropriate adjustmefior underreporting to the comhed method could
provide a more accuratalternative to current energy intake collection methods,
providing both researchers and practitioners with a valuable toquaatify energy
intake in Academy soccer players, in a deliving environment. Such accurate
information on habitual energy intake is warranted as currently limited information
exists on dietary practices of Academy soccer players in the UK. Information would
likely be important for coaches and practitionetteriested in assessing if energy intake

is sufficient to meet the demands of training and mptak.
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Chapter 4: Assessment of energy intake and energyxgenditure of male Academy

socce players during a competitive week

This wak has been published inpaerreviewed journal:
Briggs, M. A., Cockburn, E., Rumbold, P. L. S., Rae, G., Stevenson, E. J., & Russell,
M. (2015). Assessment of energy intake and energy expenditure of male adolescent

academylevel soccer players during a competitive wedldtrients7, 83928401.

Abstract

Introduction/Purpose:There is limited information quantifying the dietary habits of
adolescent Academy soccer players, engaging in kgekly training volumes.
Therefore, the aim of this study was to investighteenergy intakand expenditure of
professional adolesceAtademysoccer players during a competitive week.
Methods:Over a seven day period that included four training days, two rest days and a
match day, energy intake (se#fported weighed food diary and -B4recal) and
expenditure (traxial accelerometry) were recorded in 10 male players from a
professional English Premier League club.

Results: The mean macronutrient composition of the dietary intake was 318 + 24
g-day (5.6 + 0.4 g-kg* BM) carbohydrate, 86 +QLg-day* (1.5 + 0.2 g-kg' BM)
protein and 70 + 7 g-ddy (1.2 + 0.1 g-kd* BM) fats, representing 55% =+ 3%, 16% +

1%, and 29% * 2% of mean daily energy intake respectively. A mean daily energy

GHILELW RI i “ N- S Z Dnergy EnakeU9BBEGE E H W :
N- DQG HQHUJ\ H[SHQGLWXUH “ N- ODWFK
DQG KHDY\ WUDLQLQJ GD\V i “ N- S

deficits between intake and expenditure.

Conclusion:The mean dailyenergy intake of professional adolescAnademysoccer
players was lower than the energy expended during a competitive week. The
magnitudes of these deficits were greatest on match and heavy training days. These
findings may have both short and letegm implications on the performance and

physical development of adolescent soccer players.
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4.1 Introduction

Soccer is typically classified as a higtiensity, intermittat team sport comprised of
two 45 min halves (Stolen et al., 2009)uring a 90 min matchdistances of ® km

have been reported for adolescents representing professional AoademiegHarley

et al., 2010 Goto et &, 2015. In adult players of similar standard, match distances
typically range between 9 and 13 KBangsbo et al., 200®ussel] SparkesNortheast,
Cook, Love,Bracken& Kilduff, 2014; Russell et al., 20L5Similar match distances
may insinuate comparable workloads between youth aoll pdpulations. However,
utlisL,QJ DGXOW GDWD WR SUHQByeniit@®@asibéént@ivsd D WK O
and may not be directly comparable, due to the increased energy cost of gBaeise

Or, 200). Energy balance is integral for adolescents to sustain optimal growth and
developmen{Giovannini et al., 2000Spear, 200R with additional nutritional intake
required to offset the increased energy cost of -leghl training and competition

(Petrie et al., 2004)

Research investigating socespecific nutritional intakes has been carried out in adult
professional soccefCalderom et al.,1990; Clark, 1994Hargreaves, 1994Martin,
Lambeth & Scott2006; Maughan, 1997; Reilly, 1994However, arelatively limited
amount of studies have investigated the nutritionak of adolescent Acadersgccer
players(Boisseau et al., 200Zaccialanza et al., 2007; Iglesi@sitierrez et al., 2005;
Leblanc et al., 2002Ruiz et al., 2005) The findings of these studies, which have
primarily investigated the habits of players from outside of the UK, have typically
reported sulpptimal energyintake relative to estimates of energy expenditure
(Boisseau et al., 2002; Caccialanza et al., 2007; Igkxigierrez et al., 2005; Leblanc

et al.,, 2002 In the only study to date to investigate dietary and activity regimes of
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adolescent soccer playensthe UK, it was reported that dietary practices are inadequate
to sustain the demands of training and competition, with a mean daily energy afeficit

i .3+ 0.73 MJ reported (Russell &ennock, 2011)Although energy expenditure
estimations utiked fieldbased methods, these equations were dependent upon
subjective accounts of activity volume, recorded in -sshorted training diaries.
(Boisseau eal., 2002; Caccialanza et al., 2007; Iglestagierrez et al., 2005; Leblanc

et al., 2002; Ruiz et al., 2005; Russell & Pennock, 20&/Mhile studieshaveoutlined
meanweekly energydeficit values (Boisseau et al., 2002; Caccialanza et al., 2007;
Iglesas-Gutierrez et al., 2005; Leblanc et al., 2002; Ruiz et al., 2005; Russell &
Pennock, 201) these studies do not provide a breakdowrhef difference between
days, to understand if fluctuations in energy balance o&authermore considering

the demads of Academy soccer matplay (Harley et al., 2010Goto et al., 2016
limited information exists quantifying pmaatch dietary practicesf Academy soccer

players(Leblanc et al., 2002; Ruiz et al., 2005).

Assessing energy balance is reliant on tbegarison ofaccurate methods of both
energy intakeand energy expenditure. AlthougBLW is deemed the gold standard
when &sessing energy expenditure (Plasqui e28l13),its inability to determine the
energy cost of each training day suggésinay rot bea feasibleoptionfor field-basel
researchers and practitionersomequire information on fluctuatioms energy balance.
An alternative to this approach may be use accelerometers, which have been
demonstrated to elicit valid and reliable measusé physical activity in youth with
free-living environments (De Vries et al., 2006antosLozano et al., 2013; Trost et al.,
201]). There are currelyt no studies, which have utiBsl accelerometry to assess

energy expenditure, whilst also accountiiog the potential undereporting error of
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energy intake methods, within a full training and competition week in male a€elotesc

Premier League Acadenspccer players in the UK.

Academysoccer players in the UK engage in mandatory training volumes af 2@ I

per week in accordanogith the newly adopted Elite EPRPremier League, 2015)

with additional demands (school P.E.; county and/or national representation and other
sporting commitments) independent ofcAdemy training, comprising training loads
which are not comparable to fdlme scholar soccer players. In order to better
understand the dietary and activity habits of this population and to distinguish whether
or not current dietary practices are adequate to meet the demands of training and match
play and also growth and development, the aim of this study wassiss energy
balance m maleAcademysoccer players over aday period. Asecondary aim was to
examine type of activity day (heavy/moderate/light training, match, rest) separately to
highlight any fluctuation in energy balance throughout the week, as well as examining
prematch nutritional practicedBased on pngous studies, it was hypothests that

daily energy intake would be significdgptless than energy expenditure, with greatest

deficits being on match and heavy training days.
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4.2 Method

4.2.1Participants

Ten maé players (age: 15.4 + 0.3 stature: 1.70 £ 0.06 nBM: 57.8 £ 7.8 kg and
BMI: 19.84 + 1.58 kg-ff) who playd for a Premier League soccecadlemy
participated in the studystatistical power was calculated using commercially available
software (GPower v3.1,Germyg and a sample size of taras deemed sufficient for
>80% power to detect statisticdlfferences between energytake and expenditure
overall (8@%), and differentiating betvem type of training day (heavy 91% and match
day 89%). The maturity offset was 3.6 + 0ypbeyondPHYV indicaing that all of the
playershad reached their predict&HV (positive maturity offset) and thus were of a
similar maturation stas (Mirwald et al., 2002)All playerswere actively engaged in

full training and competition, which over the course of the study consisted of four
training days (two training sessioper day was classified as a heavy day and one
session per day was classified as a moderate day), a match day and irainmug
recovery days within &-day period. Data collection period was during the second half
of the competitive seas (March), wheeby playersvere consistently engaged in 20 h

of active training per week he study was approved by the Faculty of Health and Life
Sciences Research Ethics Committee at Northumbria University. Information was
provided prior to gaining written informed reent from the players and their parents or
guardians before commencing data collection (see Appendix Bximple ofethics

documents).

4.2.2Dietary Assessment
Energy intake was recorded ovef7@lay period during the competitive season, using

the comined method of selfeported weighed food diary, gplemented with 24
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recall (chapter B The combined methothvestigated inchapter3 demonstratedan
increasedaccuracy with a smaller undereporting biag~3%), compared tgreviously
investigatedisolated methods of energintake collectionwithin adolescent male
populations(18-27%; Bandini et al., 1990; Bandini et al., 1999; Bratteby et al., 1998;
Livingstone et al., 1992 he accuacy of the combined method wesnducted with the

same cohort of plyers used within the current studhpweverthe time frame between
studies was ~14 months. Furthermore, whilst the design of chapter 3 was created
purposefully to mimic habitual activities, albeit within a laboratory setting, this was
during a rest dayTherefore, it was deemed appropriate to engage players in a re
familiarisation pilot SHULRG SULRU WR GDWD FROOHFWLRQ WR
combinel method, whilst also gaining an insight inaoy practical issues @pplying

this method withinthe Academy setting. The-familiarisation sessiomwas conducted

over a 6 hperiod whilst at the Academy on a moderate training ddys period
consisted of 1 x 90 min training session, alongside classroom based educational work
and sedentary periods fs€e time. The embineddietarydatacollectionwas compared

to the observedmethod using the same covert cagliprocess outlined in chapter 3 as
well as also mimicking thed libitum energy intake design of chapter ean sel
reported energy intake demstrated a slight undeeporting bias 0f0.40 MJ-d*. The

results of the rdéamiliarisation pilot session demonstrated similar levels of accuracy
outlined in chapter 3-0.37 MJ-d?), providing evidence that the combined method
investigated irchapter Ian be confidently applied to frdéiging environmens, specific

to the Academy player.

Seven day dietary data collection was seen as optimal to gain a sufficient amount of

information whilstmaintaining high compliance (Bingham, 198@hd is indicatie of
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previous studiegBoisseau et al., 200Zaccialanzeet al., 2007 Russell & Pennock,
201]). Each playemwas provided with a food diarfAppendix D)and was asked to
detail their weighed food intake, time of food consumption, preparation and cooking
methods, and brand names. Provision of electronic portable sta#dter 1036
BKSSDR UK) facilitated weighing of all food items consumed. Prior to data collection,
a series of practical workshops were delivered tglayers by the leadesearchem

order to ensure that participants were familiar with the study procedures relating to
energy intake. To coincide with the sedpated food diary each player engaged in a 24

h recall interview on each day of the data collection period. Interviews weredcauiie
usingthe twopass method (Ashley &ovee, 208) whereby the overallaing events

of the previous 24 were reviewed to identify the main foods and beveragesuooed
Secondly, the playsrwere prompted for more information such as condimentsdbran
names, additional food or drink items, how the foods were prepared and cooked and

portion sizes if not provided in the food diaries.

Food diaries were crossferenced with the respective Bdrecalls, supplementing any
missing or additional informatiolCommercially availble software was used to anays
energy intake (Microdiet version 2.8.5, Downlee Systems Limited, High Peak, UK). To
ensure consistency, a single researcher, who was responsible for dgltheridata
collection familiarigtion workslops to the participants, performed all dietary analysi

as recommended by Deakin (2000jotal energy intake values were adjusted to
accommodate for an underporting bias usin@ correction factor (Equatiori]) as

previously identified in chapter 3.

Energy Intakey = 1.039% +0.1064 (wherg = adjusted energy intake and [1]

x = playes selfreported energy intake).
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4.2 3 Energy Expenditure Estimation

Energy expenditure was calculated using accelerometry methods (ActiGraph GT3X+;
ActiGraph, Pensada, FL, USA) that demonstrate valid and reliable measures of
physical activity and sedentatime in youth populations (De Vries et al., 208@&ntos
Lozano et al., 2013; Trost et al., 201This accelerometealso demonstrates high
levels of interinstrument reliability (ICC values: 0.97 to 1.00 for raw outputs and 0.97

to 0.99 for derived outputs, withifreeliving environments; Jarrett et al., 2Q19he
accelerometer was positioned above the anterior spine of the iliac crest in line with the
anteror D[LOODU\ OLQH RI WKH GRPLQDQW KLS DV SHU W
Theacceleration output was digitid by a 12bit analogueto-digital convertor at a user
speific rate of 30 Hz. Playsrwere instructed to wear the device for 24 h for each of
the 7 days except during exposure to wabased activities (e.g., swimming and
bathing). MET intensity thresholds were adopted based on previous calibration studies
(Trost et al., 201)1(Table4.1). In addition,cut points devised by Evensehal.(2008)

were used as they exhibit significantly better accuracy thler published cut points
(Trost et al., 2011jTable4.1). Furthermorethe equationKreedson et al., 2005) used

to convert the raw data activity counts to a measure of energy expenditure has
previously been deemed valid andaccuratemethodin freeliving, active youth

populations (Santekozano et al., 2013).
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Table 4.1 MET Intensity Threshold and Cut Points

MET Intensity Cut Points
Thresholds (Activity Counts)
Sedentary Activity (SED) <1.5 METs ”
Light Physical Activity (LPA) . DQG 0 >100 and <2296

Moderate Physical Activity (MPA) - DQG 0(

Vigorous physical Activity (VPA) e 0O(7V

. DQG
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Relevant METs and cut points were inserted to the ActiLife 6 Data AsdBgaftware
(ActiGraph, Pensacola, FL, USA) accordingly, prior to energy expenditure calculations.

In many research designs displaying energy expenditure in relation to METs is
appropriate, however when comparing witkelgy intake, data expressed ad igimore

relevant and directly comparable. To calculate energy eXjpea in MJ, dailly MET

values were derived from the raw data accelerations and input in to a modified version
of the equation devised by Ridley al (2008)(Equaton[2] XVLQJ 68®®BBLHOG

prediction equation to estate adolescent RMR (Equation ).3]

Energy Expenditure (M) = MET value x adolescent RMR (vkg™-min %) x kg 2

body weight x number of minutes activity performed

Resting Metabolic Rate (RMR) = 17.686 x kg body vaeig 658.2 [3]

4.2 4Statistical Analysis

Dietary intake data was considered reliable at <20% when using the percentage of
relative standard error (SEM + MeaRussell &Pennock, 2011)Seven dayneans for

total energy intake (MJ), total energy expeudit (MJ), energy deficit (M) and
macronutrients (% total energy intake, g, d®gvere determinedOnce confirmed by
nomality and variance assessmendgspaired sampled-test was used tonalyse
differences in mean-day energy balancgnergy intake vs energy expenditues)d

also differences in energy balance for different typlegaining/recovery days (heavy,
moderate, rest) and match day. A one way (wigarticipants factor: energy deficit)
repeated measures analysis of variance (ANOVA) was used to examine if energy deficit
differed between days (heavy, moderate, rest aatthmday). A separate one way
(within-participants factor: macronutrient intake) repeated measures ANOVA was used

to examine if carbohydrate, protein and fat differed between days (heavy, moderate, rest

106



DQG PDWFK GD\ ODXFKO\TV W HhoV8eEe33Er EdRrertiod @A HG D
applied if the assumption of sphericity was violated. Significant main effects were
further investigated using multiple pairwise comparisons with Bonferroni confidence
interval adjustmentA descriptive analysis was performed prematch energy intak

to quantify habitual practiceas well asmicronutrient values as a percentage of
Recommended Nutrient Intak@ll data are presented as mean + SD, with level of
significance set gb ” XVLQJ 6366 9HUVLRQ 6366 ,QF & K

all analysis.
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4.3 Results

4.31 Macronutrients and Micronutrients

Estimates of nutritional intake are considered reliable as relative standard error did not
exceed 8% for any of the anakygs macronutrientsThe mean daily macronutrient
intakes, with a breakdown in relation to type of activity day are expressed in4lable

The ANOVA revealed no significant main effect for carbohyd(&(g27) = 1.671, p =
0.197, protein F(z27) = 0.883,p = 0.4&) and fat F(s27) = 1.963, p = 0.13) over the
different types of training/match day# descriptive analysis of micronutriemtilues
performed on the players with the highest and lowest total energy irkajeg 41),

demonstrated all micromient either met or exceeded RNIs.
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Table 4.2 Mean maoonutrient intakes of Academy RF FH U S O MdiiferéhfjatedByLtyp&\o¥ activity day (mean £ SD).

Macronutrient Heavy Moderate Rest Match Mean
Protein
Per day (g-day') 93+ 29 82 + 27 96 + 22 86 + 26 86 + 10
Per unit BM (g-kg ' -day') 1.6+05 14+0.6 1.7+05 15+05 1.5+0.2
Total protein energy ratio (%) 17+ 6 16+ 4 19+6 17+ 4 161
Carbohydrate
Per day (g-day') 337 + 109 321+ 76 281 + 51 314 + 97 318+ 24
Per unit BM (g-kg ' -day') 6.0+ 23 56+1.6 50+£1.3 55+2.0 5604
Of which are sugars (g-day ) 155+ 71 150 + 53 103 + 38 109 + 56 136 + 24
Total carbohydrate energy ratio (%) 55+7 58+ 8 49 + 7 55+ 8 55+ 3
Fats
Per day (g-day' ) 7324 66 + 26 80+ 19 66 + 18 70+7
Per unit BM (g-kg ' -day') 1.3+04 1.1+05 1.4+0.3 1.1+.0.2 1.2+0.1
Of which are saturates (g-day ) 28+ 11 26 £ 10 277 21+8 26+ 3
Total fats energy ratio (%) 28+ 6 27+ 8 33+6 28+ 6 29+ 2
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Figure41.0HDQ “ 6' PLFURQXWULHQW FRQWHQWYV RI $FDGF

expressed relative to activity corrected Recommended Nutrient Intake (RNI) values.
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4.32 Energy Balance

Mean daily energy intake @+ 1.34 MJ) was significantly lower thmmean daily
energy expenditure (188 + 1.03 MJ) (p = 0.035). This resulted in a mean daily energy
G HILFL®4 RG6MJ.Figure 42 illustrates the daily energy intake and expenditure

data for each individual
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Figure 4.2 Individualised data for estimated daily energy intake-@¥yand

expenditure (MJ-d) for each player and the group mean (bold dashed line).
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4.3.3 Energy Cost of Activities

Figure 4.3 illustrates the mean daily energy intake and expenditure data based on the
type of training day. A significant difference walsserved between mean energy intake
DQG HQHUJ\ H[SHQGLWXUH ROt K26MY)\p WODDapd @alcts D\ V
GD\ .28 £ 231 MJ) (p = 0.019. Although an energy deficit was also observed on a
PRGHUDWH WUD2R@MIp s wasnot statistically significantp =

0.141). Rest day was the only exceptiaemonstratinga mean positive energy balance
(0.64+ 1.2 MJ); yetthis value was similar to energy expendityse=(0.125). The ratio

of mean energy intake to mean energy exparglivas 89% + 16%.
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Figure 4.3 Mean Energy Intake (§) compaed to Mean Energy Expenditure J)for
type of training.* Significant difference between mean energy intakeragen energy

expenditure at theorresponding timgoint at p < 0.05 level.
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The ANOVA revealed a significant maeffect (327 = 6.682, p= 0.003, with post
hoc comparisons identifying significant differencies energy balancéetween havy
training days and rest dayi .76+ 0.75 MJ; p = 0.029, andalso between a match day

DQG UH V.92 ®D5MJ;p=0.003.

4.34 Pre-match energy intake

Prematch energyntake provides mean values oflé + 0.13 MJ consumed ~3 h
before kickoff. Consumption was comprised of 41 + 2 g, 10t 4gand 8 +tR2 g o
carbohydrate, protein and fat respectively, resulting in a macronutrient percentage

breakdown 660 + 6%, 15 + 4% and 25 + 4%.
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4.4 Discussion

The primary aim of the study was to assess energy balanoale Academysoccer
players.In agreement with thaypothesis, e findirgs demonstrate that over ad@y

period players were in a negative energy balance, with energy intake being insufficient
to meet the demands of training and competitivlean daily energy intake was
significantly lower than mean dgilenergy expenditure, providing a daily energy
deficit. Additionally, the type of training had a direct impact on the degree of energy
deficit, highlighting that heavy training days and match dagsaparticular threat to
energy balancer-urthermore, argsis of prematch dietary practices highlights likely
suboptimal energy intakeSuch information is likely of use to practitioners and players

who should consider adjusting energy intake accordingly.

Whilst energy balancassessment of UK Academy socpéayershas previously been
conducted, His is the first study to utiles accelerometry to assess energy expenditure,
whilst alsoaccounting folrunderreporting error irenergy intakeAlthough magnitudes
of deficits differ, evidence of negative energydmae reflects observations from similar
populations competing outside of the ®accialanza et al., 200Leblanc et al., 2002;
Ruiz et al., 2005)In an attempt to quantify the magnitude of the mean energy deficit
i .3+ 166 MJ-day"), the findings of the present study provided a considerably lower
GHILFLW ZKHQ FRPSDUHG WR7EWBAMLIRIXW CacidakhRely H J
al., 2007 i .3+ 0.73 MJ-day; Russell &Pennock, 2011)However caution must be
exercised when attempting to apply direct comparisons due to methodological
differences between study desig@arciaRoves GarciaZapico, Patterson & Iglesias
Gutierrez,2014) and the bsence of post body mass measureméuatthermore, it is

also important to acknowledge th&mtal energy intake values were adjusted to
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accommodate for an underreporting bias(as previously identifiedwithin this
populationin chapter 3 using a correctin factor (Equation [1])Mean daily energy

intake was adjusted from 9.08 £ 1.37 MJ to 9.4 £ 1.34 MJ resulting in mean daily
energy deficits decreasing frorh.62 + 1.73 MJ te1.3 £ 1.66 MJ. However, regardless

of the adjustment, the mean daily energyditeis still considerable lower than previous
studies Caccialanza et al., 200Russell & Pennock, 2011The greater deficit in the
previous studies may be inflated due to using an estimated method of measuring energy
expenditure (1445 + 109 MJ-day'; Caccialanza et al., 200@nd 1515 + 0.26

MJ-day'!; Russell & Pennock, 2011) LQ FRPSDULVRQ WR fliags FXUU |
(10.68 + 1.03 MJ-day'?), which used accelerometry as a more sensitive measure of

energy expenditure.

To contextualie the energy & | L F L3 166 MJ-day?) in relation to weight loss,

this would equate to a mean weekly weight loss of 0.04 + 0.05 kg per player, using
previously pubished equations (McArdleKatch & Katch, 1999) Energy deficit
coinciding with heavy training over sustained period may cause detriments to health,
impacting on optimal growth and developmékieyer et al., 2007; Petrie et al., 2004)

in addition to performance detriments and increased risk of irfjthgmpson, 1998)
However due to external factorsarpcipants were unavailable for body mass
measurement during the immediate pdeta collection period to determine if weight
loss was evidentherefore estimations of potential weight Iesd®uld be interpreted

with caution. Figure 4.2demonstrates thgblayers were consistently in a negative
energy balance with only one participant reporting energy intake values above energy
expenditure. A descriptive analysis of the individual data highlights variability in mean

energy intake and expenditure valuesybeer there is no relationship apparent linking
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body mass or playing position with higher or lower energy defititsvever, @spite
SOD\HUV EHLQJ LQ D QHJDWLYH HQHUJ\ EDODQFH DQD
mean energy intake revealed th#tplayers either met or exceeded RNI valves (SCAN,
2011). This is aligned with previous research investigating dietary habits of Academy
soccer playersBpisseau et al., 2002glesiasGutierrez et al., 2005Russell & Pennock,

2011) suggesting, despitgeemingly sulpptimal dietary practices to fuel training and match

play demands, micronutrient intake is not adversely effected.

Information is lacking in the literature to determine where the greatest energy deficits
are occurring throughout the weekithough studies outline mean energy expenditure
values(Boisseau et al., 2002; Caccialanza et al., 2007; Igixidierrez et al., 2005;
Leblanc et al., 2002; Ruiz et al., 20@ussell & Pennock, 20),1these studies do not
provide a breakdown of the fthrence between days. Within the current study a
significant weekly deficit was observed, howe\RiIQ O\ KHD Y\ WUD220NMIDJ i
(p DQG PDWREK+@BI1\MJ) (p < 0.05) induced a significant energy
deficit relative to energy expenditure. The deficits identified may have implications as
Wanget al (2006) proposed a difference imergy intake 0D.466.69MJ-day* to be
clinically meaningful in a wight loss context. Furthermore, whilst moderate training
days induced an energy deficit deemed not statistically significar@3+ 202 MJ; p

= 0.141), this would still be above thinecally meaningful threshold outlined by Wang

et al. (2006).However, weight loscould not be confirmed due to the inability to
measure posfata collection body mas#$n addition macronutrient intake was not
significantly different between days. Findls may suggest that macronutrient
consumption and total energy intake is relatively stable across the week, therefore the

issue is that players are not adjusting intake to account for the intensity of training. This
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finding supports previous research, atbin Professional Rugby League, whereby
SOD\HUVY HQHUJ\ LQWDNH ZDV QRW DGMXVWHG IRU V
derived from carbohydrate remainetisble throughout the week (TooleyBitcon,

Briggs, West& Russell 2015) Recommendations @feriodied nutritional intake may

be advised to account foratning intensity and volume (Burk€010) Energy intake

should reflecthe type of training day, either increasing or decreasing total consumption
accordingly, to ensure a slight positive ayebalancas achieved to not only optings
performance(Petrie et al., 2004put to sustain optimal growth and development

(Giovannini et al., 2000Spear, 2002)

In the limited amount of studies assessing the habitual energy intake of Academy soccer
players, prematch consumption is seldom specifically documen@uly studies by
Ruiz et al. (2005)and Leblanc et al. (200)rovided a breakdown of nutritional
practices prior to mateplay in youth elite Spanish Academand French international
level soce@r playersrespectively Dietary analysis demonstrated significantly higher
values than observed in the current studgg+ 0.13 MJ), reportingprematchenergy
intake of 232 MJ (U14),2.29 MJ (U1, and2.91 MJ (U16) (Ruiz et al., 200%)and

2.49, 356 and 305 MJ for Ul14, Ul5 and UL6 respectively (Leblanc et al., 2002).
Whilst Leblanc et al. (2002) did not provide a macronutrient breakdown of intake
composition, Ruiz et al. (2005) observed relatively wide ranging values&f 0319

g and 1930 g d carbohydrate, protein and fat respectively, which predominantly
exceed values reported in the current studythe UK Academy soccer nwhes
generally kickoff earlyin the day(11:00 h)thuslimited time separates waking and the
onset of exercise. WIst there may be a multitude of reasons to explain theoptimal

energy intake, the timings associated Witk Academy matctplay may likely explain
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the failure of this population taeplicate previously reportegre-match energy
consumption (Leblanc atl. 2002; Ruiz et al2005), whereby mateplay adhers to

more traditional kickoff timings (~15:00 h).

Although not sportspecific, recommendations suggest that optimised exercise
performance is facilitated by a meal containing @-kg* (~70-280 g;~1.2-4.7 MJ for

70 kg athlete) of carbohydrate consumed >60 min before commencing adiMiby (

DC & ACSM, 2016). However, for youth soccer players whereby the time between
waking and the onset of exercise is limited (i.e. morning-kitkat 11:00 h), sch
values are seldom achieved (Naughton et al., 200®)eover, implications of
consuming increased energy intake prior to malely may raise issues of
gastrointestinaldiscomfort and gut fullnessquestioning the feasibility of such
recommendations ipractice.Thus, a small meal (-88-2.09 MJ) primarily consisting

of carbohydrate has also been advised prior to exercise (ASCM, 20dAgidering
results in the current study demonstrate meaithal prematchintakes of 116 +0.13

MJ consisting of 41y carbohydrates, 10 g proteins and 8 g fats, based on the current
recommendations, pmaatch energy intake is likely swdptimal. Therefore, @irther
investigations are required to determine if increasing hahigaiatchenergy intake

has an effect on blo physiological and soccepecific performanceduring matchplay

and also if this can be tolerated to aid in the reduction of the significant energy deficit

associated with matettays

Burkeet al.(2006)proposes & g-kg*-day' for moderate training, increasing ted0
g-kgt-day® IRU LQWHQVLYH WUDLQLQJ 7KH FXUUHQW VWX

finding of 55% * 3%, equating to 5.6 + 0.4 gkgay™, comprised mainly of starchy
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foods such as breads, cereald gasta, demonstrate carbohydrate contribution to total
daily energy intake to likely be stdptimal, especially during heavy training sessions
and match days (Tabke2). This finding supports previous published research within
this population with carbofirate intake ranging from 45% to 56@Boisseau et al.,
2002; Caccialanza et al., 2007; Iglesiastierrez et al., 2005; Leblanc et al., 2002; Ruiz
et al., 2005, Russell & Pennock, 201Miets high in carbohydrate enable an increased
muscle glycogen cono&ration, subsequently delaying the onset of fatigue and
sustaining performance levdglalghannam et al., 201@urke et al., 2011)although, it

is acknowledged that training with low carbohydrate availability may augment adaptive
responses to exerciseaitning (Hansen et al., 2005Yeo et al.,, 2008 However,
restricting carbohydrate consumption for Academy soccer players may not be
appropriate considering the significant energy deficit identified. Furthermocegrs
specific studies have identified optal carbohydrate intake to improve total match
distanceg(Souglis et al., 2013nd ability to perform at higimtensity(Kingsley, Penas

Ruiz, Terry& Russel] 2014)

Proteins are essential in recovery andgutppot gains in lean mass (Tipton ¥olfe,

2004) and maintenance followg muscledamaging exercise (TiptorElliott, Cree,
Aarsland, Sanford, & Wol{€2007) In the limited amount of nitrogen balance studies in
Academysoccer players, a recommendation of 4.7 g-kg'*-day* (Boisseau et al.,

2002) has been suggested which aligns with adult counterpart<l (1.8-kg'*-day™)

(Lemon, 1994 Tipton & Wolfe, 2004 7KH FXUUHQW VWXG\{V ILQGL
g-kg'*-day* proposes protein intake is withihe recommendedange to optimie

recovery and development, which was consumed mostly from poultry and dairy foods.

This finding is not surprising with previous research reporting young athletes
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demonstrate adequate protein intakes, despite Ieimggative energy balaa(Bass &

Inge, 2006) Optimal protein intake provides essential amino acids to support growth
and deelopment of lean body mass (Petrie et al., 200dApwever, whilst
acknowledging adequate protein intakeaynbe achieved with sedptimal energy
intake, cation is required, as protein may be used as a substrate for energytinmpac

on the ability to syntheseslean tissue.

Younger athletes have a greater reliance on fat as a fuel source during €Bee3e

2001) however there is currently no dateeemmending adolescent athletes consume a
higher fat intake than adults. Given the Hhigtensity nature of soccer, fat
recommendations are based upon facilitating carbohydrate intake, as opposed to
contribution for energy metabolis(Clark, 1994) Soccerspecific research ggests a

fat intake of <30% (Clark, 1994)Studies assessinigt intake in Academy soccer
players have reported intakes of 2%88% (Boisseau et al., 2002; Caccialanza et al.,
2007; IglesiagGutierrez et al., 2005; Leblanc et al., 2002jRet al., 2005, Russell &
Pennock, 201 ZKLFK DUH ERUGHUOLQH RU DERYH UHFRPPH
mean fat intake (29% + 2%) may explain the limited consumption of optimal levels of
carbohydrate, due to fat intake approaching the top limeéammended consumption.
Furthermorethe quality of fats is important to consider with recommendations of <10%

of total energy intake deriveflom saturated fatty acids (Gardroves et al., 2014)
However, the current study found saturated fat valuez6ét + 3%. Considering the
significant energy deficit within the current sampleplayers as well as recogmsi

recent research reporting ugdtion of fat as a fuel source to spare glycogen depletion
(Hansen et al., 2005eo et al., 2008 albeit equiwcal, a reduction in fat intake may

not be advisable. Moreovie reduction in saturated fatty acids may provide opportunity
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for consumption of unsaturated fats or higher intakes of carbohydrate, especially on

match day to sustain performance levels.

It is acknowledged that all methods of measuring dietary intake have inherent
limitations and may be affected by esoof precision and validity (Black, 2001)
However, the current study is the first to adopt the combined method ofreaif
weighed fooddiary, supplemented with daily 24 recall, which has previously ée
deemed accuratéen Academy soaxer players (chapter)3and other adolescent
populations engaged in regularercise (Rumbold et al., 2041 The current study
utilised the combined methoand applied the correction equation to adjust energy
intake data to accommodate farslight undereporting biasWhilst making banket
DGMXVWPHQWYV WR S&ay hievd MijtaioQdH Ebd &xarpiiedaNrkection
equation is bsed on mean grpudatathatis subsequentlpeing applied to individual
data which may or may not be undegpored, consequently increasiegergy intake
values. However, in this instance the combined dietary data collection tool had
previously been investigated withishexact cohort of soccer players (Chapter 3)
Furthermore, the findings of chapter 3 identified that this cohort of playel&elseto
underreport energy intakas 95% confidence intervaisere -0.61 to-0.12 MJ-d?,
demonstrating a consistent undeportng range Therefore despite the differences in
overall daily energy intake values reported between cha@eand 4,energy intake
values are considerekliable since the accuracy of the combinedhta collection
method has previoushbeen quantified in both chapter 3 andlso during re-
familiarisation pilot work conducted prior tochapter 4 in a habitual raining
environment, displaying similar undegporting ELD VY037 v 0.40 Mdd?).

Furthermore, a series eflucational workshops were conductath the playerdeading
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up to the data collection periogroviding a detailed explanation and demonstration of
WKH IRRG ZHLJKLQJ DQG UHFRUGLQJ SURFHVYV LQF
confidence with the collection method. The workshops were designdight of
previously published studies (Livingstoaeal, 2004), whichhighlight increased detalil

and compliance when structured training is provided. Ty account for thdigh

quality andlevel of detail provided within théood diaries as wellsathe highlevel of

compliance and engagementlimoughout the study.

The current study also represents high ecological validity through the use of a free
living experimental design. Previowssudies which have assessed energy intake and
expendiure withn formalised trainingcentres(Leblanc et al., 2002; RieBanz, 1998)

may increase internal validity exerting greater control, but exclude influences of
habitual family and school environment. Furthermore, whilst it is accepted that the data
collection peiod may only preide a limited insight in to a ninmonthlong competitive
season, a-day energy intake collection period used within the current study is seen as
optimal to increase reliability and validity whilst minigimig the burden of longitudinal
collection periodgBingham, 1982 In addition, the incorporation of the EPHRemier
League, 2015%tipulating compulsory trainghvolumes of 20 h per week forcademy
soccer players ensure that there is little differentiation in training voluiten the

competitive periodigtion phase.

Measures of energy expenditure are diverse in the literdBomsseau et al., 2002;
Caccialanza et al., 2007; Iglesi@sitierrez et al., 2005; Leblanc et al., 2002; Ruiz et al.,
2005, Russell & Pennock, 201 with sone studies failing to produce a quantification

of energy cost whilst attempting to provide conclusioh®mimal dietary practices
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(Ruiz et al., 2005) The inconsistent approaches provide difficulties in accurately
comparing the energyemands placed updgkcademy soccer players. Techniques such
asDLW and indirect carimetry, although accurate (Plasqui et al., 20483 complex,
expensive and naipplicable to identify fluctuations in training intensity and volume
The current studytilised accelerometsy which have been demonstrated to elicit valid
and reliable measures of physical actiatyd sedentary time in youth (De Vries et al.,
2006) providing an objective quantification of energy expenditure withirealiving
environment. Wiilst it is accefed that energy expenditure measured by accelerometry
produces high correlation with indirect calorimeficMinn et al., 2013 Jarrett et al.,
2019, there is no absolute agreement, therefore limitations do need to be acknowledged
when adopting such mettie. However, a quantification of the difference in absolute
agreemenbetwea energy expenditure estimated twe GT3X+ accelerometerging
Freedson et al., (2005) conversion equation; also used writhive current study) and
indirect calorimetry hae previously been investigatedResultshighlighted a non
significant underestimation 60.05 kcal-mint, p > 0.05(SantosLozano et al., 2013)
Thus suggesting minimal absolute changemergy expenditure values, when used in

free-living environments with adolescent populations.
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4.5 Conclusion

In conclusion, over &-day period male adolescent@demy soccer players were in a
negative energy balance. This may hdwegerterm implications impacting on the
ability to sustain the demands of training acmimpetition as well as maintaining
optimal growth and development. In particular, heavy training and match days are of
concern, with players not adjusting energy intake to combat the increased energy cost.
Findings support previous research from outsidéhefUK, although demonstrating a
lower, yet significant, mean daily energy defickurthermore, prenatch dietary
practices are likely subptimal, which may present acute implications for soccer match
play. Future investigations in to strategies to oedenergy deficits and fuel soceer

match play are warranted.
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Chapter 5: The effects of an increased calorie breakfast consumed prior to

simulated match-play in Academy soccer players

This workis currently undereviewin a peetreviewed journal:

Briggs, M. A, Harper, L. D., McNamee, G.Cockbun, E., Rumbold, P. L. .S
Stevenson, EJ., & Russell, M(2017).The physiological and performane#fects of an
increased calorie breakfast consumed prior to simulated fpighn Academy soccer

players European Journal of Sport Scienda Press.

Abstract

Introduction/Purpose’ LHWDU\ DQDO\VLV RI $FDGHP\ VRFFHU SO
energy and carbohydrate intakes are less than optimal; especially, ondangctAs

UK Academy matches predomirntgnkick-off at ~11:00 h, breakfast is likely the last
pre-exercise meal and thus may provide an intervention opportunity on -aeych
Accordingly, the physiological and performance effects of an increased calorie
breakfast consumed ~13Bin before soccespecific exercise were investigated.
Methods: English Premier League Academy soccer playerg) repeated a 9in
soccermatchsimulation on two occasions after consumption of habitugdy(B-1100

kJ) or increased (B; ~2100 kJ) energy breakfasts refardised for macronutrient
contributions (~60% carbohydrates, ~15% proteins and ~25% fats). Countermovement
jump height, sprint velocities (% and 36m), 30m repeated sprint maintenance, gut
fullness, abdominal discomfort and soccer dribbling perfooesnwere measured.
Blood samples were taken at rest, -prercise, haltime and every 1Bnin during
exercise.

Results:Although dribbling precisionpg( = 0.522; 29.9+ 5.5 cm) and succes®p €

0.505; 94+ 8%) were unchanged throughout all tip@ints, mea dribbling speed was
faster (4.3t 5.7%) in Buc relative to Ban (p = 0.023; 2.84 vs 2.75 m*%3. Greater
feelings of gut fullness (6% 17%,p = 0.001) were observed inBwithout changes in
abdominal discomfortp(= 0.595). All other physical perforamce measures and blood

lactate and glucose concentrations were comparable between tripls (a05).
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Conclusions:Findings demonstrate that Academy soccer players were able to increase
prematch energy intake without experiencing abdominal discomtbus, likely
contributing to the amelioration of energy deficits on matals. Furthermore, whilst

Binc producedliimited benefits to physical performance, increased dribbling speed was

identified, which may be of benefit to matphay.
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5.1 Introduction

The demands of Academy soccer include a requiretoecver distances of ~F km
(Goto et al., 201p perform explowe bouts of skilbased work (Stolen et al., 200&nd
run at high intensities for up to 375 + 120per half (Russell et al., 20L5However,
given the importance of optingd nutritional intake on the day of comitien for team
sports players (Williams &erratosa, 2006it is surprising that the dietary practices of
Academy soccer playe(specificallyhigher ageYouth Develpmentphase~U15U16
and lower ageProfesional Developmenphase~U18) seldom meet recommended
values (Russell & Pennock, 2011 With regards to total energy intake, consistent
observations highlight less than optimal practices when food is consagnidzdtumin
free-living conditions (chapter;4Russell &Pennock, 2011 Notably, energy deficits of
2.28 + 231 MJ-d ¥ hawe been reported amatch days (chaptei,dwith a mean habitual

breakfast intake of.17+ 0.13MJ (Chapter 4.

Whilst a periodised approach to nutrition is advisedompensate for multiple matches
played within close proximity and flugating day training volumes (Anderson et al.
2016, a pre-exercise meal containing ~3427 MJ of primarily carbohydrates {4 g-kg
1-70-280 g for a 70 kg athlete) is recommended to be consumed >60 min before activity
commences AND, DC & ACSM, 201§. However, n the case of th&JK-based
Academy soccer playecpmpetitive matches generally kickf earlier in the day when
compared to their senior counterparts (e.g., 11:00 h vs. 15:0thag, limited time
separates waking and the onset of exercise. Whilst thayebe a multitude of reasons

to explain the suoptimal energy intake, the timings associated with Academy match
play may likely explain the failure of this population to adhere to-epe¥cise

nutritional recommendationslotably, habitual breakfast irka fails to meet adult pre
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exercise recommendations (i.e.14+ 0.13 MJ (chapter 4 40-65 g of carbohydrate

(Naughton et al. 2036

As liver and muscle glycogedepletion is attributed as one of the main haggsms of
fatigue in soccer (Krustrup et.al200§, modified breakfast intake may provide an
intervention opportunityon matchday. In the context of morning events, a smak-pr
exercise meal 1.7-2.1 MJ) primarily consisting of carbohydrate has also been
recommended -3 h before exercise commesx (ACSM, 2015. The rationale for
modified breakfast intake is further substantiated byadinking the omission of
breakfast to impaired exercise performance thereafféayfon Barutcu, Machin,
Stensel & James 2015 and studies examining the modubati of pe-exercise
nutritional status (Anderson et al., 2Q1&nd overnight fasting (Burke, 200Dn

endogenous energy storage.

In adult populations, investigations into the effects of a high carbohydrate diet on
subsequent soccer performance have begfonmed.Souglis et al. (200)3observed
improved match performance (i.e., total match distances, including increased distance
covered in all running intensities performed) when players commenced competition
DIWHU FRQV XBN g darbahidxade for the 3.5 days prior to the gawikile it

is evident that the days preceding competition provide an opportunity to positively
impact upon performance, matday itself also allows practitioners to optimise-pre
competition pratices (Russell et al., 201L5However, limited data existsvastigating
strategies to optimise pexercise energy ink& in adolescent athletes (Phillipsatt,

2010; Phillips et al., 2032with no studies recruiting @&ademy soccer players.
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Considering the observations of soptimal nutritional practices in dademy players
(chapter 4 Russell & Pennock, 2011 an investigation is therefore warranted to
detamine the efficacy of increasing habitual energy intake in the form of a breakfast
intervention in Academy soccer playeisccordingly, the aim of the studwas to
examine the effects of a prescribed (recanded meal composition; ACSM, 2015
versus habitual breakfast @mysiological responses and soccer performance measures
of Academy players during a 90 min soccer match simulaarthermorea subaim

of the chaptemwas to assess if players could tolerate the increasethatih energy
intake consumption without expencing abdominal discomfortt was hypothesised
that the increasedcalorie breakfast would influencehysiological and soccer

performanceesponses, without having a detrimental effect on abdominal discomfort.
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5.2 Method

5.2.1Participants

Seven maleaccer players (age: 16 + Oy6stature: 1.75 + 0.04 m; BM: 69.4 + 5.2 kg;
BMI: 22.6 + 1.5 kg-n¥; estimated¥zmax “ P OMIMNYplaying fa an English
Premier League Acadenparticipated in the studyStatistical power was calculated
using commercially available software (GPower v3.1,Germany) and a sample size of
seven was deemed sufficient for >8@wer to detect statistical differences in blood
glucose, dribbling precision and gut fullne§she maturity offset was 3.& 0.8y
beyond PHVindicating that all of the participants had reached their predietéd
(positive maturity offset) and thus weoé a similar maturation status (Mirwald et al.,
2002).All players were actively engaged in full Academy training and competition for
~20 h per weekThe study was approved by the Faculty of Health and Life Sciences
Research Ethics Committee at NorthumMigversity. Information was provided prior

to gaining written informed consent from the players and their parents or guardians

before commencing data collection (see Appendix Bek@mple ofthics documents).

5.2.2Protocol

The study used randomisedgounterkalanced and cross over desigmminimise any

order effects. All players completedan initial full protocol familiarigtion (to further
reduce effects of trial ordegnd estimation ofdmax (YO-Yo Intermittent Recovery
Test; Bangsbo,laia & Krustrup, 2008, to ensure speeds of SMS were relative to
aerobic capacity. Familiarisation also included all physical measures such as
countermovement jump height (CMJ) and 30 m repeated sprimtenance (RSM)
Players were required to attend tiv@ls. Trials wereseparated by 9 + 4 days to ensure

trial day was preceded by a training day of comparable interisagh trial was
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performed within 24 h of a 45 min tactiegppecific training sssionheld on the previous
day. Players were asked to replicate fieeng dietary intake, whilst also refraining
from consumption of caffeine and supplementations in the 24 h preceding ehch tria
Players were required to consume the same energy intake tpriboth trials; a
statement supported by comparafalk p > 0.05) pretrial energy intakes (& 8.5 + 0.7,

Bhab 8.9 £ 0.3 MJ-dt) and macronutrient contributions (carbohydrates, proteins, fats:
3.03 £ 0.14, 1.83 £ 0.17, 1.13 + 0.27 and 3.53 + 0.31,1®@81, 0.96 + 0.3¢-kg?,

Binc and Bhan respectively) for the 24 h prior to testirjjayers were required to attend
the training ground at 08:00 h (i.e., ~180 min before commencing exercise) following
an overnight fast. Body mass and stature (Seca G&lEb., Germany) were then
measured prior to a resting fingertip capillary blood sample andlavidurine sample

being obtained.

At ~08:45 h, players consumed an increased calorie breakfast ZB8 MJ, 77 ¢
carbohydrate, 14 g protein and 12 g faB@itthdhered to recommendatioggecific to
morning exercise (ACSM, 20)l5or a habitual breakfast ¢& 1.12 MJ, 39 g
carbohydrate, 10 g protein and 8 g f&tndings derived from chapteridvestigating
free-living dietary habits of Academy soccer playsupported the habitual pezercise
energy intakes used in this studBdan) and replicated previously published data with
respect topre-exercisecarbohydrate intake (Naughton et al., 20Jeurthermore all
trial day timings with regardw arrival atAcademy,breakfastconsumptionwarmup,

in addition totype and timing o#ll fluid intake were all aligned with habitual practices
of matchday proceduresn orderto increase the ecological validity of the design.
Whilst the total energy intake incredsapproximately twdold between trials, this was

primarily achieved via manipulation of absolute carbohydrate contentelatve
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macronutrient contributions to the total energy yield remained similar for carbohydrates
(i.e., 61% vs. 59%), proteins (14%.V15%), and fats (25% vs. 26%) fordBand Bab
respectively.Furthermore, the macronutrient composition for habitual breakfast intake
was reflective of that observed during a fleéng environment in chapter 4After
having been praveighed by thered DUFK WHDP EUHDNIDVWYVY FRQVLV
Rice Krispies and serskimmed milk) and/or buttered toast (Asda, medium sliced
white bread and Flora Puctive butter) and were provided with 500 mL of a fluid
electrolyte beverage (Mineral Water, Hignd Spring, UK)In terms ofexactbreakfast
intake, these were either 2 x toast and buttes)(Br 3 x toast and butter plus cereal
and milk (Bnc). In order to meet theiB recommended intake with just toast would have
required 5 x toast which wasemed to be not appropriatéowever, both food types
were aligned with habitual pmaatch energy intake derived from analysis of food
diaries in chapter 4After consuming the entire amount of food, players remained in a
rested state for ~90 min; upon whi a preexercise blood sample was takeh.
standardied warmup (consisting of soccapecific dynamic movements, stretches and
skills; ~10 min) was performed, during which players were required to consume an
additional 200 ml of fluieelectrolytes. Meases of physical performance including
CMJ and 30m RSM were tested prioto a modified version othe Soccer Match

Simulation (31S) commencing (Russell, Rees, Benton & KingsiH113.

The SMS is comprised of two 45 min bouts of so@gacific exercisewith 15 min of
passive recovery replicating haifne (HT). During HT players consumed 500 mL of
fluid-electrolytes. Assessments ofcser dribbling (Russell, Benton & Kingsle¥010
and 15m sprinting were performed alternatively during each cycléhefprotocol. Tie

SMS protocoldesignedby Russell et al. (201}as similar to the protocol devised by
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Nicholas Nuttall and Williams(2000), but has been subsequently adapted to include
additional components that further replicate the demands of socter piay, such as
dribbling. Movements werdalictated by audio signals from CDs that specifically relate
to all participants. More specifitg, exercise wasmade up of 4.5min blocks that
consist of tinee repeated cycles of three @0walks, one walk to t side (~1 m), an
alternating 15 m sprint omal8 m dribble test, a ¢ passivaecovery period, five 2fn

jogs at a speed corresponding to 4@Zmax One 20m backwards jog at 40%802max

and two 20m strides at 85%@2max A 2 min recovery periodollowed all blocks of
exercise. Fourteehlocks of intermittent exercise (consisting of 2 halves of 7 blocks)
and skill testingverecompleted durig each rain trial and participantsoveed a totd
distance of approximately 10Km while performing~33 maximal sprints and ~21
dribbles during the protocolThe repeatability of the SMS, and respes to this
exercise protocol for all components of 8BS have been previously been determined,
including physiological (CV: 2.6%), metabolic (CV: 16.1%) and performance responses
(CV: 2.1%) (Harper et al., 2016; Russell et al., 201A)meline schematic of triaday

procedures is outlined indure5.1.
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Figure 5.1 Schematic of trial day procedures.
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Participant CMJ height and 36 RSM were tested at four time points @eseercise;
postfirst half; presecond half; posW HFRQG KDOI HDFK UHTXLULQJ W
with 10 s of passive recovery and threen3&prints with 25 s of active recovery (light
jogging). In both performance testee mean valuef the three attemptwas used for
analysis.CMJ height was determined using an optical measuring system (OptoJump
Next, Microgate Corp, Italy). Players began each repetition from a standing position and
performed a preparatory crouching action (at a consistentletelfmined level) before
explosively jumping out of the dip for maximal height. Hands were isolated atfke hi
for the entire movement to eliminate any influence of arm swing. For RSM testing,
players commenced each repetition from aditapstart at a distance of 0n3 behind

the first timing gate (Brower Timing, Utah) and verbal encouragement was provided

throughout each attempt.

Integrated 15m sprints and 18n dribbles (assessed for precision, percentage success
and average speed) were recorded throughout the SMS. Players were required to dribble
the ball as fast and as accurately as possible between sjuaeesd ey 3 m as per
Russell et al. (201)aThe layout of the 18 m dribbling test included in the intermittent
exercise blocks of the SMS is similar to that employed by McGregor &togl9)Ywith

start and finish lines placed 20 m apart (Figh&. Cones 2 through 7 weptaced 3 m

away from the preceding cone, and cones 1 and 7 are 1 m away from each end of the
courseAll dribbles were video recorded (50 Hz; 103 DEIRI6E; Sony Ltd, UK) and
digitization processes (Kinovea version 0.8.15; Kinovea Org., France) derivedl spee
(time taken to successfully complete the distance) and precision (distance of the ball

from each cone) data.
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Figure 5.2 Layout of the dribbling test
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JLQJHUWLS FDSLOODU\ EORRG VDPS Gekiadise, HT and e HUH
the end of each 15 min period of the tpaml. Blood samples were anabgsfor

variables associated with exercise intensity and fatigue (i.e., blood glucose and lactate
concentrations viZGEM Premier 3000; Instrumentation Laboratot; COV -

2.2%) (BeneteaBurnat Bocque, Lorin, Martin, & Vaubourdolle2004). Urine and

plasma osmolality (Advanced Model 121 3300 Mif@emometer; Advanced
Instruments Inc., USA; CV: 1.5%) and urine corrected mass changes were determined
and the ratingof perceived exertion (RBBBorg, 1973 (Appendix E)was recorded

every 15 min. Environmental conditions were measured during exercise (Technoline
WS-9032; Technotrad&mbH, Germany). Heart rateas continuously recorded (Polar

S610; Polar, Finland), withug fullness (papebased 100mm Visual Analogue Scale

(VAS) (Appendix F) UDQJLQJ IURP UQRW IXOO DW DOOYT WR Y
after breakfast, 30 min post, 60 min post and 90 min post/immediately prior to exercise.
Abdominal discomfort (bask on a seHperceived subjective rating-0 HQR
GLVFRPIRUWYT WR pZR UVWPBRIN GWaddteringdaR P R\

each 15 min block of the protocol. Post exercise body mass was also recorded in

addition to a mieflow urine sample.

5.2.3 Statistical Analysis

For parametric data expressed over multiple qpomts, tweway repeated measures
analysis of variance (withiparticipant factors: treatment x time) were perforrf@mtce
confirmed by normality and variance assessmentisich included dribbling (precision,
speed and success), sprint velocities (15 anth3@MJ height, 36n RSM, RPE, heart

rate (HR), gut fullness, abdominal discomfort and blood glucose and lactate

FRQFHQWUDWLRQV ODXFKO\TV W H\W&asst BafreEtiRrQWaX O W H C
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applied if the assumption of sphericity was violated. Significant main effects were
further investigated using multiple pairwise comparisons with LSD confidence interval
adjustment (95% Confidence Intervals; Cl). Partial- €td X D UH Galues were
FDOFXODWHG dDefPet s8zR lexaQified betweénal differences. A paired
sampleg-test was used to anabydifferences in mean body mass pre and-prstcise.

)R and effect size data, thresholds of 0.2, 0.5, and 0.8 were catsidarall,
medium and arge, respectively (Fritz, Morris & Richle2012. All data are presented

as meanr SD, with level of sigificance set at g’ 0.05 using SPSS (Version 22; SPSS

Inc., USA) for all analyses.
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5.3 Results

Preexercise hydration was silar amongst players between each t(Bda, 310 £ 5;

Binc 315 + 6 mOsmol-kg, p = 0.936). Ambient temperature (18.5 + 1.5°C), humidity

(74 £ 7%) and barometric pressure (1017 £+ 3 mmHg) were also consistent between

trials (p > 0.05).

Compared to By, gut fullness was greateF@ 7 = 7.262, p = @27, 2 = 0.548)
immediately (60 £ 15 vs. 19 + 15 ,90.002,d = 2.8 CI: 2260), 30 min (58 + 13 vs.
18 + 13, p=0.001,d = 3, CI: 2358), 60 min (46 = 11 vs. 15 £ 130.003,d=2.5 Cl:
15-47) and 90 min after ingestion and immediately-@xercise (4& 11 vs. 13 + 10, p
= 0.001,d = 2.6 CI: 1538) during B,c. Abdominal discomfort was similar between

trials (Fs,30= 0.746, p=0.595 2=0.111).

Mean dribbling precisionH2,10)= 0.856, p= 2 = 0.125) and succesEd,10) =
0.666, p= 0. 2 = 0.100) was comparable between trials whereas mean dribbling
speed was faster4.3 + 5.7%) in Bc (Fs30 = 3.02, p= 2 = 0.339)(Figure

5.3). Post hoc comparisons were unable to isolate these specific differences but
dribbling speed was 13.3 = 10.1% and 7.1 + 10.2% greater af%inin and 70 min

respectively during R.
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Figure 5.3 Dribbling speed throughout each trial (mean + SD).
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Breakfast did not influence 1 (F@2,12)= 0.668, p= 2= 0.100) or 30m sprint
velocities F@,18y= 0.136, p= 2=0.022). Similarly, 30n RSM .18)= 0.072,
p= 2=0.012) and CMJR3,18 = 0.946, p= 2 =0.136) performance was
similar between trials. However, an exercise effect was observed in all thed#esaria
(all p < 0.05; medium effectize). Sprint velocities over 1B were significantly
reduced in the periods 36 min (5.72 + 0.43 m+%, 4660 (5.64 + 0.47 m-Y and 76

90 min (5.59 + 0.63 M+ (all p< 0.05), when compared teX® min (5.94 + 0.53n-s

1. Sprint velocity over 30 m and 3 RSM both demonstrated decrements in
performanceat post £ half, pre 29 half and post ? half whencompared to pre
exercise (all p< 0.01; see Tabl.1). Likewise, CMJ height was reducqu< 0.05) pre

2" hdf (32.5 + 3.5 cm) when compared to faeercise (35.3 + 2.9 cm; TalBel).
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Table 5.1 Performance variables as a function of timing and trial

Timing
Variable Trial  Pre-exercise Post Pre-2nd Post2nd
exercise Half Half
) Binc 6.95+0.25 6.80+x0.23 6.61+0.33 6.70+0.31
30 m Sprint
Velocities (ms')  B,,, 7.09+0.16 6.88+ 020 6.61+0.23 6.76+0.30
Binc 99 +1 96+ 4 903 +7 04+ 4
30 m RSM (%)
Bhab 98+ 2 97 + 3 94+7 95+3
Binc 35.0+2.9 343+ 2.7 328+31 33.7x27
CMJ Height
(cm) Brao  35.7+28 34552 320+41 347143

RSM = Repeated Sprint Maintenance, CMJ = Countermovement JBmp,=

Intervention Trial Bran = Habitual intake trial. Data presented as mean + SD.
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Heart rate was similar between trialss(z0) = 2.353,p = 2 =0.282), with no
trial effect identified a9 = 1.294,p = 2 = 0.177). Likewise, RPE was not
influenced by trial E(s,30)= 0.691, p= 2=0.103), despite increases at@Bmin

(13 + 3), 6175 min (14 + 3) and 780 min (15 £3), when compared @15 min (11 +

3) values (all p< 0.01). Mean differences in body mass pre and-ewsicise were not
influenced by trial {s) = -0.337, p= 0.747). Mean body mass changes (pre: 69.6 kg,
post: 68.9 kg) equated to a mean differenc@.85 kg in Ban, similar toBinc (pre: 70.5

kg, post: 69.8 kg, mean difference: 0.70 kg).

Blood lactate E,11)= 0.728, P=0.495,2 = 0.108) and blood glucos€&19) = 2.983,

3 2 = 0.332) concentrations were not statistically different between trials.
Exercise effects were observed in both of these variablesf= 9.618, p= 2=
0.616; F,19) = 10.563, p= 0 2 = 0.638, respectively). Blood lactate was
significantly higher during 45 min (p = 0.009), 345 min (p= 0.006), HT (p=
0.0001), 4660 min (p= 0.018), 6375 min (p= 0.008), 7690 min { = 0.045) in
comparison to prexercise concentration§gble5.2). Blood glucose wasignificantly
reduced (all p< 0.05) at 45 min (-6.9 £ 7.3%), HT ¢10.9 + 6.4%)60 min(-11.6 +
7.9%), 75 min (-12.6 £ 7.5%), an®0 min (-11.2 £ 9.6%) in comparison tt6 min

(Table5.2).
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Table 5.2 Blood metabolite datasaa function of timing and trial

Variable  Trial Timing (min unless stated)
Rest Pre-exercise 15 30 45 HT 60 75 90
Lactate  Binc 07+01 14+05 51+34 37+38 49+36 31+11 39+36 41+29 34+29
-1
(mmol15) g 09+03 12+04 34+11 28+07 33+05 26+06 33+12 29+05 22+0.3
Glucose  Binc 50+07 57+07 51+05 47+06 48+05 45+06 43+04 42+02 45+05
-1
(mmol15) g 49+03 50+05 51+03 48+03 47+02 46+03 47+03 47+07 45+0.6

Binc = Intervention Trial Brap = Habitual intake trial. HT = HalTime. Data presented as mean + SD.
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5.4 Discussion

The primary aim of the study was to examine the effects of increasingxereise
energy intake (via manipulation of absolute carbohydrate contamtphysiological
responseand soccer performance measwkAcademy players during a 90 min soccer
match simulation. Furthermore, a sain of the chapter was to assess if players could
tolerate the increased pmeatch energy intake consumption without ewencing
abdominal discomfortio aid in the reduction in the previously identified energy deficit
Although dribbling precision and success were unchangedbling speed was
improved inBinc relative to Bap in line with the hypothesisunsurprisingly, greater
feelings of gut fullness were observed imcBout not at the expense ohanges in
abdominal discomfortBinc provided an additional ~1 MJ compared Baa, Which
equated to ~50%fdhe match day energy deficit (chapter Ajthough limited physical
benefits andho physiological benefits were observed, modified breakfast intake may
offer an intervention opportunity on match day that likely contributes to attenuating the

daily energydeficits previously identified in this populatio@ljapter 4.

When compared to #, mean dribbling speed was 4.3 + 5.7% faster than B
Although post hoc comparisons were unable to detect differences between particular
time-points, dribbling speedsere 13.3 + 10% and 7.1 £ 10% greater a75Inin and

76-90 min respectively duringiR. Interestingly, more successful Academy players are
associated with conducting movement patterns at higher speeds (Harley et al., 2010;
Goto et al., 2015), theref® an increased dribbling speechay have positive
implications for matctplay, especially during phases of the game related to higher
fatigue (Krustrup et al., 2006; Mohr et al., 2003dpntch-day carbohydrate ingestion

has previously been demonstrated torove soccerskills in adolescents (Russell et al.,
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2012, albeit not isolated to brkfast intake. Russell et al. (201demonstrated that
carbohydrate provision attenuated declining shooting performance and shot speed,
however no influence was identified dribbling precision, success or speed. The
FXUUHQW VWXG\YV ILQGLQJY DUH LQ DJUHHPHQW ZLW

mean dribbling precision or mean dribbling success.

Enhancing carbohydrate availability has been demonstrated to impntralmervous
system function and attenuate the loss of motor skill performance, as Bandelow et al.
(2011) reported that higher blood glucose concentrations were associated with faster
visual discrimination, faster finmotor speed and faster psyemotor speed after
soccer matciplay. However, the influence of carbohydrate on soccer skill performance
during simulated or actual matgiay has produced equivocal findings, as Zeederberg

et al. (1996) reported no measurable benefits on motor skill perforrdanog soccer
matchplay after ingesting a 6.9% glucag®lymer beverage. Whilst limited studies
have investigated whole food breakfast interventions on sepesific performance, it

is plausible that increasing exogenous carbohydrateexmecise, migt enhance skill
performance by preserving central nerv@ystem integrity (Ross & Leverit2001),
considering glucose is the principle energy source for cerebral metabolism, with the
brain being dependent upon a continuous supply of blood glucosei(l@teall,2001).
However, it is important to note that there were no significant differences in blood
glucose concentration between trials. Furthermore, blood glucose concentration did not
fall below 3.5 mmol-L}, during matckplay, which has been used asthreshold to
define hypoglycaemia (DeMarco, et al. 1999). Thus, may not fully explain the increased

dribbling speed duringiR.
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The Bnc breakfast 2.08 MJ, 77 g carbohydrate, 14 g protein and 12 g fat) contained a
carbohydrate intake equivalent to 1 JA'MM which is higher than prescribed in
VWXGLHV ZLWK VLPLOD UBSRE®NIDS &4 RZDIO; Phillips) & &l
2012. Despite methodological variation regarding the timing of-rpegéch energy
intake, current findings support eéhnotion of limited effects of prexercise
carbohydrate consumption on maximal sprint performaRbélips et al., 2010Phillips

et al., 202). The SMS required ~33 maximal sprints interspersed with both high and
low-intensity running to mimic movemephatterns associated with soccer matty.
However, whilst sprint performance appears maintained when multipte §frints are
separted by 30 s passive recovery (Balso8eger, Sjodin, & Ekblo992, such

activity patterns are not congruent with the Skfrotocol and indeed matgiay itself.

The lack of improvement in CMJ height during,;Bis not uncommon as previous
research involving adolescent athletes has highlighted a reduction in peak power output
when participants do not engage in passivevery between multiple bouts (Thevenet
TardieuBerger, Berthoin, & Prioux2007. Despite the higher calorie intake and
increased carbohydrate content duringe,Bblood glucose concentrations neenot
significantly enhanced (p 0.055); although a trenewards significance and a small
HIlHFW 0.332) was found (Tabl.2). In addition,blood lactate concentrations,
heart rateand RPE were ab similar between trials (all30.05) (Talke 5.2). Therefore,

the standardaion of the physiological demasdbetween trials and the limited
influence of B.c to raise blood glucose concentrations, regardless of the increased
carbohydrate content compared withad3 may explain similar betweemal findings

for specific physical variables.
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Academysoccer plagrs have been found to display poor nutritional practices with
reports of mean daily energy deficits aB1 166 M - AlGchapter 4 and 33 + 0.33

M - Al@Russell &Pennock, 201)1 Furthermore, match day energy balance within this
population is less than optimal; demonstrating mean deficits.28 2 231 M - A'G
(chapter 4. Despite limited evidence of performance &i#s with increased energy
intake during By, the additional calorie content may be worthwhile to simultaneously
reduce the energy deficits observed on maan Additionally, the increased calorie
intake apparent ing did not induce any abdominalsdiomfort versus Bo (p = 0.595).
Conversely, feelings of gut fullness were increased immediately after consumgtion un
the onset of exercise (all ¥ 0.01). Whilst heightened feelings of gut fullness may
induce gastrointestinal discomfort and have sgbest implications for performance
(de Oliveira, Burini & Jeukendrup, 2014), abdominal discomfort was not adversely
effected in this study. Enhanced gut fullness may therefore have provided an additional

subjective preparatory benefit.
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5.5 Conclusion

The study findings demonstratigat Academy soccer players wetlgle to increase pre
match energy intake without experiencitetrimental effects ohbdominal discomfort,
addressing the previously identified concern of significant energy deficit on such days
This finding may be of interest to applied practitionexxking with Academy soccer
players who typically demonstrate less than optimalnpaéch nutritional habits.
Furthermore, \wilst Binc producedlimited benefits tophysical performance, increased
dribbling speed was identified compared tedBa finding which maye of benefit to

matchplay.
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Chapter 6: General Discussion

6.1 Thesis Aims

The aims of the thesis were threefold: (1) identify an accurate method of energy intake
assessment which quded any seHreporting bias bespoke to Academy soccer
players, (2) provide a quantification of energy intake and energy expenditure of
$FDGHP\ VRFFHU SOD\HUV RYHU D pW\SLFDOYT WUDLQL
fluctuations in energy balance, Wdtialso examining prenatch nutritional practice)
investigate strategies to optimise dietary pcsdti of Academy soccer players,
specifically examining th@mpacton soccer performance variables, whassessingf

players canolerate the increasqae-match energy intake.

Chapter3 explorel the accuracy of theombined methodf energy intake assessment.
Findings demonstratethe variability compared to observedethods was low and
although a statistically significant undesporting wasdentified, the magnitude of this

bias was small. Consequently, with an appropriate adjustment for-tepteting, the
combined method could be used as an alternative method to quantify energy intake in

free-living Academy soccer playe

Chapter 4assessd energy balance in male Academy soccer play&ean daily energy
intake was significantly lower than mean daily energy expenditughlighting sub
optimal dietary practicesAdditionally, type of training had a direct impach ahe
degree of energy deficitFurthermore, prenatch dietary practices are likely sub

optimal, which may present acute implications for soccer ratoh
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Chapter 5 examinel the effects of increasing pexercise energy intake (via
manipulation of absolute carbohydrate content) orsesgleniphysiological responses
and soccer performance measunéAcademy players during a 90 min soccer match
simulation.Furthermore, a subim of the chapter was to assess if players could tolerate
the increased prmatch energy intakerindings demonsrated that Academy soccer
players are able to increase jpnatch energy intake without experiencing abdominal
discomfort, helping reducethe previously identified concern of significant energy
deficit on such daysFurthermore, whilst B producedlimited benefits to physical
performance, increased dribbling speed was identified comparegdaaBindingthat

may be of benefit to matgblay.

The present chapter will collectively discuss and appraise the findings of the
experimental research in relatiom the thesis aims. Reflections on key findings will
also be discussed, in addition to providing insights into the practical application of such

findings and subsequent direction for future research within Academy soccer.

6.2 Reflections on main findings

6.2.1Accuracy of energy intake assessment

Chapter 2.2.23 highlighted the issues o&ssessing dietary habits iadolescent
populations, suggesting the quantification of energy intake utilisingregsdirted
methods presents challenges, such as umgberting and a lack ofletailed information

(Hill & Davies, 2001)Currently, limited data existsxaminingenergy intakenethods

in highly active male adolescents such as Academy soccer players. Although
investigations of normal weightmale adolescent pomtlons have been conducted,

(Bandini et al., 1990Bandini et al., 1999; Bratteby et al., 1998; Livingstone et al.,
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1992); highlighting significant undereporting ¢18-22%), thesedo not represent the
daily routines of Academy soccer playerfierefore, sch information provides limited
insight in to Academy soccer players due to distinct differencesainirtg and
competition scheduleand subsequent eating patterifiterefore to ensure accurate
dietary information was collected from Academy soccer play it wasimportant to

quantify any selreporting bias in this population.

Subsequentlychapter3 aimed to explore the agreement between researcher observed
energy intake and seléported energy intake usitige combined methodsit has been

found to increase the accuracy of sedfported energy intake measurements in
adolesent populations (Livingstone &Robson, 2000; Rumbold et al., 2@L1
However, previous research has not examined the combined approached in Academy
soccer populationswho expeience increasedtraining demands influencing energy

intake requirementsThe findingsof chapter Ademonstrated VP DO O i p- GD\
DQG FRQVLVWHQW &, IRU ELDW) undefrepoh® bias. 0- C
Evidence of significant undeeportirg is in agreement witearlierstudies(Bandini et

al., 1990; Bandini et al., 1999; Bratteby et al., 1998, Livingstone et al.,) 1892y
moderatelyactive male adolescentsyuggesting similar trends common to other-self

report methods. Howeverhdé consGHUDEO\ ORZHU i HUURU KLJKO
improvement wherthe combined method iadopted. Thus providing moreaccurate

alternative for practitioners and fielthsed researchers.

An important consideration when assessing energy intake istheerand frequency of
$FDGHP\ VRFFHU SOD\HUVY HQHUJ\ FRQ¥®XEGWIoRQ $Q

revealed that rather than inaccuracy of the weighing technique itself, missed items were
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the main cause of undegporting. Snacking equated to 90%unfderreporting error,
suggesting complex eating patterns may explain the small bias evident within this
population This isa particular consideratidior researchers and applied practitioners to
be aware ofwhen conducting thessociated?4 h recall forfuture research design.
Specific focus may be needed when prompting for snack items or possibly an
introduction of a policy whereby wrappers/containers of all consumed snack items are

to be kept and subsequently supplied with the food diaries.

One of thereasons purported for the significantly smaller bias in comparison to
previous studiesBandini et al., 1990; Bandini et al., 1999; Bratteby et al., 1998;
Livingstone et al., 1992was the interaction and nagrt built with the playerswhilst
previous tudies using selfeport methods of energy intake do allude to a workshop of
some form prior to data collection, more emphasise should be placed on this aspect of
preparation to initiate the relationshipth the playersPlayes seemed to respond well

to the workshops designed to educate them about the dietary data collection technique.
Furthermore, by contextualising the requirement for accurate data to help inform
nutritional practices ensured a strong relationship, whilst allowlagepsto develop a

sense of interest and ownership in the research. Equally, the support of the Academy
coaches helped cement the relationship pi#lyersand provide merit to the importance

of such investigations, subsequently impacting on motivatmehcompliancéevels.

An appropriate adjustment equation was devised; 1.039% i ZKMEH
researcher observed energy intake and playes selfreportto address the slight
underreporting errorHowever from a practical standpoint the mean unrdsorting

HUURU L GHQ WJd)HsGnot iclinically meaningful in a ight loss context
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(Wanget al.,2006), suggesting the undeporting would not likely impact on energy
balanceover the longerm Thus, whether researchers or practitioners opted to use the
correction equation or not, the combined method could be ingpitad as an alternative

to the researcher observed method when quantifying energy intake in male Academy

soccer players.

6.2.2 Energy Balance

Thus far a relatively limited amount of studies have investigated the nutritional intake of
Academy soccer playe (Boisseau et al.,, 200X accialanza et al., 2007; Iglesias
Gutierrez et al., 2003;eblanc et al., 200Ruiz et al., 2005Russell &Pennock, 2011)

with most displaying limitations in the accuracy of methods employed. Despite a lack of
acknowledgemenfior underreporting bias, the majority typically reported syttimal
energy intake relative to estimates of energy expenditBmsgeau et al., 2002,
Caccialanza et al., 2007; Iglesi@sitierrez et al., 2005; Leblanc et al., 20B2issell &
Pennock, 201). However, estimates of energy expenditure were often based on
subjective accounts of activity, raising questions over the reliability of such methods as
discussed in chapt@r2.1.1and subsequently limiting the accuracy of reports relating to

energy bance.

At the time of conducting theesearchno study to date had incorporated a design using

the combined method of energy intake assessment alongside objective measurements of
energy expenditure. Whilst it is acknowledged that there are possibly anocueate
methods of energy expenditure assessment (outlined in chaptérd, these lack
practical application to frekving environments,impacting on habitual behaviour

and/or not differentiating between activitieyus limiting the ecological vality.
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Furthermore, the use of accelerometry enabled a collection period representative of both
Academy training and matgblay demands as well as habitual daily tasks including
school and extraurricular activities, providing a more holistic account okergy
expenditureSuch information is lacking in the literature with previous studies failing to
account for additional energy expenditure outside of training and fphtghresulting

in misleading assumptions regarding how to optimise dietary practicethis

population.

The findings of chapted4 demonstrated that over aday period players were in a
negative energy balance, with energy intake being insufficient to meet the demands of
training and competition. More importantly perhaps, type of trgihiad a direct impact

on the degree of energy deficit, suggesting players may not be periodising their
nutritional intake effectively. Specifically, mealaily deficits of i .3+ 1.66 MJ were
identified, howeverK HD Y\ WU D L Q11Q 226NdN)\AndimaV F K G.R8 + 231

MJ) providedthe greatest energy deficits. This is an importantifigpéiot only for the
impact on soccer performance but also for adolescents whereby a slight positive energy
balance is required for optimal growth and maturation @&y al., 2007; Petrie et al.,
2004; Thompson, 1998%uch information may be useful for coaches when periodising
training structure to accommodate for potential decreases in energy following a heavy

training session when players are not adequately heigel

Whilst previous studies have demonstrated-gpiimal energy intake, these fail to
identify where the greatest deficits occur, or whether some days players may experience
positive energy balance depending on tlaing load/intensity. Chapterghlighted

that energy intake was relatively stable across the week, independent of whether players
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were involved in a heavy, moderate or light training session or if they were recovering
from matchplay. These findings provide support for educating pkyabout the
necessity to periodise nutritional practices and offer evidence for practitioners to
advocate nutritional advice accordingly. For example, analysis of diet composition
demonstrated that carbohydrate contribution to total daily energy intakikelgto be
suboptimal, especially during heavy tneang sessions and match days. Furthermore,
analysis of pranatchdietarypracticesn chapter 4dentified inadequate energytake.
Results demonstrated meaabltual prematchintakes of 1.16 + 0.181J consisting of

41 g carbohydrates, 10 g proteins and 8 g fats. Therefore, based on the current

recommendations (ACSM, 2015), preatch energy intake is likely sudptimal.

Theresults from chapter dre the first in the UK to provide insight in to egiebalance

in Academy soccer players, differentiating between type of activity. Thus providing key
information for practitioners working with this population when planning or
recommending nutritional practices. Furthermore, the collection period encospasse
holistic approach including commitments outside of Academy training which also
subsequently increases daily energy expenditure, consequently impacting on nutritional

requirements.

6.2.3 Strategies to optimise nutritional practices

Based on the findings from chapter &, strategyto reduce energy defisitand fuel
soccermatch playwere examined in chapter JResults demonstrated that Academy
soccer players are able to increase-metch energy intake without experiencing
abdominal discomfort, helping to reduce the poasgly identified concern of significant

energy deficit on such dayBinc provided an additional ~1 MJ compared t@dvhich
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equated to ~50% of the match day energy deficit (chapteHdyever, pe-match
energy intake(~2.1 MJ; 77 g carbohydrates, 14 pgoteins and 12 g fatg)roduced
limited benefits tophysical performance, althougimcreased dribbling speded.3 +
5.7%)was identified compared to habitual intake, a finding which may be of benefit to
matchplay. Whilst it is accepted that performaneffects were limited, strategies of
increasing energy intake in this population are warranted to prevent chronic negative
energy balance occurringhe findings from chapter 5 provide a foundation for future
research to develop prmeatch strategies in thipopulation to further reduce the energy

deficit whilst also demonstrating greater benefits to mataly variables.

The design of chapter 5 was created specifically to mimic the timing and habits
associated with prenatch routine with regards time pkxg arrive at the Academy; time

of breakfast consumption KDELWXDO IRRGYV DVVRFLDWHG ZLWK %
time lapse between breakfast consumption and onset of exdilcesprematch routine

outlined in chapter 5 may provide information foreashers when planning study
designs, especially to address the concern of conducting intervention studies in the
fasted state ZLWK OLPLWHG DSSOLFBuhenQre\ite pvétsdsl ysgcdH D O
has been validated to represent physiological resg® to actual soccer mafolay

(Russell et al., 2011b)herefore,increasing the ecological validity of the design to
provide findings related to the context lefbitual matckday practicesThe habitual

context against which the intervention in chapbewas made idikely of interest to

applied practitioners and researchers considering criticismsstaflies that have
demonstrategherformance improvements interventions in fasted participants that are

likely to be used in the fed state. As faneerci® nutritional status modulates responses

to subsequergxercise (Anderson et al., 20Q1&nd specific interventions (Sdigyet al.,
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2013, it is therefore recommended that contextual information about thexpreise
nutritional status of research pantiants is communicated. Failure to do so likely
compromises the ecological validity of these findings to real world settings.
Furthermore, results ahtervention strategiesonsumed prior to exercise in a fasted
state are likely to influence performancet yold limited merit when recommending

such strategies in practice.

Thus far limited information is available on the pnatchdietary practices of Academy
soccer players to provide a rationale fecommendegre-exercise dietary practices.
Chapter 5 adances the literature in this area, outlining tolerable increases in habitual
energy intake to address the issues of significant energy deficit on such days, without

detriments to abdominal discomfort impacting on soccer performance.

6.3 Limitations

Spedfic limitations have been outlined in the individual experimental study chapters
(chapter &) relating the chosen methodology. Howeude following section will
discuss some general limitations associated with working with Academy soccer
populations, wiilst providing some further information for limitations previously

identified.

Due to the elite nature of Academy soccer and competing demands for their time, access
to this population can presenthallenges. As previously mentioned the EPPP
recommend&0 h of contact with the Academy per week which can encapsulate a range
of training methods. Moreoveraeh Academy is graded independently and provided

with a category status of one to four, with one been considered the most elite. Category
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status is sulexjuently paralleled with funding from the Premier League and Football
Association. Whilst there are a number of factors upon which Academies are graded
(e.g. strength and conditioning, sports psychology and physiology), the incorporation of
sports nutritim does currently not impact the category status. Therefore, Academy
directors allocate time accordingly, whilst considering the grading requisites, leaving
limited priority for nutritional support. Consequently, conducting nutritional research
with Academes, whilst welcomeds challenging This factor is refleed in the thesis,

for example whilst support has been provided to dentiats that th&-day assessment

of energy balance was representative of a typical training week throughout the
competitive sason, multiple data collections at various time points throughout the
season were not feasible due to access restrictions, which may have provided further

insight.

The issue of access to this population also impacted on the interventbegystr
implemented in chapter 5Whilst a clear rationale emerged to devise a strategy to
increase habitual pmmatch energy intake, it is acknowledged that the days leading up
to match day are also importarouglis et al. (2013) observed improved match
performance (e., total match distances, including increased distance covered in all
running intensities performed) when players commenced competition after consuming 8
JA-NBM of carbohydrate for the 3.5 dapsior to the game. However, fwescribea

diet with adegate control during this period was not possible due to player availability.

It is accepted that adolescence is a critical period for growth and maturation, which
could be influenced by chronic periods of negative energy baldtege(, et al. 2007;

Petie, et al., 2004; Thompson, 1998)et due to the acute nature of the study designs,
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no longitudinal data was able to be measured to support this assumption. Therefore,
whilst information is highlighted to acknowledge the detrimental impact negative
energy balance may have both short and long term, evidence of this nature could not be

determined.

Methodological issues such as not accounting for urgfsorting bias and using
subjective measures of energy expenditure estimation were evident in preuitiaes st
investigating energy balance in Academy players. Therefore, when planninigtthe
collections stages of this research project, a great deal of considevasogiven to
which methods werappropriate tagain the most accurate informatiom adolesent,
highly active, free-living populations It was acknowedged that the estimation of
energy expenditurby accelerometry is not ggecise abLW, which isconsidered the
nJR U ® D Q Gdweherfthe context of the research and the information required
highlighted accelerometry as the most effective method of estimating energy
expenditure. It is accepted thae measurement of physical activiby accelerometry,

and subsequentonversion to energy expendituresults in lower accuracy, typically
observe asa slight underestimation (Rowlands, 2Q0%antosLozano et al., 2013
Specifically, in a validation stugdySantosLozano et al (2013) quantified a ron
significant undeestimation bias 0of-0.05 kcal-mint when compared to indirect
calorimetry.Howewer, when contextualising this figure over a 24 h period, it equates to
72 kcal, which is lower than 110 kcal purported to be clinically meaningful in an energy
balance context (Wang et al., 2006). Thus suggesting that the minorastideation

bias would (DYH OLP 1 WRIGO BUYHIDROB D FW  itilisiny &ceeléRRetriit E\
was possible to differentiate between type of training/match day and identify

fluctuations in energy balance, an aspect which would not be possible with BLW.
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major advantage othis was to understand the importance of periodised nutritional
practices for Academy soccer players and identify specifically where the greatest energy

deficits were occurring.

6.4 Future direction for research and practice

It is important to acknowledgihat the intervention strategy implementectirapter 5

whilst augmenting dribbling speed without impacting on abdominal discomfort,
produced limited performance benefits. dAratch intake is essential for subsequent
exercise perfonance (Anderson et aRp16 asliver and muscle glycogetiepletion is
attributed as one of the main mechanisms of fatigue in soccer (Krustrup et al., 2006).
However, if habitual diet is subptimal during the days preceding mafuhy then
simply focusing on prenatch intake ray have limited effects on performance. Future
research should investigate the performance effects of optimising dietary practices of
the Academy soccer play both in the days leading up to Apdaighand preexercise.
Previous studies have prescribed soatritional practices (Souglis et al., 2013), albeit
XVLQJ DGXOW SRSXODWLRQV 30D\HEY\W FRQ\OGZHG BIAMN
BM) carbohydrate diet 3.5 days prior to mafithy. However, this was post season, in
which players were involved imelatively light training, not reflecting the training
schedule of Academy soccer players. Such information may provide greater insight for

optimal nutritional practices during demanding training and competitive schedules.

This far dietary assessment Atademy soccer players has been conducted over 3
days Boisseau et al., 200Z accialanza et al., 2007; Iglesi@sitierrez et al., 2005;
Leblanc et al., 2002Ruiz et al., 2005Russell & Pennock, 2011). Whilst this may

provide an accurate representatmf habitual intake, future studies may seek to extend
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this period or opt to assess energy intake during multiple time points in the season to
identify potential flctuations. Evidence ichapter 4highlights a lack of periodised
nutritional practice, whh is necessary for fluctuating training volumes, however, this

may exist throughout other parts of the season.

Bass and Inge (2006) suggest chronic inadequate energy intake in adolescent athletes
may result in detrimental effects on aspects of growthnaatiration. Whilsthapter 4
identified a significant daily energy deficit resulting in negative energy balance, the
impact of this was beyond the scope of the thesis. A longitudinal study trauiyer
developmentnay provide further insight in to thedfects of the negative energy balance
identified. Previous research (Theintz, Howard, Weiss & Sizonel®®3), attempted

to observe the impact of intensive training in gymnasts and swimmers highlighting a
delay in linear growth. Howevgesuch differentraining regimes offer little information

on Academy soccer players. Moreover, limited information was presented on dietary
practices during periods of intensive training. Thus highlighting the need to fully
understand the energy requirements to supporh sievelopments (Unnitha&

Goulopoulou, 2004), as seldom information currently exists.

6.5 Main Conclusions
Based on the findings of the studies conducted within the present thesis, the following
conclusions can be made:
x When using a combined method ofetdry data collection (seteported
weighed food diary and 24 h recall), Academy soccer players prbwdde

accurate account of their energy intake.
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Although accurate, Academy soccer playerssgistematically undereported
energy intake in comparison tilat observed but the magnitude of this bias was
small andconsistent (mean bias-6.37 MJday'!, 95% ClI for bias =0.61 to-

0.12 MJday™).

A correction equation has been developed for use when assessing the energy
intake of Academy soccer players, which is as follows; 1.039% i

wherey = researcher observed energy intake xarplaye selfreported energy
intake.

The combned approach offers an accurateernative to current energy intake
collection methods, providing both researchers and practitioners with a valuable
tool to quantify energy intake in male Academy soccer playerbjnnit free

living environment.

Over a7-dayperiod Academy soccer players were in a negative eriigyice

(-1.3 £ 166 MJ-day'), with energy intake being insufficient to meet the
demands of training and competition.

Heavy training {2.11 £ 226 MJ) and match days228 + 231 MJ) are a
particular area of concern, inducing the greatest energy deficit relative to energy
expenditire.

Negative energy balancelentified in this populatiomay have both sheterm
implications for performance and also letegm detrimental impact on growth

and maturation.

Academy soccer players display sofitimal preexercise nutritional practices
(1.16 £ 0.13MJ), comprising 41 + 2 g, 10 + 4 g and 8 + 2 g of carbohydrate,
protein and fat respectively, resulting in a macronutrient percentage breakdown

of 60 + 6%, 15 + 4% and 25 + 4%.
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X Academy soccer players are able to increaserateh energy intak without
experiencing abdominal discomfort, addressing the previously identified
concern of significant energy deficit on such days.

X Increased dribbling speed4(3 £ 5.7%) was identifiedvhen habitual energy
intake was increased,finding which may bef benefit to matciplay.

x Limited effects on physical performance were seen when increasinggich

energy intake above habitual levels (~1.1 MJ v ~21.M
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8.1 APPENDIX A: Dutch Eating Behaviour Questonnaire-Child
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8.2 APPENDIX B: Example of ethics documents (iformed consent, participation
info/debrief, cover letter etc.)

Consent Form
Please complete section 1 & 2 prior to the start of the study. Participant No.

Section 1 (parent/quardian)

, DIJUHH WR P\ FKLOGUUUAKKKLKUKKLLKKKKUKKKK«c««« SDUWLFLSDW
research project investigating techniques to assess food intake on Satutd&yriR8The exact details
have been explained to me in the information sheet.

I have been given the opportunity to ask any questions and discuss the procedures the study entails with
the organiser of the investigation. | understand that my child will have his height, weight, seated height
(for prediction of maturity offset) and foodtake assessed.

I understand that my child will be required at Northumbria University City Campus, for approximately 12
hours followed by a 1'inute meeting the following day.

It is not expected that your child will experience any pain or physical miecband no psychological
discomfort is expected. It is extremely important that we know about any special dietary requirements or
food allergies/intolerances your son may have. Please indicate these on the food preference questionnaire
enclosed with thigetter.

Importantly by agreeing for your child to take part you will be significantly helping to investigate and
increase knowledge of an area greatly lacking in research.

The results will be saved on a password protected computer in coded form artievafore be
completely confidential. Your child is free to withdraw at any time and does not have to provide a reason.

It is emphasised that his relationship with the researcher and football club will be unaffected. The results
of this project may be plished, but the information will not be linked to any specific person. You can

ask questions about the study at any time. Please do not hesitate to contact me using the details provided
on the covering letter or Dr Emma Stevengosievenson@northumbria.ac.tke project supervisor, to

discuss this matter or any other queries further.

bLIQHG««««««««w«««« SDUHQW JXDUGLDAQ 6LIQHG ««««««
I1DPH 3B3ULQWHG ««««««««« I1DPH 3ULQWHG ««««&««««K
"'DWH «««««««« "'DWH «««««««««

I would like to receive feedback on the overall results of the study at the email address given below
XQGHUVWDQG WKDW , ZLOO QRW UHFHLYH LQGLYLGXDO IHH I:l

Email DG G UHV V « « € & & « &« « & K K K L KKK KKK KKK LKL K

Section 2 (Participant)

, LKL ece««« DIJUHH WR WDNLQJ SDUW LQ WKH VWXG!
which has been explained to me. | understand what is needed of me during the study and that | can
withdraw from thestudy at any time without affecting my relationship with the football club.

bLIQHG e« FKLOG 'DWH «««««««
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Cover Letter

Faculty of Health and Life Sciences
Northumberland Building 226
Newcastle upon Tyne
NE1 8ST
marc.a.briggs@northumbria.ac.uk
Office: 0191 2437913

Mobile: 07984 177250

Dear Parent/Guardian,

My name is Marc Briggs, | am currently conducting my PhD at Northumbria University,
whilst also lecturing on the sport degree programme. | graduated University in 2008
with a first class honours degree in Sport and Exercise Science with Coaching (BSc).
Throughout my time at University | have always been interested in nutrition and the
effects it can have on increasing performance in football. My PhD will investigate the
current dietary habits of adolescent academy and centre of excellence level soccer
players in the North East of England. | believe this research is important as current
nutritional information for adolescents is largely based on adult data, even though there
are very obvious differences between child and adult physiology.

| am very passionate about this area having been in the same position as your son. |
have represented Sunderland AFC and Darlington FC, through academy level since
the age of 9 years old up until apprentice level. | understand the need for greater
awareness of areas which can potentially increase performance. A good nutritional
status in particular is imperative to maintaining health, but it is also a critical factor to
increasing athletic performance.

| am therefore writing to you to consider this proposal and to ask your permission for

\RXU VRQTV SDUWLFLSDWLRQ LQ D UHVHBUFACrINOWIXIE&E\ RQ HL
7"-14™ May. The study will be conducted by CRB cleared adults. Full details are

outlined in the information sheets provided, one for yourself and the other for your son.

If you have any questions or would like to discuss any issues further please do not

hesitate to contact me on the details provided above. There is no obligation that your

son must participate and they will be at no disadvantage if they do not wish to take

part.

If your child is able to participate, please sign the informed consent form (signed by
both you and your son) and bring this with you to the next training session.

Thank you for your cooperation in this matter.

Yours faithfully,

Marc Briggs Bsc (Hons)
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Participation Information Sheet
Marc Briggs
Department of Sport, Exercise and R ehabilitation
Faculty of Health and Life Sciences
Northumbria University
Newcastle upon Tyne
NE1 8ST
Mobile: 07984177250
Email: marc.a.briggs@unn.ac.uk

PARTICIPANT INFORMATION SHEET

Congratulations! You are being asked to take part in this exciting study , as you have been
identified as a high -level adolescent football player. This is the first study ever study of
its kind in the UK, so you should be really proud that you have been selected.

Why are we doing this study?

We know that nutrition is very imp  ortant in football and it can help increase performance,

EXW ZKDW ZH GRQ-W NQRZ LV ZKDW LV WKH EHVW W\SH DQG D
footballers like yourself, as the only studies that have been done previously are with

adults. So once we know exact ly how much energy you are using over a typical week and

also the types of food and drinks you are having, it will make it easier for us to produce
recommendations on what the best diet is to make you perform at top levels.

What will | need to do?
To tra ck all of your energy you will have to wear a device called an accelerometer which
looks like this:

You will wear this accelerometer around your waist for 7 days.
The only time you will remove this will be when you shower . To
track all of your energy inta ke, you will record every item of
food and drink you consume into a food diary that we will give
you. You will also be given a set of scales to weigh all of the food
where possible. In addition to this | will also speak to you on the
telephone each day to conduct what is called a 24 hour recall
which simply means you let me know all of the food and drink
items that you have had on the last 24 hours, which should only take approximately 5 -
10mins.

How long for?
7 days

When?
23rd 230" April or 7 - 14" May depending on which group you have been allocated

.l DOO RI WKLV VRXQGV JRRG DQG \RX ZDQW WR WDNH @RUW WKH
RU JXDUGLDQ NQRZ ,I \RX FDQ-W WDNH SDUW RU \RX GRQ-W ZDQ
WKH VWXG\ DQG \RX GRQ-W OLN Htheth®@ ® G @@beriveithR GURS RXW

Thank you,
Marc Briggs
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Parent Information Sheet

Faculty of Healthand Life Sciences
Northumberland Building 226
Newcastle upon Tyne
NE1 8ST
marc.a.briggs@northumbria.ac.uk
Office: 0191 2437913
Mobile:07984 177250

Dear Parent/Guardian

Thank you for taking the time to read this information concerrirgtudy in which

your son has been asked to participate. | aim to track all of the energy intake and energy
expenditure of the under 15 and under 16 academy squads. Due to the high intensity
training workload it is essential that we understand exactly thikae academy players

are doing, as a negative energy balance can be detrimental to football performance and
more importantly health, especially during this critical stage of growth and maturation.
Therefore this research will hopefully provide somelwtibormation to structure

training and nutritional recommendations.

7KH )DFXOW\ RI +HDOWK DQG /LIH 6FLHQFHYV (WKLFV &
have approved the study and all the procedures involved. Please read all the information
carefully n order to decide whether you agree to your child being involved. If you

decide to allow your son to participate you will be required to sign the form of consent.
Your son will also be required to sign the consent form after reading the information

sheet povided. If you decide that you do not want your child to be involved there will

be no disadvantage to them

What will my son have to do?

Your son will be wearing an accelerometer around his waist. This is approximately the
size of a watch and will be coacted around his waist via an elasticated strap. This will
measure all of his movements and will be concealed under his clothing. Your son will
be required to wear this for 7 days and the only time this should be removed is when he
is showering. Your son /simply wear this device without any interruption to his

normal daily schedule. In addition your son will be required to complete a food diary to
record all of the food he eats. He will need to write down all foods and fluids he
consumes. Your son witle required to weigh the food items where possible to help

with the accuracy of the information provided.

When will he be doing this?

The study will be over a 7 day period and your son will be allocated to one of two
groups, either:

Tuesday 23 +30" April or

Tuesday 7 +14" May

Once the groups have been allocated | will inform you via email.

205



Is there anything | need to do?

No. I am simply contacting you to make you aware of the situation and to request kindly
to support this research and en@me your son to keep track of all his food and fluid
intake. All information provided will be anonymous and only the researcher will know
the exact details provided by your son. Individual food diaries will NOT be given to
coaches at SAFC, only anonymarsup information will be given.

Safety
All members of the research team have been CRB checked and cleared.

Can participation be ceased?

You and your child can change their mind at any time and decide not to continue
participating. If withdrawal doescour reasons for this do not have to be declared and

no disadvantages will be experienced. If you do wish to withdraw from the study please
contact myself on the above details.

How do | contact you?
If you have any questions about the study please athail me on
[marc.a.briggs@northumbria.aclakring me direct on 07984177250.

Thank you for your cooperation in this matter.

Kind Regards,

Marc Briggs (BSc Hons)
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Participant Debrief Form

Marc Briggs
Department of Sport, Exercise and Rehabilitation
Faculty of Health and Life Sciences
Northumbria University
Newcastle upon Tyne
NE1 8ST
Mobile: 07984177250
Email: marc.a.briggs@unn.ac.uk

Participant Debrief Participant Number

Energy Intake and Energy Expenditure Assessment in Adolescent
Academy Soccer Players

The study was investigating the total amount of energy you consumed and
also the amount of energy you used in a typical week.

Generalised findings will be made availabl e. However if you would like
individual feedback or if you have any questions regarding the experiment
please contact Marc Briggs (email: |marc.a.briqqs@unn.ac.uki phone:
07984177250 ). You are also reminded of your right to withdraw from the
study at any time. If you choose to do so, please use the email address
above, giving your confidential participant number code (on top of this
sheet) and all your data will be deleted.

If you have any concerns or worries concerning the way in which this
research has been conducted, or if you have requested but do not receive
feedback from the principal investigator concerning the general outcomes

of the study within a few weeks after the study is concluded, then please
contact Lesley Fishwick |Iesley.fishwick@northumbria.ac.uk |

Thank you for your participation.

Marc Briggs
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Parent Debrief Form

TITLE OF PROJEEnergy Intake and Energy Expenditure Assessment ir
Adolescent Academy Soccer Players

Principle Investigator: Marc Briggs

Researcher Emgiharc.a.briggs@northumbria.ac.uk
Researcher Mobile: 07984177250

1. What was the purpose of the project?

There is a prevailing need to investigate the dietary habits of adolescent soccer playerg
thus far no studies have specifically addressed this issue within English football. The o
aim of the thesis is to ultimately investigate what highiel adolscent soccer players are
currently consuming and whether or not their diet is adequate to sustain the demands
placed upon them, with regards to training, competition and health. However, before af
recommendations are provided it is important to understasmdctly what higHevel
adolescent soccer players are currently doing with regards energy intake and expendit
Due to the high intensity training workload it is essential that we understand exactly wh
these academy players are doing, as a negatiwgnbalance can be detrimental to
football performance and more importantly health, especially during this critical stage 9
growth and maturation

2. How will | find out about the results?

Participants were presented with the opportunity to requestuansnary of generalised
findings prior to the start of the study. If you did not tick the appropriate box on the
informed consent form but would like to receive the generalised findings please email t
principal investigator Marc Briggsarc.a.briggs@northumbria.ac ukurthermore, players
and parents will be invited to attend a presentation of the results, early next season.

3. Will I receive any individual feedback on my son?
Individual participanfeedback is also available on request, if you require this informatio
please email the principal investigator Marc Brjgegc.a.briggs@northumbria.ac.uk

4. What will happen to the information myan has provided?

To ensure participant confidentiality, the consent forms and data collected will be store

separately in locked cabinets and the raw data will be analysed on a password protectg

computer so participant anonymity if maintained throughohetresearch study process. 4
§ AJoo *3}E U pe v *SE}C v JE v A]SZ §

Ethics policies and procedures and in accordance with the Data Protection Act (1998).

5. How will the results be disseminated?

The owrall results may be published in a scientific journal or may be presented at a
conference, but all of the data will be generalised, and individual information will not
presented.
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6. Has my son been deceived in any way during the project?
No

7. If my son changes his mind and wishes to withdraw the information he has provided,
how will he do this?

You and your child can change their mind at any time and decide not to continue
participating. If withdrawal does occur reasons for this do not have todataded and no
disadvantages will be experienced. If you do wish to withdraw from the study please cq
principle investigator Marc Briggsarc.a.briggs@northumbria.ac.uk

If you have any conceis or worries concerning the way in which this research has b
conducted, or if you haveequested, but did not receive feedback from the princiy
investigator concerning the general outcomes of the study within a few weeks after
study has concludedhen please contacDr Lesley Fishwick (Chair of Ethics Committee)
email aflesley.fishwick@northumbria.ac.bik
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8.3 APPENDIX C: Food Diary (chapter 3)
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Instructions

You will need to record EVERYTHING you eat and drink today in this food
diary. You will need to weigh each food item before you eat it and if you
have any leftovers you will also need to weigh and record this in your food
diary.E.g. 2 slicesoftoastH5PU ]J( C}p o A <}u A JPZ §Z o
which may be 5g, therefore you have eaten I5@ny of the food items

are inpackagingthen please remove this before you weigh it. As well as
recording the weight of all of the food items you eat, each halle a
numbered sticker on it. Please make sure you write the number in your
food diary in the column provided. You are free to eat food as you wish,
however please make sure everything to eat it weighed and recorded in
your food diary.

You will also neetb measure out and drinks that you have in the drinks
bottles provided.

CheckKlist:
x Are the scales back to Og before you start?
X Have you taken off the packaging before you weigh your food item?

x If weighing on a plate have you remembered to subtract thégive
of the plate?

x Remember to weigh each item individually
X Have you measure out your drink in m|?
X Have you written down the sticker number in your diary?

x HAVE YOU MEASURED ANY LEFTOVER FOOD?
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TIME DESCRIPTION ¢ WEIGHT BEFOR WEIGHT AFTER STICKER
FOOD/DRINK (g or ml) (g or ml) NUMBER
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8.4 APPENDIX D: Food Diary (chapter 4)

Name:

Date:

Instructions

You will need to weigh and record EVERYTHING you eat and

drink over the next 24 hoursint his food diary. That includes
Breakfast , Lunch, Dinner and any snacks and Drinks you have in

between.

Every time you eat something you MUST right down how it was
FRRNHG \RXU PXP DQG GDG FDQ KHOS \RX ZI
sure!

1.BOILED 2was it boile d in a pan with water?
2. FRIED 2was it cooked in the frying pan with oil?
3. ROASTED 2was it roasted in the oven?

4. GRILLED 2was it put underneath the grill and cooked?

Keep checking the list of foods on the next few pages to help

you know how to de scribe the foods that you eat and also so you

GRQ-W IRUJHW WR UHFRUG HYHWWKLRUJIBY (09
DERXW WKRVH BKREFBODWH FULVSV IL]J]\ GULQ
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Day:

Time

Description of Food

How it was
cooked/prepared

Amount/Size (g)

Brand Name
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8.5 APPENDIX E: Rate of Perceived Exertion (RPE; Borg, 1982)

RATING OF PERCEIVED EXERTION

© 0 ~N O

11
12
13
14
15
16
17
18
19
20

NO EXERTION AT ALL

EXTREMELY LIGHT
VERY LIGHT

LIGHT

SOMEWHAT HARD

HARD

VERY HARD

EXTREMELY HARD
MAXIMAL EXERTION
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8.6 APPENDIX F: Visual Analogue Scale (VAS) Gut Fullness

Participant * « « « « « €« « «
Trial + « « «

Time z*Immediately post breakfast

How full do you feel now?

not at all full very full

Time £30 mins post

How full do you feel now?

not at all full very full
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Time 60 mins post

How full do you feel now?

not at all full very full

Time £90 mins p ost

How full do you feel now?

not at all full very full
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8.7 APPENDIX G: Abdominal Discomfort Scale(adapted from Price et al., 2003)
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