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ABSTRACT

Cycling efficiency is a measure of the ability to convert estognergy into power,
and is considered a key determinant of cycling performance. Cyflitigney has
recently been manipulated with various techniques, but most prominétitijigh
intensity training in habitual cyclists and using calorie regiricin sedentary obese
participants. It was therefore the primary aim of this thieseslore the efficacy of
utilising a short- and medium-term calorie restriction intereentito manipulate
efficiency with participants accustomed to cycling. A secgndam was to
investigate the validity of measuring efficiency in a fislgsed environment. Male
club level cyclists were recruited for the investigations, wltohprised of a
moderate -500 kcdlay® deficit, utilising portion control and measuring efficiency
at both absolute and relative steady-state intensities. Seventagitipants
completed the short-term, two-week intervention which utiliseth@mised cross-
over design. Although a significant reduction in body mass was attaivdd, gRoss
and net efficiency across all intensities and TT power radaistable. Field and
laboratory comparisons indicated that prior to statistical a@re absolute
efficiency was significantly lower in the field, but after aaating for differences in
power, cadence and environmental conditions, no differences were presenty-T
nine participants conducted the medium-term study and were assighed to
calorie restriction or to no dietary intervention. Following a redocin mass in the
calorie restriction group and an increase in the group given noydietarvention,
a significant interaction between mass and efficiency was famosisagross and net
efficiency workloads. A six week follow-up period indicated tha¢ process of
calorie restriction and not absolute body mass reduction was the reeimmsm
for altering efficiency. This thesis suggests that effayertan be manipulated both
positively and negatively with calorie manipulation, and that trebsges are
linked to both laboratory and field based performance.
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SUMMARY OF INVESTIGATIONS

Cycling efficiency research has increased in popularity thespast decade and is
currently regarded to be a key determinant of performance. Desgtiteng rational
for the link with performance, improvements in efficiency mmely empirically
confirmed with performance testing. Utilising research and idsedrom a health
and weight loss perspective, in combination with the frequent pradticained and
elite cyclists to reduce mass prior to competition to improve ptoweeight ratio,
body mass change as a result of calorie restriction was cods@ewid and under
researched intervention strategy. Therefore the primary aithiofthesis was to
explore the short- and medium-term effects of body mass changeeaoly-state
efficiency and time-trial performance. A secondary aim wasqlore the efficacy

of measuring efficiency in a field environment.

Study 1 - Variability of body composition assessment, blood paramese energy
expenditure and timeirial performance.

Within and between-day variability of the key variables wersesa®ed prior to
experimentation for the purpose of sample size calculationsséss reliability and
streamline protocols. Both within-day and between-day variationatedicthat the
Durnin and Womersley (1974) 4-site skinfold method had the lowest body fat %
variability (CV: 1.12 %) and was the closest in absolute predictioat ohdss to an
air-displacement plethysmography device (CV: 3.82 %). Betweenvaaability
determined that RMR measurement could be streamlined to 20 min foqserise
experimental chapters, whilst body mass perturbations e insight into the
level of mass stability amongst participants (CV: 0.54-0.82 %), equiaiiagveekly
change in body mass of 0.38-0.57 kg for a 70 kg participant. The variabflit
efficiency was assessed across three workloads; 150 W, 50 % and\&Qx9All
three workloads showeslower variability when calculated as gross efficiency (CV:
2.89-6.17 %) opposed to net efficiency (CV: 4.30-8.83 %) and in turn therhigh
sensitivity to change. TT laboratory performance variability : (€\28-3.89 %) was
considered similar, although slightly higher to previous studies usaiged
participants (CV 1.9-2.19 %, Smithet al, 2001). This indicated that club level



cyclists recruited for the reliability study were satisfaty accustomed to TT
performances. In regard to blood analysis, this assessment seashal first to
demonstrate the natural weekly variability in a non-hospitalisgaulation using a
new portable device (i-STAT).

Study 2 - The effect of short-term calorie restriction on cylg efficiency and
performance.

Little is known about the short-term effect of calorie resbmctin a non-obese
exercising population, where it is likely that a reduction imltkiocalorie intake
will reduce carbohydrate availability, having a negative effect on Haibrecy and
performance. Therefore, the aim of this study was to exploreffélee ef a short-
term (two week), moderate calorie restriction (-500 ‘dagl') on gross, net
efficiency and TT performance. Sixteen male cycliste @8 + 9 yrs, body fat 22.3
+ 5 %) were recruited from local cycling clubsmpleted a VO2max test and three
efficiency and TT performance trials (16.1 km). The intervention isimas of a

randomised crossover design where a significant reduction in body(+has$ kg)
and fat mass (-0.81 kg) was observed during the intervention perio@.05, in all

cases), with no significant reduction in lean mas>(0.05). There was also no
significant difference in RMR, TT power or TT power expegsgelative to body
mass P >.05). There was however a significant increase in TT economy @ o) (
0.01), but no significant changes in either gross or net efficieoyss intensities
following short-term calorie restriction. This data suggestst tfficiency
measurement isa reasonably robust measure to changes in body mass and
composition and that TT exercise capacity is not compromisedub cyclists

following a moderate calorie deficit for a two-week period.

Study 3 - A field and laboratory comparison of gross efficiency and
performance.

Cycling efficiency and economy are frequently measured in a aavgr
environment and assumed representative of outdoor cycling, despited limi

empirical research in the field. Therefore, it was the afnthis study to develop



protocols to measure efficiency in afield environment and to furtpérexthe link
between efficiency and performance. Twenty-eight male clubl leyelists
completed a VOzmaxtest in the laboratory prior to a randomised efficiency and TT
performance measurement in both the field and laboratory (one week. ap
Laboratory testing was performed on a stationary ergometer eahddsting on the
participants’ road bicycle fitted with a power wheel device. The results initially
indicated that cyclists were less efficient in the field; besv, after adjusting for
differences in power, cademcand environmental factors, efficiency values were
considered similar R > .05). Field and laboratorff T power had a high positive
relationship (r =0.8P <.001). This finding provided evidence to support the notion
that laboratory gross efficiency measurement is representaf field efficiency.
But, these novel findings also highligat the importance of controlling for variables

(e.g. air spee& 3.0 ms?) and accounting for confounding variables in the analysis.

Study 4 - The effect of medium-term body mass change on cygji efficiency

and Performance.

Changes in body mass have been previously described in studies geportin
improvements in efficiency yet, it has not been investigategrediter body mass
changes than seen in Study 2, could directly influence efficiency habaualised
population. Twenty-nine male cyclists were either randomised sig week body
mass reduction group or gven no dietary intervention. The study consisaqoref
post and follow-up phase separated by six wedk¥O2max test followed by an
efficiency and TT performance trial were conducted during eachepdfa®sting.
Participants were divided on the basis of mass change, with teeedastion group
significantly reducing mass by -2.3 kg, fat mass by -1.0 kg andnegs by -1.3 kg

(P <.01). The participants that were given no dietary instruction gairsedilar but
opposing magnitude of body mass by 1.9 kg and fat mass by 1P2<kdb), with
relative stability in fat-free mass 0.7 kg $ .05). Significant interactions between
group effects were present in gross efficiency measurébaW and 60 % Wéax,

and net efficiency at 60 % AM¥x. This was suggestive that body mass and by
extension energymbalance has the potential to have both a negative and positive
influence on cycling efficiency with a greater negativeaeffon efficiency with mass

gain. Performance power was also not significantly affectedhéymedium-term

\



intervention but did show a similar pattern to TT economy and stéatky-s
efficiency, providing further evidence that efficiency and pemforce are indeed
linked.

Overall, the investigations demonstrated that efficiency coulthdr@pulated in a
trained population, with relatively small changes in body mass. @aa¢turn of
efficiency following mass stability, the results indicatedt tha& process of energy
imbalance and not necessarily the absolute change in mass igrtheausa for the
changes in efficiency. The results also indicated that effigiemay only be
temporarily altered with energy imbalance and that restingabolism remains

stable in an exercising population in the early stages of masgecha

Vi
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CHAPTER 1 — INTRODUCTION

1.1 Preface

Exercise efficiency is a major factor associated witltemssful outcomes in sport
and exercise performance (Joyner and Coyle, 2008). Theoreticalipadimise
performance of an individual, a high ratio of useful work compared tdotiak
energy expended is key to successful outcomes; this is pagicdkevant where
competition winning margins are small, and the ‘cost’ of inefficiencies could account
for the resulting differences in performance between individuelskg¢hdrupet al
(2000). Efficiency (or economy) is commonly cited as a differnga factor
between elite athletes in this context, and thus research ifiettiisnvestigating
methods to enhance efficiency and economy is advancing (Jeabsah 2012,

Bonacci, Chapman, Blanch and Vicenzino, 2009).

Despite a clear theoretical link to sport and exerciseopesihce, the increase in
research surrounding efficiency and economy has a number of distitations.
Early published work did not necessarily use adequate numbers ofpaatsciand
a number of studies failed to use appropriate techniques in thetieollef data to
allow robust conclusions to be supported (Moseley and Jeukendrup, 2001). This led
to research into different activities drawing different conclusiolRer example,
during running where there are very large inter-individual diffegenoeeconomy,
even research with small sample sizes and simplistiachsekesign could identify
differences which has led to substantial advances in research rimotesof exercise
(Pereira & Freedson, 1997). This was not the case for cyclimgissxehowever,
where inter-individual differences appear to be substantiallylesn@mpared to

running, and thus conclusions indicated from many early papers ibigneff in
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cycling was not different between trained and untrained individuals, famsl t
training could not change this parameter (Moseley, Achten, Martideariébndrup,
2004; Nickleberry and Brooks 1996). However, the consequences of the early
conclusions that efficiency does not differentiate between traaned untrained
cyclists resulted in the lower volume of literature and understandingnergy

expenditure in the field of cycling compared to the research on runners

A review of the literature inChapter 2 clearly identifies studies that have
demonstrated differences between participant groups, or changégiency with

a specific intervention, however a substantial number of these shatiedailed to
include any performance marker in their experiments (Jobson, Hdpdef and
Passfield, 2012). This is important to allow sport and exeroctsmtists to move
away from a theoretical basis (of a particular interventianjrt evidence based
approach derived from applied research. A further critical p@garding the
performance parameter is the published data from a number oésanaicating a
negative relationship between exercise efficiency/economy andinal oxy gen
uptake. Because maximal oxygen uptake is the most cited panigemindicator
amongst all of the endurance literature (Sloth, Sloth, Overg&adblgas, 2013;
Jobsonet al, 2012), any reduction in this parameter may not be beneficial to
performance, and thus investigation in this field must consider peafoare
assessments to clarify changes for the purposes of the applicitny intervention.
Beyond the lack of consistent performance data, there are otleetsagy studies
that have investigated exercise economy and efficiency thatrapgid® have been
fully considered. In the estimation of energy expenditure, theatidn of oxygen
and excretion of carbon dioxide are measured. These respiratesy agasindicative

of substrate use during exercise and thus can be altered by nutiitienatntion.
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It is therefore essential that there is tight control oftpse-nutritioral intake this
again is not detailed in much of the previous literature when crogsacmign group s

of athletes, repeated measurement during competition and non-c@mnpehases

of training, and pre- post-interventions (Cole, Coleman, Hopker anes,WAD14
Hopker, Coleman & Passfield, 2009a). Associated with nutrition isyeri@nce
and in the short, medium and long term has been shown to influence thatsubst
use estimations from the literature (and thus alter the eneqggnditure of an
individual). Primarily data derived from inactive participantstha area of health
intervention has demonstrated changes in resting metabolism witheshamg
exercise and with alterations in body mass/body composition (Pooléleamsken
1988. More recently however, the changes in energy expenditure have been m
apparent during exercise rather than at rest (Goldsshith, 201Q Amati, Dubé,
Shay and Goodpaster, 208®senbaunet al, 2003 Indeed, in this field corrections
for size differences between participant groups are oftéorddc into analysis due
to the impact upon primary outcome variables (such as energy déxpendiThis is
also be a very important concept to consider when assessingotte sgrformer;
there can be substantial changes in body mass/body composition ovelyrettone
periods of time due to the relatively high energy expenditures a@ohfo inactive
participants. To date, health-related research has demonstuateditions in energy
expenditure at rest and to deliver mechanical work into ergomestersy following
reductions and gains in body mass (Poole and Henson, 1988). This fundamental
consideration has not been considered in any of the papers evident sipotte
performance literature using laboratory based ergometry. Thengulit@rature has
focussed on minimising body mass in this field, however this has pyirfeciissed

upon minimising mechanical work, but the measurement of mechanical worlg dur
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running is currently technologcally challengng based on widetisrga and
changes in biomechanics (Boyer, Freedman-Silvernail, Hagll4). If energy
expenditure were altered during changes in body mass/compositionfortHieed

mechanical workloads there theoretically would be changes irerfjgdeconomy
measures; this has not been considered in the sport scienceiréfend is not
reported in the papers published in this field to date (Hopker, ColandhiPassfield,
2009a). More contemporary work, has begun to address some of thesolai
and authors are now citing equipment developments, training practicegional

interventions and altitude exposure as potential interventions tha enohlnce
efficiency and economy in sports including both running and cyclingsdBdar e-
Ferndndez, Santos-Concejero and Grivas, 2@#&nes and Kilding 2015;

Williams, Raj, Stucas, Fell, Dickenson and Gregory, 2009).

The small inter-individual differences present in cycling proadgably the most
consistent and controlled mode of exercise to accurately assesffethieeness of
an intervention. This is particularly relevant for an intervention hy pistteso alter
energy expenditure. Cycling therefore makes it possible to detatt and relevant
changes in economy/efficiency, which has the potential to direaffect

performance. This thesis will initially discuss energy extenelifrom a basic and
fundameral standpoint of ‘energy’, to provide a unique perspective highlighting the

assumptions and limitations associated with energy measuremdch \are
frequently overlooked. Exploring energy from this level will lead atamore
comprehensive understand of the implications of changes in wholeissmgan
efficency, and the limitations with determining exactly whargrovements or

reductions occur along the energy transfer chain.
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CHAPTER 2 — REVIEW OF LITERATURE

2.1 Energy

Energy is defined as the capacity for doing work and in biologgatess is
measured in kilocalories (kcal) or kilojoulekj), where one kcal is the amount of
heat required to raise the temperature of 1 kilogram (kg) of wgtér°C (National
Research Council, 1989Vork has been defined by Wiser (2000, pp.7) as ‘the
product of a force acting upon a body, times the distance the body moesponse
to that force’. The laws of thermodynamics are used to understand the conversion of
potential energy into usable energy to achieve work. The first ¢dw
thermodynamics adapted from the law of conservation of energy arrbetbsby
Sadava, Heller, Orians, Purves and Hillis (2013), detailed thatisolated system
the total amount of energy is constant, where energy can be tmaedfdrut not
created nor destroyed. This law explains how energy is avmesemwed but may
appear as if it is absent due to the transference of enetgy.sdcond law of
thermodynamics explains that when energy is converted, although @henetgy
does not change the amount of energy to do work is always less tharngihal
amount of energy (Sadawet al, 2013). This law brings about the notion of usable
and unusable energy that is attributed to molecular disorder. Due to the phenom
where energy is required to bring order, the conversion of energy Heenical ora
physical process can never be 100 % efficient. Biological sysaeensarely closed
or isolated; therefore, the total amount of energy stored canalbdated by
subtracting the amount of energy that crosses the system boundamay(Sand
Jewett, 2015). In humans, the system boundary would be the epidermis also know

as the cuticle or skin. Understanding the conversion of energy igatmpeto
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determine how best to tp improve usable energy and reduce unusable energy
while cycling. Energy conversion can be described with five maiesyghemical,
potential, kinetic, mechanical and heat energy (Wiser, 2000). Frictiorees and

fluid resistance will be discussed later in this theSibapter 3) as they have a

greater bearing on efficiency and performance.

2.1.1 Chemical energy

Food intake is mainly comprised of three individual molecules (carbodrobsn
and oxygen) which in combination create the macronutrients; carbohy(C&t€s),
lipids (FAT) and proteins (PRO), with the addition of Nitrogen aarf PRO.
(Turner, Cooney, Kraegen and Bruce 2014). During the process of atigestid
absorption, the macronutrient bonds are broken with the aid of enzymesstertra
energy by phosphorylating adenosine diphosphate (ADP) with an inorgani
phosphate (f® to adenosine triphosphate (ATP). Transferring the energy AT
ensures the conservation of the energy in a universal format thabecaised
throughout the body as potential kinetic energy, and as such is commenigdreb

as the energy currency. Energy can then be released from AR Ehevigddition of
H20 (hydrolysis) and in the presence of ATPase enzymes. This fumddme
conversion transfers chemical energy into potential kinetic yen@fgnter and
Fowler 2009). Even at this most basic level of synthesising and degradiRgti#e
exact efficiency of energy conversion within a biological sysieunknown. The
energy available from an ATP nucleotide has been determinedinvittio studies
(externaly controlled environment) studies, which ascertained that 7.8nk¢al of
energy is available from the hydrolysis process. However it iesiegy thain vivo

(within a biological system) this value can be as much as 1@nk€d) due to the
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presence of free energy released from on-going phosphorylatioméAkwa and
Cirino, 2009). This issue is further compounded by several different mensaiis
achieve ADP phosphorylation and ATP hydrolysis, with the efficienfdhe process
dependent on; the type of macronutrient, the availability of t@e ratio of
ATP:ADP:R and quantity of H+ (hydrogen ions) within the inter-membrane space
per unit of Q@ consumed (Salin, Auer, Rey, Selman and Metcalfe, 2015).
Additionally, the energy conversion efficiency of macronutrientslse dependent
on the coefficient of digestibility where the proportion of enetipat can be
processed is reduced by a greater amount of dietary fibre (Kendan Baal
and Bosch, 2012). Dietary fibre can reduce the absorption &f kpalas much as 4
% in the average omnivore diet (2500 k@', macronutrient ratio
[CHO:FAT:PRO] 60:20:20) and 6 % for the same equivalent quantity of kaabl
ratios for vegetarians (Hendriks, van Baal and Bosch, 2@&hb calorimetry,
which is the method to determine the absolute calorific content of food doek&ot t
into account factors such as reduced oxdation and absorption in refatfdore
content. Consequently, the calorific value of macronutrients is egpag the total
energy value from bomb calorimetry, minus the unusable energy framphete
digestion, absorption and the energy excreted as urine and faagess, (1995). In
the process to determine the ratio between usable and unusable &nergyis a
certain degree of standardisation within the calculations to deterthe efficiency
of energy conversion. Therefore, it is also possible that therendividualistic
factors, which can influence the efficiency of macronutrient ggneonversion
within the gastrointestinal tract. Certain conditions such ag cdisease reduce the
efficiency of energy absorption and therefore conversion (RolfespaPand

Whitney, 2015); with environmental factors such as calorie restrielgm reported
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to improve energy conversion (Abete, Navas-Carretero, Marti andida?012).
The average calorific value for the macronutrients are as fQlloW® = 3.8 kcaly

! PRO = 4.0 kcaj* and FAT = 9 kcalji* (Collins, Hunking and Stear, 2011) with
the exact calorific values dependent on the specific source afdtrenutrient. In
addition to the source and fibre content of the macronutrient affettmgalorific
value, protein calorific values are also dependent on the nitrogemicaviteh on
average causes ~20 % reduction in the amount of usable energy resterfmoim
bomb calorimetry (Jumpertz, Venti, Le, Michaels, Parrington, Kfakddtruba,
2013). Consequently, using the average calorific values for the maceonstri
creates inaccuracies regarding the total amount of kcals camsuraesus the

amount of usable kcals due to individualistic and environmental conditions.

2.1.2 Chemical energy storage

In the event that there is a surplus of usable energy, dietamprmutrients can be
stored in an inert form as a multi-branched polysaccharide gycoges, fatty acid
trigycerides in cytosolic lipid droplets more commonly knowradgose tissue
(Igbal and Hussain, 2009 urner et al 2014). Due to the additional processes of
converting potential chemical energy so that it can be stored thex further
reduction in usable energy. The synthesis and degradation of gycogen vertlee li
primarily used to stabilise blood sugar levels, while the glycagethe muscles is
used to provide a readily available energy supply for kinetic aachanical
movement (Berg, Tymoczko and Stryer, 2002). The magnitude and rate of gycoge
synthesis is particularly affected by CHO intake and the rdudevel of stored

glycogen verses the maximal storage capacity in the muaokdiver Maughan
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and Burke, 2002)The level of degradation is affected by periods of prolonged
calorie restriction and exercise that can cause a substsinftain the amount of
glycogen stored. A singe ATP molecule is required to form a caimpmlycogen
polysaccharide and the degradation is largely a passive gredegh results in an
overal high storage efficiency of ~ 97 % (Berg, Tymoczko amgef 2002). All
three macronutrients can be stored as fatty acid trigly cerigdiels the liver being the
main organ for fatty acid synthesis (Vanderkooi, 2014). The predominanty dedtar
is triacylglycerol with the conversion to adipose tissue regadibebe ~ 89 % in
animal studies due to the direct storage pathway (Donato anceded&t85). Due
to CHO and PRO requiring fatty acid synthesis prior to adip oseaetiap -take, the
conversion to adipose tissue is lower with the reported efficiend&# % for CHO
and ~ 36 % for PRO (Donato and Hegsted, 1985), although it is difficult to degermi

the exact energy conversion efficiency.

2.1.3 Kinetic energy

Kinetic energy in this thesis will be referred to as the momernéa specific body
part as a direct result of chemical energy enabling muscolatraction (Nigg,
Stefanyshyn and Denoth, 2000). In a cycling context the circular moverhéne
legs predominantly in the sagttal plane, is the dominant kiretecgy used to
produce force at the pedals and cranks, with additional movement alvibietpeso,
arms and head being considered in the majority unhelpful for mffiderce
production. Effective cycling technique can be further determined bglitdation

of the force applied during a pedal cycle, known as effective fm@duction (Bini,
Hume, Croft anKilding, 2013). Unlike the majority of kinetic motion, the pedalling

movement in the legs during seated cycling can largely be contralieccomsistent
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bicycle set-up, making cycling a highly reproducible exercise tlie study of
changes in energy expenditure (Ericson, Nisell and Nemeth, 1988).abheundle
of kinetic energy while cycling is largely dependent on legef@ied cadence, with
cadence providing a measure of the rate of leg turnover per miewteirfi’) and a

measure of the change in kinetic energy due to leg mass stability.

2.1.4 Mechanical energy

Mechanical energy is a form of kinetic energy which involves tbeement of a
machine and or its respective parts (Wiser, 2000); in this tims®)janical energy
will therefore be used to refer to the movement of external olgeds as bicycle
wheels, handlebars, cranks and pedals. Power output provides a measioee of
mechanical energy that is applied by the cyclist to the pedals agplorted in Watts
(Wmin'!). When measured at the cranks, power is calculated by the torgee for
multiplied by the angular velocity of the crank arm. The mecharnalgy applied

to the crank is then transferred to the wheels via a chain to the Hubreéit wheel.
This transference of energy to the wheels results in thestcyrid bicycle being
propelled forward. Mechanical energy is also used to steerarettcimbalance
while riding, although considered a necessary use of kinetic and methemgrgy,

this movement does not aid cycling speed and will be considered non-erssfoy .

2.1.5 Mechanical Potential energy

Mechanical energy is also affected by the sum of kinetic and potsrdigy acting

on an object due to its motion or position (Whiting and Zernicke, 280&hanical
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potential energy is equivalent to mass (kg) multiplied by gtamital acceleration
(9.8 m.9) and by the change in height of the centre of mass (m); within a roédgcy
context this can be explained when a cyclist is riding up and olidlr H a cyclist
was to maintain the same power output but the gradient of the rasged¢h&om
being level to an incline, the cyclist would have a reduction in mezdaenergy
reducing horizontal speed, but would gain potential energy (body masplied
by the change in altitude) (Swain, 1994). Due to the mass component, reducing body
mass would reduce the amount of potential energy achieved for tleehsaght
elevation, but then would also reduce the force required to achieve théeigmte
(Kyle, 2003). This saving of energy to reach the top of the hill wouldeheficial
as the gain in potential energy from having a higher mass wouksdehan the
energy saved with alighter mass due to the second law of thermody raotestial
energy is also presented in respective to the crank arm goositith the greatest

potential energy when the crank arm is at top dead cdrgerd 2.1).

Top dead centre (0°) (90°) Bottom dead centre (180°)

Zero potential
energy

Maximum Half potential
potential energy energy

Figure 2.1Change in crank potential energy from top dead centre to bottom dead

centre.
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2.1.6 Heat energy

Humans are an example of a homeotherm (animal that maintainstantaevated
body temperature) where heat energy makes up the largest anfiduarisferred
energy. Core body temperature has a very narrow optimal rangeeheB8.4 and
37.3 °C icoll, 2002),with excess heat energy that is not required to maintain core
body temperature, considered unusable enerdyeervagen, 2003) The
environmental temperature has a large influence on the amount gyf eequired

to maintain core body temperature, with colder conditions substantialigasing

the need for the amount of heat energy required to maintain core bquraimne

Heat is transferred in three main ways; conduction, radiation andretiap. Heat

is predominantly transferred to the environment via the skin, with &leat
transferred through the respiratory tract during breathing anddfetiex of waste
products. Although heat transference in the body is often assumed to be
predominantly a dissipation of heat to the environment, radiation and cemduct
energy transference mechanics can also result in the body gaesgnergy if the
environment is hotter than the body’s periphery. The below equation explains and

sums all of the potential factors that influence the total amoun¢atfexchange.

Jo-totar = [K = (T, — Ts)] — [(580 kcal - L) - Ju,0]

Equation 1. Potential heat exchange factors. Whese:,,,, = Total heat

exchange, K =the combined constant of the thickness of the skin, subcutaneous
body fat, thermal conductiveness and radiatiBp= ambient temperaturds =

skin temperaturef,, , = rate of evaporation (Schafer, 2003).
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The skin and subcutaneous body fat have a key role in determining tlaingsul
ability of the overall energy system boundary and the subsequenbnesisto
change of core body temperature relative to the environmental conditlombody
is able to regulate heat dissipation to the environment under>a pdilgsiological
control system, which adjusts the flow of cutaneous blood to the perifftenell,
1977) Consequently skin and fat thickness as well as skin temp eraatuesfén all
of the separate energy transference equations (Schafer, 20033kek thisulating
layer is considered beneficial in a cold environment, but has a negtfieece on the
ability to dissipate heat in hotter environments or when exercisingesan increase
in the amount of heat production. Convection is also a key factor thaiaraase
the rate of evaporation and conductive heat dissipation by reducindgfdtieve
thickness of insulating layers (both biologcal and manmade). Convedion |
particularly influential while cycling due to the fast meanlingcspeeds reported in
professional races (> 40 Kmit, Helou et al 2010) that are often combined with

varying wind conditions.

2.2 Energy expenditure

The process to determine the specific efficiency of eactgyerteansfer within the
human body from consumption of food to mechanical energy is extremeiyultff
although theoretically possible to estimate. Therefore, spoerstists commonly
utilise measures of whole organism energy expenditure. Total eakrgy
expenditure (TDEE) is the total amount of energy over a 24 howdpaerid is
broadly divided into four main types; Basal metabolic rate (BMR);exarcising
activity thermogenesis (NEAT), thermic effect of food (TEF) erefcising activity

thermogenesis (EAT). These can be simplified to restingyereqgenditure (REE)
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and non-resting energy expenditure components (NREE) (Trexeth-Bgan and

Norton, 2014 (Figure 2.2).

100 1
904 TEF
80
70
60
50

- NREE

40
30
20
10

0

% of TDEE

- REE

Figure 2.2 Components of total daily energy expenditure (TDEE) adapted from
Trexer, Smith-Ryan and Norton (2014ote: BMR, basal metabolic rate, NEAT,
non-exercise activity thermogenesis, TEF, thermic effectoodl,f EAT, exercise
activity thermogenesis, NREE, non-resting energy expenditure, iREfihg energy

expenditure.

2.2.1 Calorimetry measurement

The Gold standard of the measurement of TDEE is doubly labelled, \Wwateever
this method is expensive and difficult to standardise the NREE comiponé&ee
living conditions. Consequently, direct and indirect calorimetry prowade
alternative measure, which can better differentiate betweenothgonent parts of
TDEE. In particular, the EAT component of NREE and REE comprisendjaity

of the energy expenditure research, with only small ireseas the rate of REE
having the greatest potential to increase TDEE, as it enceagpasich a substantial
proportion (Landsberget al, 2009). Exercise activity thermogenesis on the other

hand tends to be explored from both a health and a performance pesspelire
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either an increase in the rate of EAT would be beneficial for wegst-br reducing
the rate of EAT would be beneficial when energy availability imigihg factor for

performance.

2.2.2 Indirect Calorimetry

Indirect calorimetry is the most accessible, widely used arghtie estimation of
energy expenditure due to the vast level of specialised equipmeiiredefor direct
calorimetry (Kaiyala and Ramsay, 2011). The calculation of enemggnéiture via
indirect calorimetry is based on the principle thaygn consumption (VO2)
directly reflects ATP-turnover (Medbo, 2008; Cangey and Ansley, 2009% Thi
principle is based on the assumption that there is a lineationghip between
oxygen consumption (oxidation) and ATP resynthesis (phosphorylatitthpugh

this is largely true, the exact ratio of VCO2 to VO2 to re-synthesise ATP is also
dependent on the macronutrient oxdised and the respiratory pathway £&atr,

Rey, Selman, and Metcalfe 2015). The Respiratory Quotient (RQ) deBgeibes

the ratio ofVCO2/VO2 at the cellular level, whereas the Respiratory Exchange Ratio
(RER) is the measured pulmonary ratio, measured with eithect dir indirect
calorimetry. The RER is only assumed equivalent of RQ when theretabolic
equilibrium duringrest or exercise. Steady -state exercise is essential to allow time

for both VO2 (2-3 minutes) and VCO2 (5 minutes) components to equilibrate (Whipp
and Wasserman, 1972). The RQ value for CHO is 1.0, because an equal number of
O2 molecules are required in relation to the number ob @®lecules that are
produced. Bt contains more carbon and hydrogen atoms than CHO and so requires
more Q relative to the number of produced £®ypically resulting in an RQ value

of 0.7. Protein oxidation has an RQ value of ~ 0.85 however, the degradation of PRO
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for energy is often assumed to be consistent and negligble withralre positive
energy balance (Rehrer, Hellemans, Rolleston, Rush and Miller, 2010y &dhe
RER > 1.0 is recorded, the assumption of a negligible anaerobic bcdiwtmi is
violated, and as anaerobic energy expenditure cannot currently isfactatly
calculated, energy expenditure calculations are restrictedbtmaximal intensities
(Medbo, 2008; Candey and Ansley, 2009). Within the calculation of energy
ependiture, VO2is more influential due to the limited range of RER having only a
maxmum 8 % influence on energy expenditure (Péronnet and Massitoal).
Ventilation (VE) and oxygen extraction are the two constitugmhponents of VO 2,
making-up the second tier of oxygen uptake, with ventilation able toirtieer
divided into breathing frequency and tidal volume (third tier). Despieect
calorimetry being able to provide the breakdown of the constituent elemgWves,
energy expenditure below the first tier of RER and VO2 are rarely reportedigure

2.3).

Energy
expenditure

% : Ventilation
extraction
¥ 1
Breathing Tidal
frequency volume

Figure 2.3Breakdown of energy expenditure measurement via indirect

calorimetry. Note:RER, respiratory exchange ratio, VO2, oxygen uptake.
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2.2.3 Basal metabolic rate and resting metabolic rate

Basal metabolic rate is the rate that the body uses energstainslife at rest in a
post-absorptive state in a thermoneutral environment and presentewiraim *
(Berdanier, Berdanier and Zempleni, 2009). It can be separated inemehgy
required to maintain cellular structure and function (essentiabyerependiture)

and energy required to maintain core body temperature described asHhesmgot
(Landsberg, Young, Leonard, Linsenmeier and Turek, 2009). Homeothermy has
been calculated to make-up ~ 2/3rds of BMR, making the transferencet bbtiea

to and from the environment a key consideration for BM R measuremerdardi@ir

and Stock 1983). In order to ensure an accurate BMR the protocol requires a 12 hour
fasting period to guarantee a post-absorptive state, with mesmnir conducted
while lying in a motionless and supine position, ideally soon aftekeming from
sleep in the morning. Due to the strict controls of BMR, an overrsthy is
commonly employed to ensure stringent adherence, however this retpsigrsat ed
facilities and substantial expense that is often impractaflo, Larson, Bogardus
and Ravussin, 1990). Despite the legtimacy and reported < 1 %owettoBMR
measurement (Donahoo, Levine and Melanson, 2004), resting metabo(iR VR

is more frequently used, as it provides a more practical meth@sdessing energy
expenditure, which requires a less stringent protocol with ory4ahour fast.
Although RMR has been described as up to 10 % higher than BMR (Nationa
Research Council, 1989), RMR is arguably a better representatiarreaf world
scenario. Despite RMR, REE and BMR often used interchangeably,rmh&R

is correctly used when describing the rate of resting enerdgcaimin™, whereas
REE is used to describe resting energy when extrapolated ®4haur period

(Manore, Meyer, Hompson, 2009). Resting energy expenditure compskesgest
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component of TDEE (~ 80 %) for the vast majority of the population (Niesharh,

2006; Landsberget al 2009) and despite makingup a smaller proportion when high
volumes of exercise are conducted, REE has the potential to havestansial
influence on TDEE. Numerous factors can influence RMR, with a sumaidtye

key variables presented iffable 2.1). Most notably, ét-free mass (FFM) has the
largest influence on RMR according to an amalgamation of posdiequations
composed by Sabounchi, Rahmandad and Ammerman (2013), with total mass being
the next strongest predictor and fat-mass adding a small inmpeaveto the

prediction.
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Table 2.1The key factors that influence resting metabolic rate.

Factor Effect on resting metabolic rate (RMR)
Body Size
Body mass TRMR with Tbody mass (Hulbert and Else, 2004)

Fat-free mass (FFM) TRMR withTFFM (Hulbert and Else, 2004)

Fat mass TRMR due tdifat mass (weaker relationship) (Sabounch
Rahmandad & Ammerman, 2013),

Age IRMR with T age following full maturation, withFFM
the likely cause (Lazzeet al, 2010)

Gender Males have a higher RMR even after accounting for FF
(Sabounchi, Rahmandad & Ammerman 2013)

Genetics Variation in RMR explained by familial relationship

(Bogardusetal.,, 1986), regression analysis suggested
genetics may account for the 15 % unexplained variatic
in TDEE (Weyer, Snitker, Rising, Bogardus, Ravussin,
1999).

Environmental

TBMR with | Temperature (Leonardt al, 2002)

Physical activity
Cardiovascular
fithess

Acute exercise

~BMR with TVOzmax following 9 weeks of aerobic
training (Binghamet al, 1989)

TRMR (~3 %) 48 hours following high intensity exercise
(Williamson & Kirwan, 1997)

Physiological factors
Body temperature

Severe dieting/
starvation

Short term VLCD +
aerobic training

10-13 %TRMR with each 1°C body temperature (Du
Bois 1921, cited in Landsberg, Young, Leonard,
Linsenmeier & Turek, 2009).

IRMR when accounting faifat mass and FFM (Dulloo &
Jacquet 1998)

Aerobic training only margnallyTRMR from a 13 %

reduction (severe calorie restriction) toa 12 % reductiol
(Henson, Poole, Donahoe and Heber, 1987).

Feasting or TRMR by ~11 % with an additional 1500 kdaly* above

overeating energy balance (Apfelbaum, Bostsarron & Lacatis, 197

lllness and injury TRMR (Long, Schaffel, Geiger, Schillé& Blakemore,
1979)

Caffeine 100 mgTRMR by 3-4 % (Dulloo, Geissler, Horton, Collir
& Miller, 1989).

Smoking; nicotine

Smokers have BRMR by 60 kcatlay* compared to non-
smokers adjusted for FFM (Blauet al, 2015)

Adapted and updated from Manore, Meyer and Hompson (28099: RMR,
resting metabolic rate, BMR, basal metabolic rate, FFM ,dat fnass, TDEE, total
dailly energy expenditure, VLCD, very low calorie deficit (< 800 kcalddfea,
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Byrne and Krauthamer-Ewing, 2006). Where studies have measured BMR, BMR
has been prioritised over RMR.

2.2.4 Exercise Activity Thermogenesis (EAT)

Exercise activity thermogenesis is comprised exclusively dfomdl sporting-like
exercise energy expenditure (Levine, Vander Weg, Hill, Klesg&06). Despite
EAT tending to make up the smallest contribution of TDEE, in elitdetes and
dedicated amateur participants the proportion of EAT can be sualtahigher.
Exercise activity thermogenesis is therefore particuladievant for competitive
athletes and participants due to limited glycogen storage amabkvdlood glucose
for prolonged endurance performance (Devlin and Williams, 2005). EAT als
provides an indication of the level of adaptation that may have atcdrre to an
increase in training volume and or intensity. Exercise intensityalséng positive
association with EAT and so is rarely reported in isolation withotht a mode of
exercise and steady-state intensity (Pritzlaff, 2000). Due to lftéed movement
allowed by metabolic cart based indirect calorimetry devices, niferity of
research has focussed almost exclusively on treadmill walkimjyrg and cycle
ergometers. EAT is frequently measured with power values tdaagedbe intensity
and total work completed, to enable whole organism efficiencyla@dn that is

also referred to as metabolic efficiency (Hintzy, Mourot, PemelyTardi, 2005).

2.3 Efficiency

Whole organism efficiency provides a measure of the abilitgpotvert chemical

energy into mechanical energy and is defined as the ratio of worktd@amergy
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expended (Gaesser and Brooks, 1975). The work done refers specifecale
power applied to the cranks verses total chemical energy expended therefore
ameasure of effective work (Faria, Parker and Faria, 2005)edsisimed that whole-
organism efficiency measurement is satisfactorily sensit\aetect a gobal change
in efficiency, with smaller changes in energy conversion both positigdenegative
only detectable when the sum of the changes results in an overall changesuis a
measuring only a single efficiency value reduces the poecign terms of the
location of changes in energy conversion efficiency, with the additarh@érability
that an equal cellular positive improvement could be cancelled oah lBgual
negative change at a different location along the energy tratisdgr. Nonetheless,
it is based on the notion that an overall change in efficiency ore melevant for

performance than likely smaller cellular changes.

Work done
Energy expenditure

Efficiency = ( ) %X 100

Equation 2. General efficiency (Gaesser and Brooks, 1975)

There are four main equations used to calculate cycling effigieBeoss (GE) has
no baseline correction, Net (NE) corrects for RMR, Delta (bd&)yects for the
previous work rate energy, and Work (WE) corrects for the enexqyired to turn

unloaded cranks (0 Watts) (Gaesser and Brooks 1975; M aamsteyeukendrup,

2001; Hintzyet al, 2005). Efficiency can be presented as a ratio out of 1 or presented

as a percentage, which is the most commonly reported form.
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2.3.1 Gross efficiency

Gross efficiency is the most frequently reported calculatiGaegser and Brooks
1975), and is one of the more sensitive and reliable measures wherhalisnetere
reviewed by Hintzy, Mourot, Perrey and Tordi (2005). However, grosseafly
shows evidence of distorting the linear relationship between sirogeavork rate

and energy expenditure (Cavanagh and Kram, 1985). This phenomenon is caused
largely by RMR making-up a smaller relative proportion ofiteiargy expenditure

as work rate increases, and as a result becomes more exdjgdrathigher the
workload (Gaesser and Brooks, 1975; Pool 1988). Gross efficiency values wer
orignally reported by Gaesser and Brooks (1975) to range between 7.%20.4
however in competitive cyclists this range has been reported tivioechel8-23 %
(Coyleet al, 1992), with a gross efficiency mean value as high as 24.4 % akporte
in well trained triathletes (< 30 years of age) (Brisswalféu, Sultana, Bernard and
Abbiss, 2014). The purported reasons for the discrepancies are @ahdatgely

due to; the equipment used to measure both energy expenditure and pewaudn-t
maximal workload intensitfduration and the fitness of the participant. While gross
efficiency is limited to submaxmal intensities eliciting RER < 1.0, efficiency has
been measured up to 80 % of maximum minute poweef{MlLucia, Hoyos, Perez,
Santalla and Chicharro, 2002), indicating that a wide range of intensisyneesent

is possible.

Power output

Gross ef ficiency = ( ) x 100

Total energy expenditure

Equation 3. Gross efficiency (Mosely and Jeukendrup, 2000)
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2.3.2 Net efficiency

To overcome the non-linear relationship seen with gross effiGienet efficiency
provides a potential solution by subtracting RMR (Moseley and Jeuken2id0g).
Due to RMR being an additional measure of energy expenditure theredgdncam
increased possibility of error and variability within the netcieficy calculation.
The length of time and protocol used to determine RMR has a galabfdeariety
and has been reported to be as much as 50 minutes (20 minutes restingmmahim
30 minutes recording, Potteiger, Kirk, Jacobsen and Donnelly, 2008), butaadlittl
20 minutes (Segal, 1987) and 10 minutes (Nieraamal, 2006),with some time
petiods undetermined based on stability of VO2 and VCOz2 values (Ramires, 2012).
Consequently, there is a need to determine a valid and consistad foerRMR
measurement. Net efficiency ranges from 24.81.3 % in physically fit males
(Greenet al, 2000) and due to baseline correction, is frequently reported to be abov
the greatest possible physiologcal efficiency (29 %) (Hi892; cited in Hintzy,
Mourot, Perrey and Tordi 2005), this is one of the biggest criticisfral baseline
corrected equations. Although the RMR subtraction should largely cdaethe
parabolic issue seen in gross efficiency, it is based on thegeitbat the RMR to
maintain homeostasis at rest is equal to the resting metabtdicduring exercise.
However, during exercise the essential metabolic rate iy litelchange with
reductions of blood supply to the gastrointestinal tract, increasesoid tibw to the
skeletal and cardiac muscle, mobilisation of gycogen storage ramebses in
ventilation (Mosely and Juekendrup 2001). Despite the issues surrounding net
efficiency calculation, it enables a more detailed determmabf the source of

potential changes in efficiency.

23


javascript:__doLinkPostBack('','ss~~AR%20%22Moseley,%20L.%22%7C%7Csl~~rl','');
javascript:__doLinkPostBack('','ss~~AR%20%22Jeukendrup,%20A.E.%22%7C%7Csl~~rl','');

Power output

Net ef ficiency = ( ) x 100

Energy expenditure — RMR

(Mosely and Jeukendrup, 2000)

Equation 4. Net efficiency. Where: RMR, resting metabolic rate.

2.3.3 Work efficiency

The next level of correction for cycling efficiency is work@éincy that addresses
two main issues with net efficiency calculation, 1) that RMRneasured in the
supine position and not in an upright cycling posture and 2) does not acootime f
kinetic energy that is required to move the legs in a cydiwation below which
provides mechanical energy. It was argued by Cavanagh and Kram (h885)
accounting for the kinetic energy required to move the legs with unloadekls¢
provides a more accurate representation of force productioeretfici Due to the
additional energy correction, work efficiency provides much highécieefcy
values (32-33 % Hintzy, Mourot, Perrey and Tordi 2005) compared to gross and net
efficiency, further exacerbating the unrealistic repregen of mechanical
efficiency (Ettema and Loras, 2009). In addition, work efficiency biees described

as less sensitive to change in comparison to gross and neneffictalculations
(Hintzy, Mourot, Perrey and Tordi 2005). The measurement of energndiiare

with unloaded cranks also poses a rather unique and arguably unnatural mpveme
where participants have to combat the increase in angular yeldaiing the
lowering phase of the cranks; due to the gain in mechanical potamtigly at top
dead centre. This movement therefore requires additional energy irttaimaa

consistent cadence to control the angular velocity of the cranks.ndixge
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additional energy not only inflates the subtracted work energy, witiflciadly
improves efficiency jt also likely causes an increase in theinter-participant variatio
(due to differences in technique and leg mass variation). Since thetfoslow the
uncoupled cranks is applied in the opposite direction to effective foraduction,
the bearing of the correction is also considered limited (Bini, éju@roft and

Kilding, 2013).

Power output

Work ef ficiency = ( ) x 100

EE — Energy to turn unloaded cranks

Equation 5. Work efficiency (Mosely and Jeukendrup, 2000)

2.3.4 Delta efficiency

A final alternative calculation to correct for varying degreesesting metabolism,
cycling position and kinetic energy is delta efficiency. Deftaiency proposed by
Gaesser and Brooks (1975) determines efficiency by the change ingnolnwetrange
in energy expenditure between two different steady-state inksndievertheless,
more recently, delta efficiency is calculated as thepmecal slope of the linear
relationship between energy expenditure and work rate (Coyle,sBSidétorowitz
and Beltz, 1992). Although the delta calculation addresses the issuesnd matrk
efficiency calculations, delta efficiency has been arguede tless valid because the
relative contribution of unusable energy decreases at higher sexeirensities

(Moseley and Jeukendrup 2001).
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Power output, — Power output,

Delta ef ficiency = ( ) x 100

Energy expenditure, — Energy expenditure,

Equation 6. Delta efficiency (Gaesser and Brooks, 1975)

2.3.5 Economy

Cycling economy (WOz*min?) is defined as the ratio of power outputifw )

to oxygen consumptionvVOzmin) (Bertucci, 2012) and provides an alternative
calculation to assess effective work. This simplified calmdatdoes not take into
account macronutrient contribution and so is considered less accurat e itieancgff
calculation, because of this, cycling economy tends to be reservedxef@ise
intensities, which induce an RER value > 1.0. Although the anaerobicatEspi
contribution remains indeterminate, cycling economy allows for thelaon at

higher performance intensities (albeit with the anaerobic comp anepiantified).

Power output)

Economy = < Vo
2

Equation 7. Cycling economyWhere: VO2, oxygen uptake.
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CHAPTER 3: FACTORS INFLUENCING EFFICIENCY AND THE LI NK

WITH PERFORMANCE

This chapter will summarise and evaluate the current researalounding the
factors that can influence efficency, and as a result highligotentially
confounding variables for this research. In addition cycling performanitelsei be
reviewed in relation to the theoretical and empirical reseancfownding efficien cy
and performance. Se&ppendix 1 for an extensive multi-variable illustration of the

factors that can influence cycling efficiency.

3.1 Physical Factors influencing efficiency

3.1.1 Environmental

Core body temperature can increase as a direct result of aaseacm work rate,
temperature, humidity, subcutaneous body fat and utilizing insulatindpirapt
Temperature is a recognised factor that can influence musouketion (Ranatunga,
1998) with temperature reported to have a negative linear reldponsith
efficency above optimal levels (Daanest al, 2006). Increases in core body
temperature have received the greatest efficiency rbsaaterest; most likely due
to the cycling race season taking place in warm climatex yaind in both
hemispheres. Segmental and whole body pre-warming/cooling studgesbban
used to investigate the notion that efficiency is affected Impéeature, however
discrepancies remain regarding the magnitude and at timedirbdocgon of the
change (Ferguson, Ball, Sargeant, 2002). The more commonly reportetyeegat
association with body temperature and efficiency is currentlgrideel to be as a

result of two separate mechanisms. At a cellular level thtgsrized that an increase
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in heat above optimal levels can increase the proton-leakagss atine inner
mitochondrial membrane (Willis and Jackman 1994). Proton-leakageficslgci
results in a lower ratio of ADP molecules being phosphorylatedpenolecule,
which adversely affects molecular efficiency. The second tlwemgernsthe body’s
autonomic response to an increase in core body temperature, whetabgoas
vasodilation in the peripheral veins aim to increase heat dissipfabm the system
boundary (Hettingaet al, 2007). Although the exact mechanism remains up for
debate, one theory is that reduced venous return to the alveolar coenp athaces
blood pressure and reduces the rate tha VCO2 is expelled, which increasethe
amount of VCO2 present in the blood known as hypercapnia (Wingo, Low, Keller

and Crandall, 2008). This increase in VCO2 in the veins drives increased ventilation
(Serebrovskaya, 1992) and additional/initial cutaneous blood flow (Wingo, Low,
Keller and Crandall, 2008) resulting in a higher energy cost torperthe same
work or power (Hettingaet al, 2007). Fujiet al, (1985) provided empirical
evidence to support this mechanism by inducing voluntary hypocapnia via
hyperventilation which resulted in a higher cutaneous blood flow threstlative

to core body temperature. A preliminary study by Bertucci, Arfadanson and
Polidori (2013) supports the cutaneous blood supply theory in direct retatian
reduced efficiency, however further research is required to protatestical
strength, with little conclusive evidence directly confirming eatieg association
between sub-optimal temperature and a reduced efficiency. Niessthéhere is
evidence to suggest that fluctuations in core body temperature tmeetanfluence

on performance through a reduction in power output. Tatterson, Hahn, leraiftin
Febbraio (2000) desceld a 6.5 % reduction in power over a 30 minute time-trial

(TT) and Tucker, Rauch, Harley and Noakes (2004) described a 6.5 %mednocti
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power over a 20 km TT. One reason to explain the reduction in power at sulaoptim
temperature has been attributed to a central nervous systertioeguieffort, to
limit further increases in core temperature (Hettiegal, 2007) If this is the case,

it is likely that efficiency would also be negatively aféett due to a reduction in
power output. Bailey and ®Blagan (2014) also reported a reduction in TT power of
4 % (albeit not significantly), but reported a significant effexthe pacing strategy
as a result of a change in environmental temperature (hot environmengylyusiit
mean power decreased with time, cool environment; split poweraged with
time). The breakdown of the pacing strategy used during the performarfoetiier
supports a power regulation theory whereby the workload is reducdderiaade
heat accumulation. In this thesis laboratory temperature andraiection will be
standardized with an air conditioning unit and a large fan to aid lesgbation and

to more closely simulate real-world cycling. Environmental conditemeshowever,
difficult to control in an outdoor field testing environment and thereforeditions

will be monitored closely, cutoff thresholds established and diffeseicoasidered

within the analysis.

3.1.2 Pedal cadence

Cadence is a fundamental component of the calculation to derive powet andp
has a direct link with the kinetic energy cost of the cyclicaliryanotion (Broker,
2003). As a consequence, research has explored the link between cadiersre;yef
and performance in order to determine the optimal cycling cadencecombept of
preferred cadence has been suggested tonot be wholly accurate murenaental

and physical factors often affecting the participants peefe choice such as;
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gradient, wind, gearing and competitors (Ansley and Cangey, 2009)pdbese
factors it has been argued that the drive to determine an optinwaipante cadence
is restricted to laboratory performance. Optimal cadencealoadtory environment
and from an efficiency perspective would result in a cadencentinemized the
metabolic cost of cycling (Ansley and Cangey, 2009). Energeticalbtimal
cadences have been described between 60-7mifréy (Takano, 1988; Coast and
Welch 1985) with cadences above or below this range being considered t@ have
higher metabolic cost for the same power output (Swain and WIlL88?). It is
important to note that the optimal metabolic efficiency isa®aslightly with
cycling experience, and that a preferred cadence has beetedepaih a much
higher mean range between 80-100-(n@v') (Marsh, Martin and Sanderson, 2000
Foss and Hallén 2005), but as large as 75-107eY) (Leirdal and Ettema, 2011),
which is outside of the reported metabolically optimal rangehodigh the vast
majority of the research would agree that lower cadences impfmienef, partly
attributable to an improvement in force effectiveness at lovdencas (Nickleberry
and Brooks, 1996Stebbins, Moore and Casazza, 2014), there is research that
contradicts this finding (Sidossis, Horowitz and Coyle, 1992). Consequietiths
been argued that what might be more metabolically efficietight notbe a cyclist’s
preferred cadence as lower more metabolically optimal caddresas been reported
to incur higher muscular stress and a greater perception of (@ffodased localized
sensations of fatigue) (Jameson and Ring 2@80Gley and Candey, 2009). It is
therefore hypothesised that the negative factors associatda awitincreased
metabolic cost with higher cadences, are outweighed by the positivesfguch as
reduced muscular stress reducing the feelings of fatigue (Fossaldéd 2005) and

the ability to accelerate (Ansley and Cangey, 2009). As a rd#idt could hae
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implications for measuring efficiency or economy during performascepposed to

a steady-state noncompetitive environment. It is important to cortsidezoncept

of cadence as being multi-dependent, where the optimal metabolic ecasherycnot

be the preferred optimal performance cadence. Despite debabeinding optimal
cadence, the research confirms that oxygen uptake and subsequentgy ener
expenditure and efficiency are significantly influenced by cadéReeguson, Ball
and Sargeant, 2002). To remove the possibility of cadence as a confoundingalphysi
variable within this thesis, cadence was standardized using redaéiebitual
cadence that will be maintained throughout testing due to the paricem
component. While it is useful to maintain cadence within a narrow rangecantrol
measure for testing purposes, itis considered essentiabwofall natural variation
Studies which employ a fixed cadence (Stebbins, Moore and Casazza)&0b4,
Berg, Slivka and Noble, 2013), risk reducing ecological validityoasl and track
time-trial events, can be quite variable (Lucia, Hoyos and Chichaf01). Where

a consistent cadence is difficult to maintain, for instance loh fieals, cadence will

be added as a covariate to adjust for differences between trials.

3.1.3 Bicycle chain transmission efficiency

Due to the moving parts within bicycle and cycle ergometers,ertbgly transfer
from the pedals to the resultant mechanical energy of the bisjreel or flywheel
can affect the amount of force transferred and recorded. Thisirdy nadme to
frictional transference of energy with specific factors sash wear and debris
between chain and sprockets, sprocket size, chain tension, lubricatiochaand
offset (non-parallel positioning of chain relative to bicycle) tke above listed

variables only sprocket size-&% with smaller sprockets) and chain tension (1.4 %
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with maximal tension and up to 19.1% with minimal tension) have been edport
significantly affect frictional losses within chain transnaies (Spicer, Richardson,
Ehrlich and Bernstein, 2000). In a laboratory setting mechanicalierffy is
reasonably stable with minimal and likely consistent chain trasgmi frictional
losses if the same ergometer is used throughout testing and is img&timed. Using
the same typeof ergometer is particularly important as coasidedifferences have
been stated when comparing between ergometers that use a fflpndheébose that
do not (Bertucci, Betik, Duc and Grappe, 2012). This difference iswdd to an
increased inertial load within the ergometers that use a fslwinaking the
maintenance of power less physiologcally demanding (Hansen, d&orgelensen,
Fregly and Sjogaard, 2002). If comparing efficiency between aalaygrergometer
and a participant’s road bicycle it is likely that there are differences in the energy
transfer between bicycles. Due to the above factors that can thféeefficiency of
the energy transfer, the location of the power measuring devigeedse force
application (pedals) to force output (wheel) will also have dngean the ratio of
recorded force to actual force. To combat potential discrepabeitygeen bicycles
and measuring devices, adjustments will be made based on previabgityeli
testing (Bertucci, Duc, Villerius, Pernin and Grappe, 2005) and lavgrapecific

testing.

3.1.4 Power output

Gross efficiency is widely accepted to have a positive iaswoc with workload
(Leirdal and Ettema, 2009); predominantly due to the RMR component of axercis
energy expenditure making up a smaller relative proportion essity increases

(Gaesser and Brooks, 1975; Cavanagh and Kram, 1985). This relationshgptés sai
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continue up to 200 W at which it plateaus (Moseley and Jeukendrup, 2001). The
plateau in part can be explained by a natural tendency for cadenogetse with
work rate (Leirdal and Ettema, 2009), which in turn reduces -effedoree
production (Leirdal and Ettema, 2011), counteracting the improvementcianatfy .
Differences between workload intensities is a key reason witierfly values
between studies can vary greatly, particularly when comp asirgedr verses novice
participants (Amati, Dubé, Shay and Goodpaster, 2008; Hopker, Jobsan, adat
Passfield, 2010). Studies that compare absolute intensities endutieethhsolute
work is comparable between participants, but do not take into acchantart
absolute workload intensity could be at a higher relative proportiopatigipants
Wmax. Depending on the fitness/cycling experience of the pamispahis can also
limit the range of the intensities that can be explored to ensur&Rrn<RL.0 for all
participants at all workloads (Hopket al, 2013). More recently, studies have
combined both absolute and relative exercise intensities to countbeadhter-
individual differences with absolute intensity measurement (Hoetket, 2013).
The combination of both absolute and relative exercise intensity ases dibr the
provision to re-assess the relative work load post intervention, enshanchanges
in Wmax are accounted while having an absolute measure of efficiencyallfor
participants at the same workload. Due to efficiency calomatieing limited at the
higher intensities, efficency measurement has rarely been ¢edddaring real-
world TT or even simulated laboratory TT’s, resulting in limited research
surrounding efficiency at a TT power intensity. Regulatory fesdbmechanisms
vary work load intensities during a TT, and as a result TT pasingrely linear
when power and time are blinded (Bailey andH@gan, 2014)ThereforeTT’s pose

issues for efficiency and economy assessment, as they areeady-state and can
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often result in an RER value > 1. Although there are mathematiadels to
normalize power lasting > 20 minutes (Allen and Coggan, 2010), theratburnse
no satisfactory method to normalize power < 20 minutes and the inflaEmeeying

power on efficiency and economy remains unknown.

3.1.5 Cycling position

Cycling position can broadly be divided into three key positioning comp orierés;
flexion, torso ange (relative tothe horizontal) and hand positioning, vatechased

on the three contact points when cycling, pedals, seat and hand{éliars and
Cheung, 2012). Knee flexon is perhaps the most important factorofce f
application and can be altered with crank length, seat tube hemgi¢, and the
longitudinal foot position in relation to the pedal (Gonzalez and Hull, 1989)
Alterations in knee flexion above and below optimal can alter the ngstion at

the knee, hip and ankle (Ericson, Nisell and Nemeth, 1988), with below otieel
anges reported tocause a greater resultant force but lowereffectiveness, which

is likely to lower efficiency for the same absolute work intgn&Bini, Hume and
Kilding, 2014). A reduction in effective power due to suboptimal kneerfiexs
principally theorised due to the length-tension relationship and enuszinent arm
lengths within the quadriceps muscles having an impact on the bpigia to
produce force (Jobson, Nevill, George, Jeukendrup and Passfield, 2008).
Conversely, Price and Donne (1997) found no effect of changes in knee flexdon as
result of alterations in seat height but found a significant imprewein efficiency

at steeper seat anges in spite of changes in knee ange. Thé¢ssubage seat angle
and the positioning of the hips relative to the cranks is more intlidoti efficient

movement than knee flexion alone.
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Torso ange has the ability to influence force production, through sulkapgtim
ange reducing the force of the guteal muscles and a reducticardiac output
(Leyk, Essfeld, Hoffmann, Wunderlich, Baum and Stegemann, ; 16B4on, Neuvill,
George, Jeukendrup, Passfield, 2008). However, torso ange did not hafectn ef
on force effectiveness nor gross efficiency in a study by Leadd Ettema (2011).
Despite increased torso ange having the potential to ndgativilience power and
efficiency, studies have shown that as long as the position ise@p edficiency is

highly reproducible (Jobson, Nevill, George and Jeukendrup, Passfield, 2008).

Hand positioning is mainly concerned with altering the frontal siréaea and drag
coefficient, and is therefore more paramount when cycling outdoors apdegats >
14 ms?, due toair resistive forces making-up 90 % of total resistivesf@febraux,
Grappe, Manolova and Bertucci, 2011). In a laboratory environment however, the
difference in energy cost from a handle bar top and a handle bar asbmphave
been reported to have no effect on energy expenditure calculatiorssh@R and
Stray-Gundersen, 1991). It is important to note that although all tbneeonents
of body position have the potential to alter efficiency, and could bsedtitio ensure
the most metabolically efficient cycling position, due to the subsatagins that can
be made with a more aerodynamic positon, bicycle set-up is preaftiyi
motivated by reducing aerodynamic resistive forces, with efigienften a lower

priority (Fintelman, Sterling, Hemida and Li, 2014).

Consistent bicycle set-up can be easily ensured in both a temtithgfield
environment, however the exact position of the participant on the bicgruieot be
completely fixed due to small but possible variations in reggspdaovement on the
saddle, elbow flexion, head position and hand positioning (Allen and Cheung, 2012).

Despite similar ergometer set-up in the laboratory, thetdimibut possible
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movement on a bicycle has anecdotally been reported to result tidppats
assuming a more upright position in comparison to field positionoizs@h, Nevill,
George, Jeukendrup and Passfield, 2008). This was attributed to thenaenody
advantages that can be gained in the field condition having littleitb@mehe
laboratory and therefore the more physiologcally advantageousghipprosition

being adopted (Fintelman, Sterling, Hemida and Li, 2014). Although this
phenomenon has the potential to confound laboratory and field comparisons the
effects of altering torso ange and hand positioning on efficienaye reported
negligible findings. Therefore in this thesis the bicycle sedthandlebar position,
along with the use of the same pedals will be closely regdicad minimize cycling

positioral factors.

3.1.6 Body Mass and composition

Cycling is considered a non-weight bearing activity when seatedh wddaces the
impact of body mass on efficiency in comparison to other activitids asicunning.
Swain (1994) re-analysed data from a previous publication (Swain, 1989w f
that efficiency was not affected by body mass in trained cy.clisbwever, efficiency
was shown to be negatively associated with body mass during stateyciang in
novice participants (Berry, Storsteen and Woodard, 1993). Mass distmipbtit
specifically leg mass in novice participants was the @rgmeason attributed to the
higher energy expenditure in stationary cycling Hopker, Jobson,r Cantg
Passfield (2010) have also investigated lean leg mass in cawepelytclists and
found that it was negatively associated with gross efficienogspiective of intensity
(150 W, r =-0.59 and 180 W, r = -0.58). This result was attributed to a leger

mass reducing the kinetic cost of accelerating and decelerdiaiggs and a higher
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leg mass having the reverse consequence (Berry, Storsteen and Wd&&ad,
Furthermore, a reduction in mass at the more distal end of ti{edager the foot)
would reduce the energy cost more, than the same reduction in massncae
proximal location on the thigh. This is because mass has a lngwga at more
distal ends, due to the greater angular velocity and location taititecentre
(McGinnis, 2004). Total body mass should also be considered in terms of
composition, with fat mass being the primary constituent thatrednce mass
without having a negative influence on performance power. Currently thidnethe
study by Coyle (2005) which faced substantial criticism, therétls tesearch that
assess the influence of a reduced fat mass while maintainamg neass on
participants accustomed to cycling. Therefore, the Coyle (2005) pdpenly be
used during this thesis for the purpose of body composition referenceyotfat

changes in efficiency.

3.2 Physiological factors influencing _efficiency

3.2.1 Training

Training has been explored to influence efficiency on the prendpéht it can
improve the capacity to utilising 20~20-30%) (Sjogaard, Nielsen, Mikkelsen, Saltin
and Burke, 1982), increase work capacity (Gimenez, CerecedagesteculAug
and Laxenaire, 1982) and improve cycling technique (Ca@tlal 1991;Jones and
Carter, 2000). Research within this area has investigated both ebirgaand
intervention design studies to explore the effect of cyclingriexpee and various
training types. Comparative research design has investigatadiffénence between

trained and untrained participants with trained participants vepgrted to have a
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1.4 % higher efficiency across workloads than untrained (Hopker, Golemd
Wiles, 2007). Conversely, Moseley, Achten, Martin and Jeukendrup (2004) reported
no efficiency differences between elite and trained recredtioryclists, and
Nickleberry and Brooks (1996) also reported no differences betwesatien al
and competitive cyclists suggesting that even a basic levshimhg is sufficient to
reduce the detectable efficiency changes between participditis lack of
difference could be due to the reduced sensitivity of unpaired intgracative
statistics or could also suggest that training adaptions amenahi after an initial
period of training, explaining why a difference was only found batw®ovice and
trained participants (Hopker, Coleman and Wiles, 2007). Although cmopar
studies allow for potentially large training differences leenv participants, which
can span many years; due to the individualistic differences befpvasgopants the
descriptive data is often unable to explicitly determineaiifiing improves efficiency
(Hintzy, Mourot, Perrey and Tordi, 2005). Additionally, investigating thming
influence on efficiency in this observational manner is unable to acéoupbssible
genetic factors (Joyner and Coyle, 2008) and discrepancies withianadt or
competitive cyclists exercise history. The training undertakerthé lead-up to
testing could also be a factor where the intensity, mode and durati@nofg that
is conducted in the trained group could influence the results, with Hoptemeén
and Passfield (2009a) reporting a 1 % gross efficiency impeverover a
competitive season. The cycling training season is often divided smteral
periodized segments where training can vary from baseline endumanceerval
sprint training. The most frequent type of cycling training edpminantly
endurance based, with endurance training been shown to improve effigency

untrained female participants by 11 % for gross efficiency, @fet efficiency
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and an insignificant 2.4 % increase in work efficiency (Hintzy, Mquetrey and
Tordi, 2005). This study suggests that endurance training can impraaneifi in
untrained participants and suggests that gross efficiendheisnost sensitive to
change. However, because trained participants tend to be accustomelliremee
training, high intensity training has been suggested to be the mi@stt praining
stimulus in comparison to endurance training (Hawley and Stepto, 280dsdn
and Jenkins, 2002; Jobson, Hopker, Korff and Passfield, 2012). Although the
evidence is reasonably convincing for training being considered a keplerato
improve efficiency, Hopker, Coleman, Passfield and Wiles (2010) foatdthe
majority of the medium term efficiency gains were achievétr ahe initial
commencement of high intensity training (< 6 weeks 1.4 % improvement, < 12
weeks 1.6 % improvement in gross efficiency). This suggests thabpheviements
commonly reported as a result of a change in training may levedhrelatively
quickly and that the rate of improvement soon plateaus. Currentlg ighdittle
research assessing the long term effect of high intensityngaor the speed of
decline after high-intensity training ceases. In a recent-ameilysis conducted by
Montero and Lundby (2015), it was reported that endurance and high intensity
training alone or in combination can improve efficiency in untrainadigpants,
but in trained participants only high intensity training improveitigicy. It is
widely accepted that untrained participants have a greatentbte improve their
efficiency than trained participants, which is the likelysoea why untrained
participants had the greater improvement, and why both training tygéced an
efficiency improvement. While comparative studies suggest atisatlute efficien cy
values are not wholly based on training experience, training int@wxestudies with

both trained and untrained participants have demonstrated that ti@ningprove
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efficency. As a result, training intensity, volume and typd \wé monitored
throughout this research and due to the large improvements seen waihaht
participants, participants who cycle regularly will be sotelgruited to minimise the

potential of experimental testing inducing a training effect.

3.2.2 Muscle fibre type

There are three main classifications for the types of mudate, slow-twitch
oxidative (Type 1), fast-twitch oxdative dycolytic (Typ@) and fast-twitch
dlycolytic (Type 11X) (Bottinelli and Reggani, 2000; Jones,nBle, and Carter,
2005). Although the fibres are organised according to oxdation and speed of
contraction, the classification creates a false dichotomy &s i@ great deal of
overlap between their metabolic properties (Joeea), 2005); which is problematic
when trying to identify muscle fibre type and its relation taieficy. It is widely
accepted that Typel fibores make up the majority of an endurgratists muscle
mass (Kyle, 2003), however debate remains concerning fibre typeneffi with
some studies suggesting that Type fibres are more mffi¢@oyle, et al, 1992
Horowitz,et al, 1994), whilst others claiming that they are similarly effiti (He,
Bottinelli, Pellegrino, Ferenczi and Reggani, 2000; Medbo, 2008), and atiilkers
that Typell fibres are the most efficient (when cyclingl@d rpm compared to 60
rpm Suzuki, 1979). Discrepancies exist because of a varying gerspever the
physiological mechanisms that dominate efficiency, as some itékeaccount
absolute energy while others also consider the efficiency ofuteused to re-
synthesise energy (ATP). Currently, the above research has onlydiedo mfer
muscle fibre efficiency; predominantly through the use of singlscla biopsies in

the Vastus Lateralis muscle (Faria, Parker and Faria, 2005). Arsgbe is that a
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singe muscle biopsy is assumed to be representative of whole haijenfibre
proportions, which in turn is directly associated with energy neipge and
efficiency calculations (Jonest al, 2005; Medbo, 2008). Additionally there is also
the possibility that recruiting participants who are unfamilaih cycling (likely due

to the invasive nature of a biopsy) increases the variabilityhinwiefficiency
measurement which could be confounding results (Medbo, 2008). Irrespectinge of t
debate, alarge proportion of the improvements that are reporteclimgcefficien cy
have been theorised to be as a result of an increase in Typel filusdgCoyleet

al., 1992).

3.3 Macronutrient manipulation and supple mentation

3.3.1 Macronutrients

Dietary manipulation by altering macronutrient ratios is oneragugh that has
received little attention in the literature with the theorketipassibility to both
improve efficency and conserve CHO energy. Carbohydrate and FAT
manipulations have been the primary adjustment nutrients, as thejtutenthe
principal energy sources during endurance cycling, FAT accounting tivo thirds
of theenergy source at 50 % maximal intensity, with CHO takingasvére primary
energy source at ~75 % maximal intensity (Maughan and Shirreffs, Zabhsson
(1982) reported a 5.6 % higher gross efficiency with a five day hig® diet verses

a low CHO diet. Using trained cyclists, Neuétral (1987) reported elevated serum
dlucose levels with the supplementation of CHO prior to tesi@ng, reported a
higher work rate in the latter stages of cycling for one houcoimbination, thee
studies suggest the potential for efficiency to be alterdth mvacronutrient ratios

and the potential to influence performance particularly in tmeleding stages.
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Nonetheless, the above findings are based on small sample saném;dilal (1987)
utilised ten participants and Jansson (1982) just seven. Cole,adoléhopker and
Wiles (2014) recruited 15 trained participants and identifiedgrifisant 0.8 %
higher gross efficiency with a three day high CHO diet (70 Y%OLHpposed to a
three day moderate CHO diet (45 % CHO). Interestingy ther® mgamean
difference between the high and low CHO diet (20 % CHO), withesftig only
lower in the low CHO condition during two time points over 120 minutes r{@d5 a
85 min). This suggests that reducing the CHO macronutrient ratio wéiiéaming

a neutral energy balance has the potential to have a negaiet a@ff efficiency,
with a high CHO diet having the most likely positive influence. M acréenis have
also been explored in a more supplemental form with CHO ingestiopared to a
placebo during 150 minutes of cycling, gross efficiency was agait improved
overall, but did show higher efficiency values at two time pointsguw0 and 150
minutes (Dumkeet al, 2007). There was also an overall reduction in blood dgucose
in the placebo condition suggesting that gucose availability coqithie the
reduction in efficiency at the noted time points, and as at reslilbe measured

during cycling efficiency testing within this thesis.

3.3.2 Dietary supplements

The legal definition of a dietary supplement is a product intenalsdgplement the
diet that bears or contains; a vitamin, mineral, herb, amino acidusedsto increase
total calorie intake (National Research Council, 2005). The main seéopathway
for a supplement to influence efficiency is via an alteratiorRER, by substrate
availability modifying substrate oxidation (Brouns, 19&%aziela, 2003; Coylet

al.,, 2001; Dumkeet al, 2007; Auvichayapagt al, 2008). Increasing fat oxidation is
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the main motivation for supplements in aiding fat reduction and in cargpuld
spare CHO, which would be considered beneficial for performancdio¢Det al,
1999). It is currenfly unknown if sup plements potential cumulative increase in VO 2

and substrate ratio could affect cycling efficiency. Green teelmcontains Catechni
Polyphenols are claimed to increase BMR through increased thaessgand lipid
oxidation (Mukhtar and Ahmad, 2000), with a 4 % increase in RMR (Koraatsiy
2003), and between a 17 % - 31 % reported increase in fat oxidation (Bulido
1999 Venableset al, 2008). However, green tea naturally contains caffeine, which
is claimed to cause a similar increase in fat oxidation, and ithgeeto be conclusive
evidence that decaffeinated green tea can significantlyt afficiency. There is
reasonably strong evidence to suggest that caffeine increasesdéion (Chad and
Quigey, 1989 Donelly and McNaughton, 1992; Magkos and Kavouras, 2004),
however other studies who found an improvement in endurance have reported no
reduction in RER, indicating no increase in measurable fat oxidation ¢&etal,
1998; Engelset al, 1999 Jenkinset al, 2008). L-Carnitine also has the potential to
increase fat oxidation because this substance shuttles activateghdomdatty acids
(LCFA) from the cytosol, across the inner mitochondria membrane héo t
mitochondrial matrix for -oxdation (Brasset al, 1994 Villani et al, 2000). Free
and total L-Carnitine are reported to be lower in athletes rgpifir endurance and

is supplemented on the premise that it increases fat oxidation @xerogse and at
rest (Arenaset al, 1991; Abramowicz and Galloway, 2005). Equatiyny studies
investigting the effects of L-Carnitine have failed to show a significant increase in

fa oxidation when examining VO2 and RER (Brass, Hoppel and Hiatt, 1994

Vukovich et al, 1994) and when monitoring fat mass loss (Villatial, 2000).
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There is also the possibility for supplements to improveiesffty and in turn
performance through other pathways such as increasing lact&gnigu€apabilities
in the case of sodium bicarbonate. Currently there is reasonably compeltience
for sodium bicarbonate in relation to short duration performance wehtse that
result in an elevated blood lactate level (Burke and Deakin 2006;dtdde 2005),
with endurance athletes also potentially benefitting from bicaten
supplementation, as they too have elevated blood lactate levelk @ayp, 20 03).
Interestingly, a study that sup plemented bicarbonate, mainly looking at the effect on
the VO2 slow component also calculated goss efficiency (Santdllal, 2003).
While no significant differences were found, bicarbonate did appettetmate the
reduction in cycling efficiency towards the end of the trials lalsonoteworthy to
address that this study was conducted at 90 % of the cyclists VO 2maxintensity, which
was shown to increase lactate accumulation quite dramaticalgrefdre a high
proportion of anaerobic respiration was very likely and called into queie gross
efficiency calculations. Inorganic dietary nitrate (NPDis arguably the newest
supplement to be suggested to improve performance and efficiemeyt,onreports
that it can reduce the VO2 cost of exercise at sub-maxmal intensities by ~ 4 %
(Vanhatalo et al, 2010) and ~ 3 % (Whitfielcet al, 2015). The reason for the
reported improvement in efficiency has been suggested to be leittesl directly
with muscle contraction efficiency within the muscle struct@sarcoplasmic
reticulum and or actin-myosin interaction) or during mitochondrial otxea
phosphorylation (Jones, Vanhatalo and Bailey, 2013). Nevertheless an impmbve
in mitochondrial efficiency has however been discredited by Whité¢lal (2015)
who found no improsment in mitochondnal efficiency to explain the significant

reduction in submaximal VO2.
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It is only relatively recently that supplements have beeroesgl for the primary
purpose of altering cycling efficiency, with Quercetin found to havesignificant
effect (Dumke et al, 2009). Consequently there is limited direct evidence
surrounding supplements having a negative effect on efficiencyinbiiarly there

is limited research on supplements being able to improve efficieespite reported
performance improvements (Jones, Bailey and Vanhatalo, 2012). Ofdin eaf
currently has reasonable evidence to suggest that it could féltieney and so
particular attention will be given to limit caffeine consumptioiopto testing. Due

to the potential influence of participants macronutrient ratiolsgaiantity in the days
leading up to efficiency measurement, three day food diariesbevilised to ensure

similar macronutrient ratios with dietary supplementation icestir during testing.

3.4 Performance

Cycling performance is fundamentally determined by the cydlisilgy to produce
propulsive forces (power output) and to overcome resistive forcemdradsistance,
aerodynamic drag, crank friction and gravity) (Faria, Parker, ana 2Q05), while
the ability to win is dependent on a combination of physiological, bluenezal,
nutritional and psychological factors that are often joined waimteactics (Joyner
and Coyle, 2008). Cycling events can range from sprint distances (20Gspriior
track qualifying) to multi-stage races lasting several dagsexen weeks (Tour de
France, Giro d’Italia & Vuelta a Espand), with the average stage race lasting ~ 5
hours (Faria, Parker and Faria, 2005). Typically, the am of a ¢dgiwpeyclist is
to complete a set distance in the fastest possible time, or iasth@ttour racing be
the first across the finish line. There are numerous performamaels which

attempt to both predict performance and determine the key wearidbl improve
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performance (Oldset al, 1995). Some models state both physiological and
biomechanical factors with OId€001) induding VOzmax (maximal oxygen
uptake, fractional utilisation of VO2max efficiency and frontal area as the key
determinants of performance. Joyner and Coyle (2008) look specifiefllshe
physiologcal variables and arguably provide the most popular perfice model
for endurance cycling Hgure 3.1) A key theme among the magority of

performance models are; VO2max,  metabolic thresholds (lactate

threshold/submaximal VO2) and efficiency/economy (Faria, Parker, and Faria,

2005).
Performance Velocity or Power
Performance Performance © Gross
VO2 + Deficit %8| Mechanical
(Aerobic) (Anaerobic) Efficiency
Lactate Total
Threshold Buffering
VO2 Capacity
VO2max
Muscle Stroke Max Haemo- Aerobic Distribution % Slow Anthro-
Capillary Volume Heart globin Enzyme of Power Twitch (Typel) || pometry &
Density Rate Content Activity Output Muscle Fibres Elasticity

Figure 3.1Schematic of the determining physiological variables that intepact

influence performance (Joyner and Coyle, 2008}e: Key determinants are

indicated with a grey backgroundliote: VO2, oxygen uptakéyOzmax, maximal

oxygen uptake.
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3.4.1 VOumax and performance

Historically one of themost commonly investigated physiologcal variable in
rdlation to p erformance is VO2max(Jobson, Hopker, Korff and Passfield, 2012). This
variable is commonly measured using a graded exercise test tonabligkhaustion,
and was linked with performance due to the observation that elite endathletes
have the highest values (Faria, Parker and Faria, 2005). M axiroéicaeapacity
(VO2may) is defined as the amount of oxygen that can be utilised whenséxerc
maximdly and is restricted by tissue oxygen demand, central and peripheral
cardiovascular limitations and is frequently presented relative to body mass (Faria,
Paker and Faria, 2005). Body mass is often an undervalued component of VO2max
where a small reduction in fat mass resilts relative improvement in VOzmax,
despite no improvements in the magnitude of VO2 utilisation. A modemte negative
association (r=-0.554) has been reported between VOzmax and body fat % in males
(Kriketos, Sharp, Seagle, Peters and HM00). This suggsts that performance
could be directly influenced by an improvement in VO2max via a reduction in fat
mass, yet thiss not indicated by Joyner and Coyle’s (2008) performance model
(Figure 3.1). Olds (2001) reviewed and presented numerous studies which explored
the relationship with VOzmax and performance with all but one reporting a highly
positive correlation value (r ~ 0.7Q¢spite this, VO2max is not considered a valid
predictor of performance on its own and is frequently combined watlat&a
threshold and efficiency variables (Cragy al, 1993; Oldset al, 1995). When
VO:2max has been compared with gross efficiency, an inverse relatiofstsipbeen
reported (Lucia, Hoyos, Perez, Santalla and Chicharro, 2002) and itshdseeal
sugeested that a greater efficiency appears to compensate for a lower VO 2maxvalue

in highly trained endurance cyclists. It is theorised that where tharhighcapacity
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to supply VO2 in the case of having a large VO2max, there is less of a need for the
body to use VO2 efficiently. Conversely, in the case where VO2maxis low there is a
geater need for more efficient use of VO2 in order to achieve the sameotk or
power output, however there is currently little evidence to support this theoty. Due
to VOzmax being limited in part by cardiovascular capacity, a newly pseg
approach to explore the inverse relationship is to use pulmonagyidn tests,
specifically measuring vital capacity (VC) (the maximv@lume of air breathed out
after maximal inhalation) and forced expiratory volume (BEWolume of forced
expired air recorded after osecond of expiration) alongside the assessment of
VO2max and efficiency. Vital capacity and FE¥re both very simple measurements
that could provide an indication of the size limiting capacity dmel airway
efficiency, which may be influencing an athlete’s predisposition to have either a
higher or a loweWO2maxrelative to effidency. This is yet to be explored within the
research and will be used as an exploration of the relationship between VO2maxand

efficiency in the main discussiorCljapter 11) of this thesis.

3.4.2 Lactate threshold

Lactate threshold describes the lactate inflection point duringnieatal exercise
where lactate production is higher than lactate use. Lactaiem@etion is ascribed

to an increase in the rate of glycolysis (gucose conversion to pynukactic acid)

and has superseded the term known as anaerobic threshold (MacRae, 204@). Lac
threshold is considered highly associated with performance (Ghosh, 2004)enyi

high correlation values (r = 0.91) when associated with 90 minute cy€ling
performance power (Bentley, McNaughton, Thompson, Vleck and Batterham. 2001)

Lactate threshold is also particularly important as a markendurance capacity, as

48



the threshold occurs at a higher power output in endurance trainedsatti@iang
them to susin a higher percentage of their VO 2max (Withers, Sherman and Miller,
1981). Ventilatory threshold is believed to provide a similar predictieasure of
endurance capacity relative to lactate threshold, but is cattuletiag gases during
incremental exercise rather than blood, and is determined by thegboarttich
ventilation increases exponentially (Gaslall al, 2001). There are four different
methods that can be used to determine threshold, with subjective issues
determining the deflection point present in both lactate and ventitareshold

assessment.

3.4.3 Body composition and performance

Within the Joyner and Coyle (2008) performance model the two categoricdd lear

that link directly to efficiency are proportion of Type | nlasdibres and
anthropometry/elasticity. The research suggests that indeedenfibbsel proportion

has a direct influence on cycling efficiency (Cogeal, 1992; Horowitzet al,

1994), but this model also suggests that anthropometry and by extension body
composition could also directly influence gross efficiency andiin performance.

This area is yet to be fully explored within a trained pojmnattilising a dietary
intervention to manipulate body mass. Body mass also has the potetizslet a
greater influence on performance if considering the outdoor field enveraniihe

link between field performance and body mass has been described in fotemtesc

by Swain (1994).

49



Energy cost = (k,"P-s)+ (k,-A-v3)+ (g-P-i-s)

Equation 8. Mass and field performance (Swain, 199%here k, = rolling
resistance coefficientP = combined mass of cyclist and bicycke= bicycle road
speedk, = air resistance coefficieny =cyclist’s surface area, v = bicycle speed in

air, g = acceleration of gravity and=road incline.

The first component dwain’s (1994) equation explains how the frictional forces
between the road and tyre (assuming the same tyre type, ssum@etread design
and material remain the same) are directly proportional tondss of the cyclist
bicycle and rolling resistancavith greater mass tending to increase the contact area
between the road and the tyre. The second component is the cost of lshing
cyclist through air with frontal surface area influenced by gclosition and to a
lesser extent the distribution of fat and lean mass (dependent tadlputizn). The

final part is related to gravitational effects on ascents dasdents that is directly
proportion to the total mass of the cyclist and bicycle. This fadaieseto the inertia

of the cyclist interacting with gravitational forces and the tehoe of the body and
bicycle to change direction and or speed. Using this theory, havingea greags on

a flat level course tends to have an advantage over a lightest cgde to the trend

for heavier cyclists to have more lean mass and only margmcetases in rolling
resistance, while not being adversely affected by negativetafamil forces and a
higher inertia. Conversely, a lighter cyclist would have an adwantager an
undulating course due to a lower inertia and higher relative poweeight ratio
(Wkgh) (MacRae, 2003). Studies that have compared laboratory and field based

performance testing have described that bodygmvas able to explain 52 % of the
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variance between thetrials (Jobsvml, 2007). The discrepancy between laboratory
and field basd performance time’s highlight the notion that a large proportion of the
variation remains unexXplained. Previous research comparing nef§iciewith
different ergometers to free cycling suggest that the diswepm time could be as

a result of a change in efficiency. It seems logical to considéra proportion of the
discrepancy could be due to a change in metabolic efficiency infiglte
environment, which has been previously linked with differences betweenetggsm

and free-cycling (Bertucci, Betik, Duc and Grappe, 2012).
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CHAPTER 4: BODY MASS CHANGE, CALORIE RESTRICTION AND
THE LINK WITH CYCLING EFFICIENCY

To date, research is not currently available on elite or even haatuatyclists in
regard to the effect of body mass change. Therefore, in order toefpligre and
speculate on the potential effects of calorie restriction alingy efficiency, this
Chapter will explore the efficacy of calorie restriction amnexercising population,
with evidence primarily centred from health and obesity reseahile there
remains little available information on an already exercispapulation reducing
body mass, Although body mass reduction via calorie restriction in eniséne
population has primarily been overlooked from a research perspeeiecing fat
mass prior to competition is considered standard practice iiredfelite cyclists
(Kyle, 2003 Knechtle, Knechtle and Rosemann, 2009). The effectiveness of this
process and the influence on changes in body mass, composition and swtaboli

will be explored in regard to the resultant effect on efficielmngl performance.

4.1 Energy balance and body mass change modelling

Energy balance refers to the relationship between energy imtdkenargy output,
where excess intake results in an increase in stored energyiv@pesergy balance)
and a deficit of energy in a reduction (negative energy baldhtajonal Research
Council US Committee, 1989; Landsberg, Young, Leonard, Linsenmeier and Turek
2009). The energy balance equation is a simplified means to descritteedietical
linear relationship between mass gain and mass loss, whicted pascipally on

the first law of thermodynamics (Sadagtal., 2013).
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Energy Intake = Energy Output + Storage
Equation 9.Energy balance (Landsberg al, 2009).

Assuming a linear relationship, basic physiologcal princigls be applied to
quantify the magnitude of calorie deficit or excess on the raesudféect of mass
change. This was first explained by Wishnofsky (1958) using the iafmmfrom
Bozenraad (1911 cited in Wishnofsky, 1958) that human adipose tissue contains 87
% fat, thus 0.454 kg of adipose tissue is equal to 0.395 kg of fat. Combimeng t
known calorific value of one gram of fat (in the orignal exam@& kcalg),
Wishnofsky (1958) deduced that 0.454 kg of human adipose tissue contains ~3752.5
kcals. This value has since been rounded down to 3500 kcal based on fat containing
a lesser 9 kcg (Péronnet and Massicotte, 1991). It is noteworthy that this
calculation only takes into account the mass change due to fat and~@&én of
adipose tissue), but does not take into account the protein and fidgyeeass
content that is also contained within adipose tissue (~10 %) (Ente@o&hyater,

Ayres and Behnke, 1958; Martin, Daniel, Drinkwater and Clarys, 1994)sibjgil

the Wishnofsky (1958) calculations and assuming that a reduction in isnass
equivalent to a change in fat and water, the formula can be exespdtapredict

the number of kcals required to be in deficit for a desired massechBaged on a
negative energy balance of 500 lday’, after two weeks (-7,000 kcal) a mass
reduction of 0.9 kg would be predicted, after a month (-15,000 kcal) a reduction of
1.93 kg and after six months (-90,000 kcal) a reduction of 11.57 kg. Due to the
indiscrimination between either a positive or negative energy balarass gain can

also be computed with an assumed similar magnitude, but in an opp osatig i

(Figure 4.1)
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Figure 4.1Predicted body mass change based on the theoretical linear relgtjonshi
with a starting body mass of 70 kg.

While the simplistic energy balance equatidfquation 9) is largely correct in
principle and research suggests that it can apply for shortatess change in obese
participants (Hall 2008). There are three main failings surrourttie@inear model,;

firstly it suggests that mass reduction and gain are limitessyndly that lean mass

is maintained and thirdly that the same calorie deficit/exaessild result in an
equivalent and consistent mass change (Hamid, 2009). The main consequence of this
computation results in the formula overestimating mass change wskério predict

body mass perturbations of medium- to longterm, with greater una@aoes the

longer the duration of the kcal imbalance. A more complex model by FHir@&%)

and adapted by Hall (2007 & 2008) suggest that starting body mass andsfat

have an important influential effect on the required calorific ileficinduce mass
reduction. Utilising a parabolic model, a non-obese participant dtg7@ould
require a 10 % smaller calorific deficit of ~6943 kcal to induce arhasg reduction,
opposed to~7709 kcal that would have been previously predicted. Consequently, the
adapted equation by Hall (2008) explains that a smaller defic#tquired to achieve
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the same mass reduction for a leaner participant. Thisrisuééd to lean mass
having a lower energy density and consisting of a higher proportivatef than
adipose tissue. The modified equation was also shown to account for the ¢hanges
body mass following semi-starvation techniques in already leaitipants, where
the linear equation would have grossly overestimated the requiredt {kfays,

Brozek, Henschel, Mickelsen and Taylor, 1950).

4.2 Factors affecting body mass change

4.2.1 Body composition

There are considerable differences between the metabolic ewatgyotthe various
tissues in the body. Although the heart, kidneys, brain and liver require a
considerable greater number of kcals per kg relative to musclicétiggd™®) and

fat mass (4 kcalgd?) (Table 4.1) Muscle and fat tissue tend to make-up the largest
contributions to total mass and therefore proportionally provide thegrgabtential

to change RMR as a direct result of tissue mass reduction (HédtaCa and Wyatt,
2006). Due to the higher metabolic rate of muscle mass, mussiee tieduction is
expected to have a larger effect on RMR than fat mass reduB@brreduction is
however reported to have a larger effect on exercising ereqognditure when
compared to RMR, attributed to a reduction in inertia and improved Issgbation
(Rosenbaunet al, 2003; Amatiet al, 2008). Research also suggests that the rate of
fat mass reduction has a tendency to slow, following accumulatidesysstematic

fat mass reduction, which is relative to the total magnitudeedidiced fat mass.

(Kriketos, Sharp, Seage and Hill, 2000). The most metabolicéiigieet body fat
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proportion has been described by Perriello (2001) as between 7 to 9 %d®y loogl

this is much lower than the current mean + SD for the male papul8 + 9.4 %;
based on a recent cohort of 3409 males with an average age of 44HRliedrs
Cummins& Sacker 2014). Conversely trained cyclists have been reported to have
lower body fat % than the population mean ranging from 7-18 % (Knekmtéghtle

and Rosemann, 2009), with the upper end of this range providing a larggtigbote
for fat mass reduction.

Table 4.1Contribution of different organs and tissues to total daily energy
expenditure.

Mass M etabolic rate
Organ or Tissue kg (% of total) kcatkgd™? (% of total)
Kidneys 0.3 (0.5) 440 (8)
Brain 1.4 (2.0) 240 (20)
Liver 1.8 (2.6) 200 (22)
Heart 0.3 (0.5) 440 (9)
Skeletal muscle 28.0 (40.0) 13 (22)
Adipose tissue 15.0 (21.4) 4 (4)
Other(skin, gut, bone, etc.  23.2 (33.0) 12 (16)
Total 70 (100) (100)

Note: Table from Hill, Cateracci and Wyatt, (2006).

4.3 Hypocaloric diets

Reducing fat mass is a key strategy employed by many eypligir to a race in an
attempt to improve performance (Knechtle, Knechtle and Rosemann, KRgi@9;
2003). This is principally achieved by creating a negative eneatgnce by either
consuming fewer calories and or expending more calories throughcalhgaivity

(Volek, VanHeest and Forsythe, 2005). Dietary intake can be broaddjfieds
based on energy balance into three main categories; hypocalgativie@eenergy
balance), isocaloric (neutral energy balance) and hypercalodsitiy@ energy

balance) (Chungt al, 2014). The principle aim of a hypocaloric diet is to reduce
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mass by reducing fat energy storage. Calorie restriction Wgpacaloric diet is
defined as a reduction in calorie intake below usadl libitum intake without
malnutrition (Fontana and Klein, 2007). Reducing dietary energy intake throug
calorie restriction is perhaps the most common method to inducetaeesgergy
balance as it is one of the easiest, fastest and most effeciivetowreate a negative
energy balance particularly in an aready exercising pdpuléKraemer et al,
1999). The magnitude and duration of the deficit will however affect rates
sustainability and perhaps more importantly the composition of &8s reduction
(Abete, Navas-Carretero, Marti and Martinez, 2012; TreXer, SRyHm

and Norton, 2014).

4.3.1 Short-term calorie restriction

Short-term calorie restriction studies (Baklatral, 2015 Koudaet al, 2009 are
classified between 1-14 days (Broom, Hopkins, Stensel, King amdell 2014).
Short-term effects of calorie restriction include adamduction in body mass,
predominantly attributed to a reduction in stored glycogenemnand foodstuffs
within the gastrointestinal tract (Corvilairet al, 1995 Heymsfield et al, 2012).
Glycogen is bound with water in the liver at a ratio d3-4 g of water for every
gram of glycogen (Kreitzman, Coxon and Szaz, 1992). The eestiimated to
contain ~90-110 g of CHO, resulting in the estimated maxchahge in mass in the
iver to be ~550 g for complete glycogen depletion and assuminbigther water to
CHO ratio (4:1) (Gleeson, 2000). Muscle glycogen is also coasidikkely to be
stored with water (Olsson and Saltin, 1970) and muscle tisem&imated to contain
between 300-400 g of glycogen (Gleeson, 2000) dependent on CHO irdage, u

training status and muscle mass (Ahlborg, Bergstrom, hebiedind Hultman, 1967,

57


http://www.ncbi.nlm.nih.gov/pubmed/?term=Trexler%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=24571926
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trexler%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=24571926
http://www.ncbi.nlm.nih.gov/pubmed/?term=Norton%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=24571926
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corvilain%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7485502
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heymsfield%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22257646

vy, 1991). Consequently the maximal amount of mass charga fmuscle
glycogen depletion would be between ~1.4-2 kg with a maximabioecth whole
body glycogen depletion of ~2-2.5 kg. Although complete glycogen depleéisn
been described by Ruderman, Aoki and Cahil (1976, cited in C20M6) to take
~ 30 hours following starvation, complete depletion is howevékelyn to occur
with only a moderate calorie deficit. In addition, the aboveulgions assume
complete excretion of the water bound with glycogen and sadproonly an
estimation of the maximal mass reduction. Measurable teadsian visceral fat have
also been noted with short-term calorie restriction (8 )datiising magnetic
resonance imaging (MRI) albeit with a very low caloriet dBakkeret al, 2015).
Visceral fat specifically has been associated witheatgr reduction in the initial
stages of moderate calorie restriction in comparison tousueous fat, which is
lost more proportionally post the inttial effects of caloristnietion and with greater

fat reduction (Chaston and Dixon, 2008).

In regard to the effect of the early stages of calorie restriadn energy expenditure,

the first component of TDEE to be reduced is the thermic efiedbod (TEF)

(Rosenbaumet al, 2003). Assuming a direct relationship between kcal intake and
TEF with a similar macronutrient ratio; a 20 % reduction in caloieke (previous
isocaloric diet of 2500 kcdlay!) would result in a 50 kcdlay™ reduction or a 2 %
reduction in TDEE. Although TEF is likely to cause a relatively lisreduction on
TDEE, RMR has long been acknowledged to have arapid and early re$pithse

a couple of days) to energy restriction (Abete, Navas-Carreterati dicd M artinez,
2012). Prenticest al, (1991) reviewed a variety of calorie restriction studies and out
of 29; only one found calorie restriction to increase RMR (1 week studyhathe

no change, but the remaining studies had a reduction in RMR ranging {2&n%b
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(Parkinson, 1990), with studies of two week duration having a reduction in RMR of
~ 10 %. More recently just four days of slight (intake: 1462-daal) verses
moderate calorie restriction (intake: 1114 kief') inducing a 2 % body mass
reduction was shown to cause a 6 and 13 % reduction in BMR respectivelyhevith
greater calorie restriction having the larger effect (Koetdal, 2006). Assuming a
daily energy expenditure of 2500 kcal and RMR consisting of 70 % of TDEE, wi

a conservative 10 % reduction in RMR (Kowdal, 2006) would equate to a 175
kcatday* reduction in TDEE. Combining the predicted reduction in TEF and RMR
it is considered possible to induce a 9 % overall reduction in TDEE over \adek

period.

The significant reductions in RMR have been suggested to be because of
improvement in mitochondrial biogenesis, due to an increase in the gene
responsible for mitochondrial synthesis and a reduction in damage ngesalthore
efficient oxygen utilisation (Civitareset al, 2007). There is also evidence that an
increase in proteolysis (protein breakdown), amino acid oxidation and tiordnc
protein synthesis provides one of the first metabolic compensatalyanems that
could also explain a reduction in RMR (Carbone, McClung and Pasiakos,. 2012)
Although this effect has been reported to be attenuated following cahtmalarie
restriction (Abeteet al, 2012), it could have a consequential impact on muscle tissue
mass. A reduction in muscle tissue has the potential to reduce, BM Riore so
when exercising due to the multiplication of energy expenditurbe dbove
combined effects have the potential to improve cycling efficiethwg to a reduction

in RMR, muscle metabolism (particularly during exercise) anch@edse in amino
acid oxdation which is not accounted for in traditional efficien@cutations.

Conversely there is also the possibility that short-term calesigiction could result
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in a reduction in efficiency, due to a predominance of fat utdisatvhich requies
a higher volume of VO2 to oxidise. A greater demand for VO2 would either be
satisfied from an increased proportion of VO2 extraction or increased ventilation,
which would incur a higher energy cost (Hoplar al, 2013). In regard to
performance, the small benefits commonly associated with haviogven body
mass and potentially being more efficient, are likely to be ogheei in the short-
term by a reduction in stored muscle and liver gycogen reducing imighsity
exercise capacity (Heigenhauser, Sutton and Jones, 1983). Furthemeduoeti@n
in protein synthesis has the possibility to reduce performance powes dlimited
recovery from training, albeit a likely small effect during $kHerm calorie
restriction, which is considered to occur in direct proportion to leass meduction

(Stein et al., 1991)

4.3.2 Medium-term calorie restriction

Medium-term calorie restriction is described between 2-12 wéskerf, Hopkins,
Stensel, King and Blundell, 2014) and the effects can be attributed todwanu
interconnected mechanisms; homeostatic control and the influence oéschiang
body composition. Changes in body composition play a more active rolegduri
medium- to long-term studies as there is a greater potemithlahge absolute lean
mass and fat mass, this in turn would have a larger influence on thememts of
TDEE (Martinet al.,2007). Because of the link between changes in body mass and
TDEE, the changes in energy expenditure are often offset agdiasges in lean
mass (Amatiet al, 2008). Goldsmitlet al, (2009) reported that metabolic savings
of ~ 300-400 kcallay* were possible following a 10 % reduction in body mass, after

accounting for changes in lean mass. Metabolic savings have bédamedtto the

60



detection of a calorie deficit, with homeostatic control mechanialteing in the
opposite direction to the changes in energy balance to eithemiams gain or limit
mass reduction (Macleaet al, 2011). This phenomenon is believed in part to
explain why body mass tends to plateau following medium-termiecalestriction
and why mass reduction tends to be less than predicted (Trexeth-FSran
and Norton, 2014Byrne, Wood, Schutz and Hills, 2012). It has been speculated that
one of the multiple mechanisms attributable for the homeostaticot@yistem can
be explained by neuroendocrine adjustments, specifically an extqnel&d of
hypothyroidism and hypoleptinemia following calorie restriction (Rbaemet al,
2003). Direct improvements in mechanical efficiency at the mus@E a 25 %
reduction in gycolytic enzymes (Phosphofructokinase) relative tdaboxe
enzymes (Cytochromeoxdase) has also been attributed to an adaptation within the
homeostatic control system (Goldsmithal, 2010). Equally there is increasing and
convincing evidence that hypocaloric diets in the medium- to long-teenaléde to
increase life span and reduce disease in a variety of animals giMaDillin, 2008).
Although the evidence remains unclear for human’s (Cava and Fontana, 2013), the
strong empirical evidence from animal studies advocates a rabésur
downregulation in metabolism, which has the potential to improveingycl
efficiency. The exact details of the mechanisms are asnketown, but the ageing
paradigm is guided by the notion that age is determined by an aatiomubf
damage (Sohal and Weindruch, 1996). Calorie restriction is therefoegebelto
slow down the rate of cellular damage through a longer cellular difiesgsulting in

a reduction in the rate of cellular reproduction. The mechanism formgdoeilular
turnover in the case of energy intake has been termed the nutnsimgseathway

which is described to be able to assess nutrient status and adjigstt frootmsumin g
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processes such as; growth, metabolism and reproduction of caligerdb energy

availability (Gems and Partridge, 2013; Cava and Fontana, 2013).

Maclean, Bergouignan, Cornier and Jackman (2011) describe howrahtde of
TDEE are affected with calorie deficiFiQure 4.2). Although an absolute reduction
in; RMR (Martin et al., 2007; Piccoloet al, 2015), NEAT (Levine, 2004), TEF
(Miles, Wong, Rumpler and Conway, 1993) and EAT (if comparing similacieer
volume) (Amatiet al, 2008) is generally accepted, the magnitude of the change in
an exercising population remains relatively unknown. Addition&ligure 4.2also
suggests that whole organism efficiency should be improved in thmiuakg of all
but TEF components of TDEE. It is noteworthy that the metabolic ibenef
associated with mass reduction are caused specifically thrbagirdcess of calorie
restriction, and are not present if a low body fat is maintaitedugh physical
activity (Fontana and Klein, 2007). It is hypothesised #sgparate and differing
mechanism triggered by calorie restriction results in an lbwen regulation and
slowing of cellular damage (Civitaress al, 2007). Consequently a reduction in
metabolism via a down regulation in cellular turnover provides a jagential to
reduce whole organism energy expenditure and a strong rational Udorgae

mechanism to improve cycling efficiency.
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Figure 4.2 Effect of calorie restriction and body mass reduction on TDEE (Adapted

from Maclean, Bergouignan, Cornier and Jackman, 20Mlbje: BMR, basal
metabolic rate, NEAT, non-exercise activity thermogenesis, , TigFmic effect of
food, EAT, exercise activity thermogenesis, NREE, non-resting erspgnditure,
REE, resting energy expenditure.

4.3.3 Severity of calorie restriction

The severity or magnitude of calorie restriction has been desdibbe one of the
most important factors that influences the rate, composition s$ mealuction and

the resultant effect on the activation of compensatory homeostaintrol
mechanisms (Wadden, Byrne and Krauthamer-Ewing, 2006). Slight calorie
restriction tends to be described as < 400daal in deficit (Fitzgerald, 2009),
moderate calorie restriction commonly induces a deficit betweer?50Kkcaday*

(~80 % of usual intake) (Sinclair, Morley and Vellas, 2012), with low iealdrets
(LCD) resulting in a total energy consumption of between 800-150@dscaland

very low calorie diets (VLCD) providing fewer than 800 ldaj* or < 20 % of

usual calorie intaké/Nfadden, Byrne and Krauthamer-Ewing, 20G@o, Yan, Zhao,
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Tao and Zhou, 2015 Severe calorie restriction or VLCD often result in
unsustainable mass reduction and have the risk of malnutrition, péstiocoleer
prolonged periods (National Research Council US Committee, 198%ricCal
deficits > 1000 kcal'day™ have been noted to result in very little additional fat mass
reduction when compared to moderate deficit (500-dayal), with increased
adverse reductions in water, electrolytes, minerals, CHO andrieas (Perriello,
2001). To limit the potential adverse effects of LCD and VLCD, nabeedeficits
of ~500 kcals (20 % calorific deficit) are recommended to ensutairsalsde body
mass reduction with lean mass preservation (Trexer, Smigh-Rgd Norton, 2014;
Wadden, Byrne and Krauthamer-Ewing, 20@BConnor and Caterson, 2010).
Moderate calorie deficits for the above reasons tend to be the papalar
intervention strategy for medium to longterm calorie resbrctinterventions

(Fontana and Klein, 2007).

4.3.4 Exercise and calorie restriction

Exercise is a branch of physical activity that is often used in condinatith calore
restriction to increase calorie deficit. Research suggbstsetercise in combination
with calorie restriction assists absolute mass change viach dicrease in energy
expenditure, but perhaps more importantly is reported to predeave tissue
(Yoshimuraet al, 2014). Preservation of lean tissue has the consequential effect to
attenuate reductions in RMR (Stieger and Cunliffe 2006), witheases in fat
oxidation at rest and during exercise also considered additional t®eradfi
combining exercise with calorie restriction (Kriketos, 2000). Thightiag of the

beneficial effects of combining exercise with calorie regpnicre however, largely
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dependent on the typeof exercise. Based on a recent review of Ifl@bninials,
Clark (2015) reported that; fat mass was reduced the most wibae castriction
was combined with endurance exercise (effect size: 1.07) and k=g was best
maintained when calorie restriction was combined with resisteraxeise (effect
size: 1.08). As yet there is little conclusive evidence that fhsgra combination

of endurance and resistive exercises with VLCD’s has any beneficial effect on body
mass, composition or RMR (Donnelly, Pronk, Jacobsen, Pronk and Jakicic, 1991).
It is also noteworthy that a reduction in calorie intake has been linkbdeductions

in energy expended from free-living physical activity (MarBt al, 1985).
Therefore, during restricted calorie intervention studies it [somant to ensure
exercise remains consistent, as changes in the type, volume andyirdenlsi have
confounding influences on body composition and factors that would likely influenc

RMR and efficiency calculations.

4.3.5 Macronutrient ratios

Total mass reduction as a consequence of calorie restriolh average results in
~75 % reduction of fat mass and ~25 % reduction in lean t@d&t@nheimer, Sands
and Campbel, 2010). Recent reviews do however suggest thandesnreduction
can be significantly attenuated with both sufficient pmoistake (0.8-0.9-gg'-day

1) and above sufficient levels (> 1.0%g!day?/ > 25 % protein) (Trexler, Smith-
Ryan and Norton, 2014; Wycherley, Moran, Clifton, Noakes andkwoirth, 2012).
Layman et al.,(2003) similarly reportednimproved lean mass attenuaton with a
high protein hypocaloric diet but also found a greater &gsmeductiorasopposed
to a hypocaloric diet with adequate protein intake (&k§'gday?!). Nevertheless the

research remains rather equivocal with Baekal (2016) suggesting ther little
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difference between body mass reduction and lean massechdm@n comparing
adequate (0.9'kpglday?l) and above adequate (1.kgptday?) levels of protein
intake. In additon small changeils macronutrient ratios (PRO: from 18 to 25 % and
from 49 to 42 %) are reported to have litle effect on totasmeguction (Lockard
et al, 2015; Gardner, Offringa, Hartle, Kapphahn and Cherin, 2015). Bastx@ on
above research, a cautious approach to a hypocaloric intervembuld require
standardisation of macronutrient ratios to ensure limitexhgds pre, during and post
intervention. Therefore a portion control strategy to reciaderie intake but limit
changes in macronutrient ratios would seem a rationabrogtiat would minimise
food choice disruption, reduce RER fluctuation as a dirietteof macronutrie nt

proportions and arguably increase the sustainability afhtiseention (Rols, 2014).

4.3.6 Free-living body mass rebound

It could be argued that a research led approach to mass redudigingutalorie
restriction techniques that are often combined with some form of labortasting,

is a rather artificial means of altering a participantsadiehabits to manipulate body
mass and composition. When research interventions are complatdpgical to
consider that in most cases physiological feedback mechanisms antepention
eating and exercise habits will inevitably return the padidipto the original body
mass and composition. The notion that only 2 % of participants are ablentaimai

a reduced mass in the longterm (two years post intervention)pwasosed by
Stunkard and MclLaren-Hume (1959, cited in Wing and Phelan, 2005). However
with the clarification of the definition to mass maintenance reguia > 10 % of

intentional body mass reduction maintained one year postintervention, ubevaal
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since been increased to ~20 % of participants being able to mantailuced body
mass (Wing and Phelan, 2005). Despite a substantial increase murtiter of
participants maintaining a reduced mass, a large proportitimeofnass reduced
during an intervention is frequently regainetihe original hypothesis that humans
maintain a preferred body mass and composition stemmed from oloservHtat
both animals and humans mass tend to return to pre-intervention valuesnfgllow
the cessation of an intervention (Harris, 1990). This resulted in Vietopgenent of
the ‘set-point theory’ which suggests that an autonomic feedback mechanism, most
likely hormone controlled aims to return body mass but more specififallynass
to the pre-intervention state (Farias, Cuevas and Rodriguez, 2011)dé@ogsihat
metabolic compensations and the set-point theory are reasonably addepted,
few studies include follow-up mass changes. Sustained reductiond i Have
been described as long as 12 weeks following severe calorieti@st(iDulloo and
Jacquet, 1998), however with a more sustainable moderate calorietioastit is
unlikely that the effects will have a similar longevity. Due tack of clarity on the
rate of mass regain in an exercising population, follow-up testilhdpe conducted
in this thesis to allow for the monitoring of the participantssmasmposition and
metabolism to assess if any potential changes in efficieray performance are
maintained. This allows for the attainment of an intervention tolmsassessed on

the longevity of the outcome, a factor that is often neglected.

4.4 Cycling efficiency and calorie restriction

Despite the potential for efficiency and performance gainassnreduction has

predominantly been studied for the purpose of improving health by redutimgsa
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to combat obesity and obesity related diseases (Waskbai) 2014). Only a small
number of studies have directly assessed the effect of body sthsgian on
exercise energy expenditure, with fewer still calculatirffici@cy, as the majority

of obesity led research has been guided by the notion that RMR is the prediymina
effected component of TDEE (Apfelbaum, Bostsarron and Lacatis, 1B@Xhe
authors knowledge only one study which has been heavily criticised using a
professional cyclist has eluded to reductions in body mass overting digiibuted

to an improvement in efficiency (Coyle, 2005). As a consequence of the ol uit
obesity perspective, the existing calorie restriction resegdPoole and Henson,

1988; Amati et al, 200§ has focussed primarily on overweight and obese

participants who infrequently exercise.

Poole and Henson (1988) were one of the first to explore the effechlaric
restriction on gross and work efficiency. They reduced body mass%y)in513
moderately obese women (average 4 kg reduction) over three weéka @D
consisting of 800 kcalay . Although they did not find a significant change in goss
or work efficiency using fouminute work stages on a cyde ergometer, RMR when
inferred from absolute VO2 was significantly reduced at rest and zero watt cycling,
but not during resisted exercise. A later study by Rosenbetua, (2003) reduced
body mass by 10 %(= 30), which caused a significant 27 % relative improvement
in net efficiency when cycling at 10 W and a nonsignificant 10 %welatihange at

50 W, while RMR remained reasonably unaffected. The effect of a 10s%ogam
was also explored albeit with less participaris=( 8), where a significant 20 %
reduction in net efficiency was reported at 10 W and a 5 % reduct 50W.
Goldsmithet al, (2010) reported similar effects following both a 10 % increase and

10 % decrease in body mass, with a 15 % improvement in net efficant0 W
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with mass reduction and a 38 % decrease in efficiency at 10thVveiss gain. It
was proposed that a mechanism active during very low intensityisexavas most
likely responsible for the efficiency improvements, due to a namgwf changes in
efficiency values at the higher 50 W intensity. In an attengpistlate if the
mechanism was biomechanical or physiologcal, Rosenletuah,(2003) estimated
the mass reduced from the lower limbs and added exogenous weightsthigftilse
of the 10 % mass reduction group. The results indicated that chamdesver
extremity mass accounted for ~ 60 % of the changes in energndéxge when
cycling at 10 W and ~ 40 % at 50 W. Although there are inaccuracies vinthtesiy
the magnitude and distribution of mass change and the resultant uskegaind
location of the exogenous mass; the findings suggest that a cdmbiodtboth
biomechanical and physiological mechanisms associated withsexgrcenergy
expenditure, were responsible for the efficiency improvemerhs therefore puts
into question the initial proposal that RMR is the dominant mechanisnmedocing
energy expenditure whilst exercising. In addition, Rosenbatied (2003) provides
support for the notion that the process of mass reduction (calonieticast may be
a key influencing factor responsible for inducing changes in phymialog
mechanisms during exercise. Since Poole ldagons’ (1988) and Rosenbaum’s
(2003) publications it has been reported that at least five minutes should be allow ed
for steady state VO2 and VCO2 to be achieved; rendering their calculations of
efficiency potentially eroneous and unreliable as stability of VO2 and VCOz2 is a

pre-requisite for accurate efficiency calculations (Wasaseret al, 2005).

To the author’s knowledge Amati et al, (2008) is the only paper that has investigated

both the singular and combined effects of calorie restriction antdsexeraining on

gross efficiency. Despite reporting a significant grofisie¥icy improvement in the
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exercise (4.7 %) and combined goup (9 %), they failed to find daficagmi
improvement in the calorie restriction group (~ 4 %). The nonsignifitading was
likely due to a grouping bias where the calorie restriction group rephesented 17
% of the total sample siz8l = 64). Itis also noteworthy that the proportion of Type
I muscle fibres decreased in both of the conditions with calorie testri@nd it was
only in the exercise training group that a greater proportion peTynuscle fibres
were found albeit non-significantly. This suggests that grossieeffy could be
significantly improved irrespective of the percentage of Typweuscle fibres,
indicating that other key physiological mechanisms are likelpaesible for the
efficiency improvement. Further criticisms of the study conceéhe absence of a
control group, an alteration of macronutrient ratios in groups involvietargi
intervention (< 30 % fat intake), insufficient dietary intake stansaiidn prior to

testing and the magnitude of calorie deficit ranging from 500-100@1&¢al

Currently, the research concerning the effect of body mass reductirgtihsalorie
restriction have ensured a period of mass stability prior tingeso limit the
likelihood of increased protein oxidation. As a result the present fsdireg limited

to conclusions concerning medium to long-term body mass reduction and not the
direct effect of calorie restriction on efficiency. The abossearch has also used
participants with low activity levels, with the majority beingsdlified as sedentary.
This has not only limited the scope of the investigations to lowigseratensities
between 10-105 W (Rosenbauet al, 2003 & Goldsmithet al, 2010); 10-50 W;
Poole and Hensen 1988; 30-105 W and Aratil, 2008; 20-75 W), but resulted in
awide range of efficiency values (7-19.0 %) allowing for the potenaghification

of relative efficiency changes. By using participants unasoust to cycling it is
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difficult to control for the possibility of a learning or trainingffect during
eyperimentation; although Amagt al, (2008) did attempt to overcome this by
performing repeated tests pre- and post-intervention with sotheipparticipants.
As a result trained cyclists would reduce some of the unknown factolgscaeds e
the range of absolute power output, improving the application ofecatestriction
studies to the changes in cycling efficiency research. Utilisanged cyclists would
also allow for the valid exploration of the effect of any potential clsamgefficien cy
on cycling performance, with an intervention not theorised to improveluabs

power output, unlike numerous training studies.

4.5 Performance implications

Based on physiological principles of calorie restriction, reduostiin absolute peak
power and endurance performance are considered to be probable in thersmor
(Perriello, 2001). In the short-term the three mechanisms believednesisle for a
performance decrement are reduced muscle and liver gycogers, stelmgdration
and a reduction inda mass (Permriello, 2001). Reductions in lean mass in particular
have been associated with an absolute reduction in maximal power and VO2max
(Weiss et al, 2007). It has also been noted that calorie restriction can slow the
recovery process, hampering the possibility of performance gaitirsg die training
season and recovery after competition (Burke, Loucks and Broad, 2006)irReduc
body mass during the competitive season is therefore not recommendtaltithse
negative effects, but it is frequently noted that athletes finlifficult to maintain
competitive body mas®’Connor and Caterson, 2010). Weight cycling is a practice
which allows athletes to reduce body mass during the competitg@nseoften

involving several short periods of calorie restriction to achievdesired body
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mass/composition, that is usually combined with a short period eédefy prior

to competition (Saarni, Rissanen, Sarna, Koskenvuo and Kaprio, 2006). Although
the process of calorie restriction in the short-term is likeljhave a negative effect
on performance power; the medium-term effects often resuédunced total body
mass, subcutaneous fat tissue, RMR and increased fat oxidation atdigbkite
intensities (Rosenbaurat al, 2003). These beneficial effects could likely improve
performance through a direct improvement in efficiency in a labgratorironment.
Moreover in an outdoor field environment there is a greater poteatiahprove
performance, due toimproved biomechanical factors combining with pbgisail
Body mass reduction has the possibility to reduce; frontal alieeit (anly very
slightly), the force required to accelerate and deceleratg¢othemass (bike and
rider) and the force required to maintain velocity up-hill (Kyle, 300is is
supported by the research of Jobsminal (2007) where body mass/size was
attributed as the dominant variable that influenced TT performamddhei field
environment, when compared to stationary laboratory cycling. The iealettrm
for the main biomechanical benefits, tend to be broadly summarizedingpaoved
powerto-weight ratio (Garthe, 2011), which when combined with physiologcal
factors could improve efficiency (Amatt al, 2008), thermoregulation and have a
CHO sparing effect. The potential for performance gainshaveever, dependent on
the rate of the initial calorie restriction to ensure miningainItissue loss (Garthe,
Raastad and Sundgot-Borgen, 2011) and that prior to performance an satiglori
is consumed to ensure adequate gycogen storage and hydrationldP&fiel).
Thus gradual and slow rates of mass reduction are recommended in gtbighs,
particularly in the short-term as research assessing théedwongeffects between

slow and fast rate mass reduction show little differences iormpehce Q’Connor
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and Caterson, 2010). Despite a strong physiological basis to sugdestlyc in the
short-term calorie restriction would be disadvantageous to perfoemaurrently
there is little research to determine the magnitude of tket efif moderate calorie
restriction in either the short- or medium-term on cycling ieffity and

performance.

73



CHAPTER 5: Rationale, aims and objectives

5.1 Rationale

Cycling efficiency is considered a key determinant of perfooma(Ettema and
Lords, 2009; Gaesseaand Brooks, 1975; Horowitzet al 1994; Korffet al. 2007,
Olds et al 1995) based on the theory that a higher efficiency either allowa f
reduction in total energy to achieve the same amount of work, thus consameirgy
or allowing a higher work rate for the same amount of energyltings in an
improved endurance capacity (Lu@aal 2002). Efficiency has lea argied to have

a direct influence onthe VO2 cost relative to power, (Joyner and Coyle, 2008) with
efficiency likely able to explain ~30 % of the variation in perfance power (Jobson
et al, 2012). Despite this, efficiency has been underrepresented in compariben
extensive research linking VOz2maxand lactate threshold parameters to performance.
The performance models that include efficiency make little acletlgement of the
effect of race distance, with efficency likely having aatge influence on
performance in longer endurance events as the saving of energymeoristi
accumulative (Jobsoat al, 2012). Jeukendrupt al (2000) calculated that a 1 %
improvement in efficiency over a 40 km cycling TT, would translate @8 second
reduction in time. This is classed as a significant amount as ®ikl.,(2006) used
2004 Olympic times to demonstrate that competitive races have loeebywnuch
smaller margns. Even though there is a strong theoretical Ik, irfeervention
studies demonstrating an improvement in efficiency have confirmeef@mance
improvement as a direct result of efficiency change. Jobsanh, (2012), reported
that only two studies have attempted to determine a direct littk performance.

Horowitz, Sidosis and Coyle (1994) approached the efficiency and parfoemink
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by classifying the participant’s fibre typeand separating participants based on a fibre
Typel % above or below 56 %. They described that a greater pmpoftiype |
fibres resulted in both a higher average TT performance power alibimg Wigher
overall efficiency. Despite the seemingly symmetricak Ibetween a higher power
output and efficiency it does not provide conclusive evidence of an inHerkent
between the two variables, particljyarbecause of the known linear relationship
between power and efficiency. More recently Passfield and 20680) found a
high positive correlation (r = 0.91) with the change in efficenog ehange in 5
minute sprint performance power following one hour of submaximal ngy 60 %
Whmax). Although this finding indicates that efficiency and sprint qrenbnce are
both affected by previous endurance performance, it does not negcegsanide
evidence that they are intrinsically linked. One hour of cycling would reaiteced
carbohydrate stores (muscle and liver gycogen), which can have betmt@ve
effect on sprint performance and efficiency through a greai@nce on FAT for
fuel. Furthermore, as sprinting utilises a high proportion of therainia energy
pathway, it could be argued that the performance measure was esentgiive of
endurance cycling. A more relevant performance measure based onutaripopt
both an amateur and professional level, would be a 10 mile or 16.1fknaset
TT. Endurance centred laboratory performance measures arguably phevidest
logical and controlled method to quantify the link with efficiencyowver, field
performance would provide a more ecologically valid link albeit attaofasducing
control over confounding variables (environmental [temperature, humidityd wi
speed/direction and precipitation], cadence and terrain). Consequenéyto the

potential positive outcomes of using both environments, this thesis ¢asimad
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both laboratory and field measures of cycling efficiency and penfmen@ order to

further explore the relationship.

There is yet to be an investigation into the short- and medium-teeat effcalorie
restriction on trained cyclist’s efficiency. Due to the potential negative health and
performance effects associated with large calorie dgfieitmoderate calorie deficit
to elicit a 500 kcallay® (~20 %) reduction in daily intake was considered the most
viable option, using portion control to ensure similar macronutrietibsraA
moderate calorie deficit over a short duration is likely to cardg small changes
in body composition and so a sensitive and reliable measure of body doomposi
was considered beneficial. Consequently prior to the prescriptionalufre adeficit,
the within- and between-day variability of body composition measw&® also
considered valuable. Additionally for the purpose of sample size Bstimiand the
determination of the smallest worthwhile change, the variability RVR,
efficiency, TT performance and blood parameters will also tableshed. An issue
with exploring the acute effect of calorie restriction isb&ential for there to be an
increase in protein oxidation. Blood Urea Nitrogen (BUN) along waitfiopmance
associated blood parameters will also be measured to establisselae and

potential physiological insights, if changes in efficiency andopmance occur.

Laboratory efficiency is all too often assumed to link direatiyh field efficiency
measures, despite differences in biomechanical and environmerithlles. Hence
this thesis will aim to explore if it is p ossible to conduct efficiency measurement in
an outdoor envimnment and compare with laboratory based stationary cyding.
Research into cyding efficiency literature also raised the issue that VO2maxtends to

be inversely related with cycling efficiency. Thus whilst colletin g this data the
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interlinking relationship with VOzmax, efficiency and performance, along with the
hypothesis that lung volume could have an influential effect on cydfiugerecy,
will be explored inChapter 11 where data across studies can be summed together

to strengthen the data sample.

5.1.1 Unpublished research

Gross efficiency and tracked body mass change data recorded taaagtsidies for
the purpose of a doctoral thesis by Hopker (2009), were re-examined rioiaet &
there was an observable change in efficiency when comparing the fagadstwest
body mass trials. Duplicate entries from the studies werevesin leaving 32 unique
male trained participant® be included in the retrospective analysis. The highest and
lowest mass values were selected out of either five laborateitg wollected over
the course of ayear or out of three visits over the course of 12 weeks duaininat
intervention study. Efficiency was measured across a number o$itige starting
from 150 W for a period of eight minutes, increasing by 30 W per stadeaniRER

> 1.0 was recorded. The average change in body mass, comparing thedrighest
lowest values (mean + SD) resulted in a -1.06 + 0.90 kg reduction. Individu
changes are presentedFigure 5.1, with 21 participants having an improvement in
efficiency and 11 having a reduction in efficiency. Gross effayie changed from
20.5 % to 21.4 % equating to a relative 4.39 % significant improverfert.Q1)
(averaged across all viable workloads). This change is sinvlathé ~ 4 %
improvement in efficiency as a result of calorie restictieported by Amatet al
(2008), and explains a large proportion of the relative 5.1 % improveme

efficiency across a competitive cycling season (Hopker, 2009).réifmspective
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analysis did however fail to show a significant relationship betvibeely mass and
efficiency change (r=0.18%,> .05). Due to the orignal research purpose, training
variability present across a competitive cycling season awdsa@n intervention
study are likely to have confounded the relationship between body mass and
efficiency. It has also been previously discussed that the mdenitmethod and
duration of energy deficit has implications for both body composition and
homeostatic control mechanisms. It is therefore unknown if theipartis mass
reduced gradually or in the immediate period prior to testing &rdaining
variability was responsible for the reduction in mass. It is ingmbito note that the
vast majority of the participants during testing were consideress stable, with the
average mass change below 1 kg. This suggests that theretentighto increase
the magnitude of body mass change if directly targeted that cautet & greater
efficiency change. Consequently, the question remains as to whitienay can

be improved as a direct result of dietary manipulation utilisgdgrie restriction to

induce body mass reduction in participants accustomed to cycling.
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Figure 5.1Individual body mass change in relation to gross efficiency change,
utilising the highest and lowest body mass measured over the coursgngf te

Note —®— =improved efficiency,®— = reduced efficiency.

5.2 Aims

e To establish the variability of the key variables; energy expamrgli body

composition and TT performance.

e To explore the effect of short- and medium-term body mass reduation

cycling efficiency in participants accustomed to cycling.

e Toinvestigate the link between cycling efficiency and performamdmoth a

laboratory and field environment.
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5.3 Objectives

e Within-day variabilty of air displacement plethysmography Il whe

compared to skinfold measurement.

o Between-day variability will be assessed three times dwaetweeks in;
gross, net efficiency, RMR, TT performance power, venous blood asalysi

body mass and composition, while participants are mass stable.

e Short-term body mass reduction will utilise a randomised crossogegnde
with two weeks of calorie restriction aiming for a 500 kizgi * deficit, using
portion control to investigate the effect on cycling efficienpgrformance

and body composition.

e Laboratory and field efficiency will be measured in a randomisedr atd®n
absolute, relative and performance intensity, comparing stationargtlayor

cycling with free cycling on a closed road circuit.

e Medium-term body mass reduction will utilise a six week dietary
intervention period followed be a six week follow-up period with arcbnt
group. Field performance will also be measured pre and posteniien in

a selection of participants.
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CHAPTER 6: GENERAL METHODS

This chapter will outline the general methods that were applig data collection
following formal approval from Canterbury Christ Church UniversiEyhics
Committee. All laboratory practices and protocols were in dapme with the
British Association of Sport and Exercise Sciences (BASESpelines and

Canterbury Christ Church sport science Laboratory procedures.

6.1 Participant recruitment

Participants were recruited via e-mail from local cyclidgbs and face to face

recruitment at cycling club meetings.

Participant criteria:

- Male cyclists aged between 18-60 years.

- Have been cycling regularly for at least two years.

- Have had no interruption to their training within the past six monthgadue
injury.

- Have verbally confirmed that they were weight stable for the three
months.

- Have no medical condition that will impair their ability to perfaatintests.

- Must not be diagnosed with metabolic syndrome.

- Must not be taking any medication.

- Must be a non-smoker.

- Must not be using any performance enhancing substances or be willing to

suspend their consumption for the duration of testing.
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Participants accepted onto a calorie restriction interventigoireel a minimum
estimated body fat 18 %, determined by skinfold analysis. This ensured that on
completion of the research that participants in a caloriggictesn study or group
would have a minimum of 16 % body fat, which is within the body fat range of 8
21% described by Whalegt al, (2006) as having normal health risks. This was set
to ensure ethical approval and therefore limits the findings tsty/elithin a close

range of 18 % body fat and above.

The study design and testing protocol were e-mailed prior to dncipant

provisionally agreeing to take part in a study and their first (Agdpendix 2). The
protocol was then explained and discussed with the participantdimgl the
potential risks, benefits and notified that they could withdraw at areyltefore they
filled out a health questionnaire and signed an informed condeperfdix 3 and

Appendix 4 respectively).

6.2 Pre-testing controls

Prior to each visit participants were asked to refrain fraengbus exercise for 48
hours, caffeine for 24 hours and to arrive in a fully rested and hydrate@Pstagle

and Jones, 2002; Jenkiesal, 2008).

6.2.1 Dietary

Before testing participants completed a 72 hour food diary, cithied written
(Appendix 5) or on a free electronic nutrition and activity package (My FiPas
2015). Macronutrients in grams were converted to kilocalories (kcalp uke

following conversion: CHO = 3.75 kcallg, FAT =9 kcallg, PRO = 4 kcal/g (&lli
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Hunking and Stear, 2011). To date MyFitnessPal has not specifiuedly validated
against traditional dietary software (Jospe, Fairbairn, Grewh,Parry, 2015). A
similar online software has been compared to 24 hour dietary seallreported
only small mean differences in kcal intake (16 and 105desal) across two sample
days with 50 participants, although some individual differences wesergr(Carter,
Burley, Nykjaer and Cade, 2013). MyFitnessPal (2015) is also thefregsently
used dietary online based software reported to be currently used.4f 3#
dieticians surveyed that monitor the dietary intake of athletespé) Fairbairn,
Green, and Perry, 2015). MyFitnessPal (2015) was used above more tahdition
software as it benefits from increased accessibility viaohile phone applicatign
allowed for real time monitoring and has the largest food datgbdsenillion foods)
compared to Nutritics (2016; 10,000 foods) and CompEat (2016, > 6000 foods),
increasing the the accuracy when determining calorific contemtebe different
brands. Furthermore mobile diet applications have been demonstrated etise
engagement verses written food diaries and web based records (TuBeew et

al., 2013). To ascertain validity, 50 separate foods (equivalent to~ 120Q0vkests
analysed based on 100g of each food with Myfitnesspal (2016) and N{R@iks)
software. Limits of agreement compared the databases kcals gfaarbohydrate,
protein and fat. The error for the total kcals between online dastabaas 0.012 %
and the limits of agreement were 0.365 Po>.05), the carbohydrate and fat in
grams were comparableP & .05). Protein in grams was significantly lower with
Myfitnesspal P < .05) but equated to 0.75 g difference per 100 g or 3 kcals, which

is considered a very small margn.
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6.2.2 Training

Training sessions were predominantly recorded with electronievaeftpackages;
Garmin Connect (2015), STRAVA (2015) and Training Peaks (Peaksware, 2015) or
were recorded with a written activity diary when preferrégpéndix 6). Data was
collated in weekly segments to assess differences in dis{enge time (mins),
speed (knint) and elevation (m). This data was collected during testing phades
where possible in the six weelpreceding the participant’s commencement of the

study. Participants were instructed to replicate theiriexerand nutrition as closely

as possible before each subsequent trial. Particular emphasigiveta to ensure

participants consume the same meal two hours prior to testing.

6.3 Environmental conditions

The conditions within the laboratory and field environment were recorded tp

all testing. Temperature was controlled in the laboratory wnthia conditioning
unit, while humidity and barometric pressure were recorded (TestoGE2many ;
F.D. & Co. Ltd. Watford, UK). In the field environment temperature, humidity a
barometric pressure were recorded immediately prior togestih data from a local
weather station providing within test conditions (World Weather Online, 20&8). S

individual study methodology for mean + SD of the environmental conditions.

6.4 Body mass and stature

Free standing height was measured using a fixed stadiometera ngsolution of

0.001 m (Seca 220, Hamburg, Germany) with feet together, heels and ag@ér p
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the back touching the back plate and head placed in the frontal plarter(bt al,
2000). Participants was asked to void their bladder prior to body neassinement

using balance beam scales with a resolution of 0.01 kg (Seca, 761, lgambur

Germany).

6.5 Lung volume and function

Vital capacity (VC) in litres and forced expiratory lung voifirEM) in litres over
one second were measured using an open-circuit mechanical spiromet
(Vitalograph Ltd, Maids Morton, UK). Participants wore a nose afipl conducted

a familiarisation test before they were asked to exhale nmalyi the tests was
repeated three times and the highest VC andiRElles were selected (Quarijer,
Tammeling, Cotes, Pedersen, Peslin and Yernault, 1993).

FEV.s™! (L)

FEV % =
V% Ve(L)

Equation 10.FEV % (Alison, 2007)Where FEV, forced experiatory volume and
VC, vital capacity.

6.6 Body composition

Body density was assessed with two indirect measurement techniqubstthase

a two compartment model; lean mass BERd.
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6.6.1 Air-displacement plethysmography

The air-displacement plethysmography device (BOD POD, lifasdrement, Inc,
Concord, CA) was calibrated with 20 kg weights and a standardisiedatoan
cylinder (50.039L) prior to every test. Participant’s age (yrs) and height (cm) were
entered into the control panel and weighed using the supplied scalpart&lpants
wore standardised Lycra swimming shorts and a swimming cap. Body v(aurie
was calculated three times and an average was taken to detdoouly density

(g.cn).

Body Volume (L)
= Measured body volume — surface area artifact

+ 40 % TGV

Equation 11.Bod pod body voluméDempster & Aitkens, 1995Where TGV,

Thoracic Gas Volume.

Mass (g)
Volume (cm?)

Body density (gcm?®) =

Equation 12.Body density(Siri, 1956).

6.6.2 Skinfold measurement

Ten skinfold sites were identified and measured; Bicep, Tricemscapular,
Surprailiac, Suprapinale, Abdominal, mid-Axllary, Chest, Thigh ametlial Calf
(Norton et al, 2000; Knechtle, Knechtle and Rosemann, 2011). All sites were
marked with a cross, with measurements taken by using the thumb andingeex

perpendicular to the skinfold site halfway between the crest agwl dfathe fold

(Whaley et al, 2006). The skinfold callipers (Harpenden Skinfold Callipers, Baty
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International, West Sussex, UK) were applied 10 mm inferiohéocentre of the
cross and recorded after two seconds with dial graduation of 0.2 mm and
compressibility of 10 gms/mm All measurements were taken on the right side of
the participants by myself, a trained Level 1 Anthropometngeithational Society

for the Advancement of Kinanthropometry, [ISAK]) (except for studZhapter

6] which was conducted post training but prior to accreditation). Hbehvas taken

in rotation and then repeated, if the second measurement differed haoored % a

third measure was taken. An average was used for two measuresnettibia if
three measures were recorded. The age of the participantoapif@ing of the study

dictated the equation used throughout.

Body density = 1.10938 — (0.0008267 x X Chest, Abdominal, Thigh)
+ {0.0000016 X (X Chest, Abdominal,Thigh)?}
— (0.0002574 X% age)

Equation 13.Equation to calculate body density using three skinfold sites for
mdes aged 18-61 (yrs) (Jackson & Pollock, 1978).

Body density = 1.112 — (0.00043499 X X skinfolds)

+ {0.00000055 X (I skinfolds)?} — (0.00028826 X age)

Equation 14.Equation to calculate body density using seven skinfold sites for
males aged 18-61 (yrs) (Jackson & Pollock, 19M8)e Where the sum of the

skinfolds are; Chest, mid-Axllary, Tricep, Subscapular, AbdomBafrailiac and

Thigh.
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Age (yrs):

17-19: Body density = 1.1620 — (0.0630 X LOG X skinfolds)
20-29: Body density = 1.1631 — (0.0632 X LOG X skinfolds)
30-39: Body density = 1.1422 — (0.0544 X LOG X skinfolds)
40-49: Body density = 1.1422 — (0.0544 X LOG X skinfolds)
>50: Body density = 1.1715 — (0.0779 X LOG X skinfolds)

Equation 15.Age dependent equations to calculate body density with four skinfold
sites for males (Durnin and Womersley, 19MNte Where the sum of the

skinfolds are; Bicep, Tricep, Subscapular and Suprailiac.

6.6.3 Densitometry

Densitometry is the process of using body density to derive body compaast a
percentage of body fat. The Siri (1956) equation was used to convert body densi
from both skinfold and air-displacement plethysmography measurenireiatsan
estimated body fat %.

4.95
density

Body fat % = ( — 4.50) x 100

Equation 16.Densitometry (Siri, 1956)
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6.7 Respiratory gases

Two breath-by-breath indirect calorimetry devices were usedOxycton Pro
(Jéaeger, Carefusion, Hoechberg, Germany) which is a laborateegd aetabolic
cart system and an Oxycon Mobile, a portable version consistingvcotmall
modules (Jaeger, Carefusion, Hoechberg, Germany). Both devices g@rovide
measurement of oxygen uptakée, L'min?), carbon dioxide productiofVCOz,
L'min) and respiratory exchange ratio (RER). Calibration proceduess similar
with devices having a minimum warm-up period of 30 minutes, with tempe,
humidity and barometric pressure manually input to the softwaregeackae main
difference between the two devices is the Oxycon Pro uses thmggaretic
principle and infrared absorption method 802 and VCO2 measurement
respectively, whereas the Oxycon Mobile uses an electrochepgitgor VO2 and
thermal conductivity foWCO2 (Diaz et al, 2008). The devices were calibrated with
certified calibration gas mixtures (Oxycon Pro: 5 %2C041 % O2and 81 % N,
Oxycon Mobile: 5% CQ 16 % @ and 79 % N). Both devices measure volume
with the same tripleV, turbine set-up and were calibrated witineg litre syringe
(Carefusion, Hoechberg, Germany). The facemask was connected totbétsld
participant with head gear and it was verified that there wasakade of air. The
Oxycon M obile modules were attached with the supplied harness on thefblaek
participants with live data being transmitted telemetgicalvhile simultaneously
recording data on to a memory card (8@pendix 7 for laboratory set-up). All data
was recorded breath-by-breath and averaged over 10 second intervalsy e O
Pro has been previously validated against the gold standard Douglanetyand
(Rietjens, KuipersKester and Keizer, 2001; Carter and Jeukendrup, 2002). The

Oxycon Mobile has also been validated against the Dougdlas bag m&bsdbiil,
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Gullstrand, Salier-Eriksson, Johansson and Schantz, 2010) as veefiast the
Oxycon Pro, withlvO2 andVCO2 reported to be similar during steady state exercise
(Perret and Mueller, 2006). Interclass correlations of ~0.8-0.9 hawverbgerted
when comparing between devices, with no significant differencesortegp

(Akkermanset al, 2012).

6.8 Resting metabolic rate

Resting metabolic rate (joulssc!) was assessed with the participants in a quiet
thermo-neutral environment on a massage table in the supine posifame. Aask
was used to collect breath-by-breath data with indirect cakvyimmeasurement.
The face mask has been shown to be more comfortable and premsesatring
RMR (r = 0.992) than a mouthpiece (r = 0.977) when compared to the vehtilate
hood attachment (Sega, 1987). The initial duration was for 30 minutes dtuahg

1 (Chapter 7) and 2 Chapter 8) but was reduced to 20 minutes for study 4
(Chapter 10). Resting metabolic rate was determined by the avevéeand VCO:2
values between minutes 10-20 and was also used for the purposefttiaptcy
calculation. The equation used to derive energy expenditure was bsthlflism an
updated non-protein equivalent table presented in Péronnet and Megdiédit).
This equation was used over the Lusk tables (1924 & 1928) and Brouwer (1975)
(cited in Moseley and Jeukendrup, 2001) calculations as it was thecummst,
provided greater divisions between the increments and is usednh efitgency

research (Hopker, 2013).
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Energy Expenditure (J's™1)
= {1.156 x (VCO, + V0,) + 4.037} x {V0, x (4.186 +60)}
X 1000

Equation 17.Energy expenditure equatidéronnet and Massicotte, 1991).

WhereVCOz = carbon dioxide output and VO2 = oxygen uptake.

6.9 Power measurement

6.9.1 Laboratory

All laboratory tests were conducted on an SRM cycle ergometer (&ahdRed

M esstechnik, Welldorf, Germaiythat wascalibrated according to manufacturer’s
instructions and fitted with the patfiant’s clipless pedals. On the first visit of every

study the participants’ road bicycle was measured (Figure 6.1), applied to the
ergometer and recorded for future testing. Zero power offsetsreseteimmediately
prior to testing. Power output (Watts) was recorded in 1 secormmvalg and
averaged over one minute. The accuracy of the scientific eigah sauge SRM
ergometer is reported by the manufacturer to be 0.5 % (Gaedrad;, 2004), but
experimentally reported to have an error of 2.36 % (Martin, kéillj Cobb,
McFadden and Coggan, 1998). This has been validated and consideredbbecepta

(< 5 %) against the gold standard Monark Ergometer (Jones and 8asd@8).
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Figure 6.1 The location of the road bicycle measurements. A = Top of seat to pedal
centre in 6 o’clock position. B = Middle of saddle in line with seat post to centre of

handlebars (tops). C = Centre of handlebars to floor. D = Crank centre to floor.

6.9.2 Field

An eight-strain-gauge rear wheel PowerTap device (PowerTap & cleOps,
Madison, USA), and display computer (Joules, CycleOps, Madison, W@re
fitted to the participants road bicycle prior to field testifityre pressures were
standardised to 120 psi with a track pump (Joe Blow Sport, Tomeak USA)
(Grappe, Candau, Barbier, Hoffman, Belli, Rouillon, 1999) and powet®figere
zeroed by freewheeling prior to testing. The PowerTap wheel leasrbported to
read systematically higher powers by 2.7 % when compared to Mes&R@meter
cranks in field conditions (Bertuccet al, 2005). Nevertheless, Duc, Villerius,
Bertucci, Grappe (2007) determined that the PowerTap device was cuaé to the
over estimation being systematic and a CV of 2.5 % reported dueadysstate
cycling verses 2.4 % with SRM cranks. To correct for the diffesertmetween the

devices, power outputrecorded with the PowerTap wheel was reduced%yp#aof
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to efficiency and economy calculations. This correction wasilaocordance with
simultaneous SRM and PowerTap measurement using a road bicy ctecadnaill

in the laboratory (se@ppendix 8).

6.10 Heart rate

A heart rate monitor (Polar Wearlink, Polar Electro Oy, Kemgéldand) that was
moistened prior to fitting was worn around the chest throughout tefiEgling
heart rate KRR, beatsnin™), exercising heart rate (HRbeatsnin) and maximal
heart rate (HRax beatsnin™) were downloaded in one second data and averaged

over one minute.

6.11 Maximal testing

An incremental exercise test to volitional fatigue was prerdr to determine the
highest Whax and maximal oxygen uptak€@2zmax) averaged over one minute. Two
of the following three criteria had to be met for it to be determied the participant
reached VOz2max. 1) The highest heart rate averaged over a minute within +2
beats- miit of the age-calculated theoretical maximal heart raterndieie as 220
minus age. 2) RER > 1.1. 3) A visible plateau in the participants VO2 (increase < .05
L'min’Y) in the last 30 seconds of the test. The protocol began at 150 W for 5 minutes
and increased by 5 W every 15 s until a cadence > 6fniiney could no longer be
maintained despite standardised verbal encouragement (Cole, Colempker,
Wiles, 2014). Participants were allowed to select their pedfetadence, had the use
of a fan which was set at a standardised speed (Woods air movemedolthédster,

UK) and were instructed to remain seated throughout. Incrementalsex¢esting
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has been shown to be a sensitive and reliable measuremafdde to a within
participant coefficient of variation of just 1.32 % and an intgsclaorrelation

coefficient of 0.99 (Balmer, Davison and Bird 2000).

6.12 Blood sampling

All blood samples were taken during a standardised five minute recpedd after
steady-state efficiency and prior to time-trial commencemmger prick samples
were only collected on laboratory testing days when efficienmgt peerformance
were measured. The skin was prepared with an alcohol swab te ahstirthe
sample was not contaminated and to reduce the risk of infection. me&aohol
had evaporated a singe-use disposable lancet (accu-Checki Bafe Roche, UK
was used to bring blood to the surface. The first drop of blood was alwsaasdaid
and a 75 sample of blood collected in a capillary tube (Micro-HaemadtoEtibes,
Brand, Wertheim andsamany). The sample was immediately syringed into a
singe-use disposable cartridge (EC8+, Abbott, lllinois, USA) andeglan a
portable clinical analyser (PCA) (-STAT, Portable 200, Abbdithois, USA).
Following the insertion of the cartridge a calibration solution is imabelgli released
and the cartridge biosensors monitored throughout the process of rehydrati
calibration and analysis. In the event that a response falls oubsickhe
predetermined limits the software excludes the outcome frosp#ugic biomarker
(Jacobs, Vadasdi, Sarkozi and Colman, 1993). The PCA provided instantaneous
measurement (150 sec) of the participants: sodiur),(patassium (K), chloride
(CI), total carbon dioxde (TCf), blood urea nitrogen (BUN), ducose (Glu),
haematocrit (Hct), acidity (pH), partial pressure of carbooxde (PCQ) and

Haemogobin (Hb). The PCA was tested against strict nationaltyqeéhndard,
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requiring test results to be within 95 % confidence intervals cmup&o
conventional laboratory tests. Na&™ and PCQ were within national standard and
although pH, Hb and Hct were outside of the criteria, the differenees s® minor
that they were less than that which was considered clinicallyficagni (Schneider,
Dudziak, Westphal and Vettermann, 1997). Total dissolved carbon did3ide,
BUN and Glu had correlation values between 0.98-0.92 and were also repdréed t
reliable when compared with standard laboratory testing (DascoRéeahurn,
Sirotic, Coutts and 2007; Baiett al, 2003. These markers were used to provide a
more comprehensive description as to theticipant’s physiological state
immediately prior to a time-trial as well as further expl the physiological effect

of the interventions.

6.13Laboratory efficiency measurement

For accurate and valid efficiency measurement the exercisensity must be
constant to elicit steady-state energy expenditure whilerirggpaith a respiratory
exchange ratio (RER) <1.00 (de Koning, Noordhof, Uitslag, Galiart, Dodge, Foster,
2013). Therefore, participants cycled on the SRM ergometer wékdgdined
submaximal absolute and relative exercise intensities; 150 ¥4 &td 60% Wmax
for eight minutes respectively in study 1 and 2, with the 50 % intensity beiitted

for study 3 and 4 (Hopkeartal., 2013).VO2, VCOz, and power (W) were averaged
from the last two minutes of each stage. Energy expenditure fiasiehey were

calculated usindequation 3, 4 and 17
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6.14 Laboratory time-trial testing:

Time-trial (TT) testing, defined as a closed-loop exerciseconsidered a highly
reproducible exercise test that reflects a more realsteEnario of competition
compared with timée-exhaustion testing (Correia-Oliveira, Bertuzzi, Dal'Molin
Kiss and Lima-Silva, 2013). Simuldtelaboratory based 16.1 km TT’s were
conducted following efficiency and blood sampling. A familiarisatidim was
conducted prior to performance measurement as recommended by Zastoadky
(2007) to reduce variability between the first and subsequent triaficifants
began the 16.1 km self-paced TT on the SRM ergometer in freentekt and
specified; a rolling start, data-restriction (only distance) (nsible) and were
instructed to remain seated. Conductili@’s in the laboratory allowed for the
assessment of mean powern(3h and the calculation of cycling economy (CE) by
averaging power output aridO2 over the entire TT. Mean power during repeated
laboratory based TT’s have been reported to be a consistent measure of performance

(CV =1.9 - 2.1%) (Sporer and McKenzie 2007).

Work rate (W -min~ 1))

Cycling economy (W-LO, *min~1) = -
yeung y (WLO, ) ( V0, (Lmin-1)

Equation 18. Cycling economy (Fariat al, 2005).Where VO2 represents
oxygen uptake.

6.15 Field testing

Field tests were conducted with permission at Fowlmead Counky Pesl, Kent,

14 meters above mean sea level on a 1.359 km closed-road circuit cheastira
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counter measuring wheel on the racing line (Stanley, Berkshire, ndiki)adden in a
clockwise direction (se€igure 6.2for a graph depicting changes in altitude over
the course of a lgpThe participant’s road bicycle was fitted with a rear wheel power
device (PowerTap Pro, CycleOps, Madison, USA) and display computer @B&le
Promotion, CycleOps PowerTap, Madison, USA). Both tyre pressuge w
standardised (120 psi) (Grappeal, 1999) and power offsets zeroed. Following a
30 minute equipment warm-up period with an external power supoistaple
Power Station, 12v, Streetwize, Manchester, UK) the Oxycon M obileahlasated

in the same manner as the laboratory tests immediately préstimy. The facemask
was attached with headgear, analyser placed in a harness withdzhtlesrresting
on the back of the participant and cycling helmet secured Appendix 9).
Participants were previously familiarised with the circuntl aompleted three laps
self-requlating power at 150 W and three laps &0&Umax. Following a five minute
rest period the participants began the TT with a rolling ataitcompleted 16.1 km
(11.85 laps) as fast as they could with time, power and speed data obshersthr(l
and finish lines were indicated with cones and a manual lap coudieated the
number of laps left (Canterbury Christ Church University, in house). UK
Participants were instructed to remain seated throughout th&fiidency and

economy sampling were conducted with the same criteria as thattalgaresting.
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Figure 6.2 The altitude of a singe lap on the closed-road circuit relabveean

sea level.

6.16 Data analysis

Descriptive and analytical statistics were calculated uSkagl (Microsoft, version
15.0.4737.1003), SPSS (IBM, version 22) and graph pad prism (version 5.0). All
data are reported as mean and standard deviation (SD) unlessisattstated and
the Shapiro-Wilk test assessed normality. An alpha level mifisance for all tests

was set at 95%P(< 0.05).
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CHAPTER 7: VARIABILITY OF BODY COMPOSITION ASSESSME NT,
BLOOD PARAMETERS, ENERGY EXPENDITURE AND TIME-TRIAL
PERFORMANCE.

7.1 Introduction

Establishing the reliability of measurement is pivotal in theerdenation of
appropriate assessments in sport and exercise science. comtéé¢ of this thesis,
the generation of reliability data can also help to inform studigdeand ultimately

enhance the interpretation of study results in the drawing of conclusmmsdéta.

There are a number of sources of variability in measurementsnébdt to be
considered by the researcher in the context of this current work 1)ncetherror,
2) biological error and 3) experimenter/tester error. Although smetdifficult to
differentiate between these sources, identifying the overall \ityiafwften referred
to as noise) can allow the experimenter to identify if particolaasurements would
be appropriate to include in subsequent investigations. Noisy or unreheblires
may have substantial constraints in terms of the numbers ofigaart& required to
objectively ascertain if there are differences (or no diff@@novhen conducting
cross sectional orlongtudinal studies. Utilising more religojeip ment/techniques
to derive data may reduce the ‘costs’ in terms of participant and laboratory staff time
during data collection, thus where possible from a resourcing and ettasicdp oint
systems or techniques should be evaluated to ensure that data collecpoimised

where possible.

For the purpose of this thesis there are three broad areas toatgesn terms of
reliability; body mass and body composition, blood parameters, and &semsst

of laboratory efficiency and economy. Although there are numerousestudi
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published on reliability, alterations in participant categorge/{ftiness/competitive
level etc.) (Hopkeet al, 2007), specific laboratory equipment (Hopéeal, 2012),
and laboratory technical staff (Perini, de Oliveira, Ornellas @lidkira, 2005) may
alter thereliability coefficients generated, thusa conseevapproach is often taken
to derive this data in a manner which would mirror data collectionlaggrastage of

an investigation.

Body mass and composition:

Body mass (kg) has a very low equipment variability due to tha ofichanical

nature of the measurement, whereas within-day body mass fluctuanensell

known to occur with hydration, stomach, bowl and bladder contents (Fairburn and
Cooper, 2014) and can be manipulated by as much as 2.27 kg (Cotugna, Snider
and Windish, 2011). Within-day body mass can be standardised by testmdeaat s

times of day and controlling food and water intakes prior to particigaessment.

The variability and reliability of methods to assess body compositiary
substantially based on the methods used and their limitations. Alagisment
plethysmography (utilising devices such as the Bod Pod) limigstiegter error but,

IS susceptible to variations in total water content, air movementnvwitailaboratory
environment and participant cooperation to breathe consistently andhis@ni
movement. These are clearly identified in the instruction manudahése devices,
however these can be more difficult to ‘control’ prior to and during assessment (Bod

Pod, 2013). Skinfold measurement as an alternative technique to assgss bod
composition is less affected by total hydration, but has a higher @ster-variability

(McRae, 2010) and only accounts for subcutaneous adipose tissue fluctu@iions.
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of the major uses for the assessment of body compaosition is in the redudbiody of
mass (usually to reduce body fat) in athletes and the general agpopuhowever
changes in body mass can also alter hydration status of an individaal. bddy
water is reasonably stable under isocaloric conditions, however adhynodiet
which induces a negative energy balance is likely to reduce watal storage
through an increase in gucogenolysis. Glucogenolysis is the biochemi@isg of
breaking gycogen polysaccharides into gucose molecules whighsres excess
water being excreted (~3 to 4 grams of water for every ghglycogen, Olsson
and Saltin, 1970), causing a temporary reduction in body mass (KamitZZoxon
and Szaz, 1992). This reduction in total water storage can doubly BfiectPod
estimations of fat (kg), as mass is used in both the body densitjioequad
conversion of a percentage tokg. Skinfold body fat % is calculated wittasstand
is only affected when converting body fat (%) to fat mass (kg). Thelsoievidence
to suggest that visceral adipose tissue is utilised pre@hendver subcutaneous fat
during the early stages of both moderate and severe caloriectiogst{Chaston
and Dixon, 2008). This is an issue which is more pertinent to skinfelebsament
but not excluding Bod Pod measurements, with a lack of sensitivity et dgtecific
changes in visceral fat other than through total mass changes. @eroc of the
measurement (TEM) is the most commonly reported determinatiGmpoécision
within anthropometry (Ulijaszek and Kerr, 1999) and is importargstablish prior

to dietary manipulation.

Blood parameters:

Basic metabolic blood panels are commonly used to assess plaball;
specifically kidney function, acid/base balance, electrolyte, blood sndacalcium
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levels (Daniels, 2010). Traditional testing usually requires thectiotie of 5 mL of
blood with results available within 24 hours, there are analysiemsgghat offer
faster analysis times (e.g. Portable Clinical Analyser AfpGequiring small
volumes of blood (75:) allowing for quick and affordable multiple parameter
analysis, making metabolic blood assessment more accessible abiel imi sport
science Laboratories. Not only is it beneficial to monitor the hedliarticipants
during an intervention study, it could also provide a metabolic insighttireteffect

of calorie restriction on an exercising population, and further werkel be used to
predict changes in performance. Calorie restriction has beartagpto affect
measures of Hct, Hb, K+ and BUN (Kreitzman, Coxon and Szaz, 1992athll
Everds 2014), with other factors such as; dietary macronutrient irkakiez(man,
Coxon, and Szaz, 1992), dehydration (Billett, 1990) and training volume and
intensity (Metheny, 2012) also having the potential to confound results. Torynaj
of reported validity research with the PCA have not stated thasemgr habits of
the participants and commonly use patients admitted to intensiee umits,
operating rooms and accident and emergency centres (Jacobs, ,\Va&aasdzi and
Colman, 1993Schneideret al, 1997; Baieret al, 2003). The specific variability of
each blood parameter measured with the PCA on a weekly basisalihyhe
participants is unknown, as the main clinical focus has been to valaaRCA with

standard laboratory equipment and not to assess natural fluctuation.

Efficiency and Economy measurements:

The primary dependent variable in this thesis is energy expemdit the form of

gross efficiency, net efficiency and cycling economy. Grosseeftig coefficient of
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variation (CV) has been reported to be between¥d(Bopkeret al, 2012) and 4.5

% (Hopkeret al, 2007), this 3 % discrepancy can have substantial implications for
estimated sample sizes and is thought to be predominantly due fomeqgui
differences (Dougas bag verses online gas analysis systefis)participant
training status also having a likely effect. There are other musidactors that have
been demonstrated to influence the efficiency values obtained irbtnattary and
must be controlled during assessment such as; pre exercising otkett(@l, 2013),
exogenous carbohydrate supplementation (Duetkal, 2007), exercise intensity
(Hopker et al, 2013), cadence (Jacobs, Berg, Slivka and Noble, 2013),
bicyclelergometer set-up (Faria, Parker and Faria, 2005) and at@tyor
environmental conditions (Hettinget al, 2007). These factors are also likely to
influence the raw power output generated during any simulated triiahe-
performance, and again these have been noted in numerous papersyBiaiard
Croft, 2011; Peiffer and Abbiss, 2011; Correia-Oliveira, BertuzziMmdin Kiss

and Lima-Silva, 2013)A study that has controlled these factors have demonstrated

CV’s of ~2% for performance power output in the laboratory (Smitlet al, 2001).

The collection of data for this thesis is utilising some equipmenteahadiques that
reliability data have not been previously reported. With the Vyalmf some
measures also reliant on ‘experimenter/tester error’ the aim of this study was to
determine the TEM and CV for skinfold and Bod Pod assessment as wellesrbet
day CV for blood parameters, TT power, RMR, gross efficiency, fiieercy and

economy.
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7.2 Methods

7.2.1 Within-day repeated measures

Twelve exercising participants (age 27 = 5 yrs; height 1.7508 m, body mass
71.64 £ 10.42 kg) gave their written informed consent to participate iwithe-

day investigation and satisfactorily completed a health questienrarticipants
were asked not to exercise strenuously 24 hours before, not to eat two lowes be
and void their bladder immediately prior to testing. Free standirghthébeca 220,
Hamburg, Germany) and body mass (Seca, 761, Hamburg, Germany) welledec
at the begnning of the visit. Ten site skinfold and Bod Pod assesswenrd
conducted in a randomised order and repeated three times, resultingg iskihfold
measurements per site and nine separate whole body volumesttiéilp arsts wore
standardised Lycra swimming shorts and a swimming cap for Bod P
measurements. Skinfold body density was calculated using thregsemprations:
Jackson and Pollock (1978) 3-site, 7-site and Durnin and Womersley (197d.) 4-s
The Siri (1956) equation was used to convert both skinfold and Bod Pod densities to

body fat (%) (see€Chapter 6 for skinfold equations).

7.2.2 Between-day repeated measures

Seventeen male cyclists (age 42 £ 9yrs, height 1.79 £0.07 m, body mass 81.7 + 9.5
kg) were recruited from local cycling clubs, gave their writtdormed consent to
participate in the between-day investigation and satisfgctaoimpleted a health
questionnaire. Participants conducted/@emax visit and three visits where steady

state efficiency and 16.1 kKiil”’s were undertaken during each subsequent visit one
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week apart. Participants were instructed to maintain their boags and usual

training across the four week period.

Anthropometry:

Free standing height and body mass were recorded at the begnningyovisit.

Ten site skinfold and Bod Pod assessments were conducted prioritg agpch
randomised order. Skinfold body density was calculated using the sap® thr

skinfold equations described in the within-day measures.

VO2max

An incremental exercise test to volitional fatigue was peddrran an SRM cycle
ergometer (Schoberer Rad Messtechnik, Welldorf, Germany) thahdyasted to
participant’s road bike geometry and fitted with compatible clipless pedals. The
protocol began at 150 W for 5 minutes and increased by 5 W everyudfi s
cadence > 60 (rewint) could no longer be maintained (Cole, Coleman and Wiles,
2014). Gases were recorded via indirect calorimetry (Oxycon Rexger]
Carefusion, Hoechberg, Germany) and a heart rate monitor was hvacgHout
(Polar Wearlink, Polar Electro Oy, Kempele, Finland). Power outpatt§)Vwas
recorded in one second intervals and gas data averaged over 10 seconahanM ax
minute power an&/Oz2maxwere determined by the highest average W'Dd over

one minute.

Resting metabolic rate:
Participants laid in the supine position wearing a heart rate onamia quiet thermo-

neutral environment with a facemask connected tothe Oxycon Pro cgllectath -
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by-breath data for 30 minutes. Oxygen uptake\@@@: data were sampled between
minutes 10-15, 15-20, 20-25, 25-30, 10-20 and 20-30 for the determination of the

least variable time measurement. Energy expenditure valuesdsw@rmined with

Equation 17.

Efficiency and timetrial:

Participants cycled at three steady-state intensitiesgfdr minutes each; 150W, 50
% and 60% Wmax (Hopkeret al., 2013). During a standardised five minute recovery
period after steady-state cycling but prior to the commencemetite af T a finger
prick blood sample was analysed with a PCA (i-STAT, Portable 2Bbptt, IL,
USA). This provided a measure of the participants: sodium),(\datassium (K),
chloride (Cl), total carbon dioxde (TCf), blood urea nitrogen (BUN), gucose
(Glu), haematocrit (Hct), acidity (pH), partial pressure di@ardioxide (PCQ and
Haemogobin (Hb). The 16.1km self-pacelT detailed; a rolling start, data-
restricted to distance covered (m) and for participants tdrreseated.VO2, VCO2
and power were averaged during the last two minutes of each atdgéor the
duration of the TT. Gross efficiency, net efficiency and economy wadculated as

outlined inChapter 6.

7.3 Data analysis

Descriptive and analytical statistics were calculated usSkegl, SPSS and Graph
Pad Prism. The data was visually checked for the presence ofsoatle Shapiro-
Wilk test used to assess normality. Technical error of theuneeasnt (TEM) and
TEM % were calculated comparing; the first and second skinfolduneeasnts for

all ten sites (mm), for the 3-site, 7-site and 4-site equatioatswere used to
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calculate body density (g.cc) and when converted to estimated body fiat & a
in kg using the Siri (1956) equation. Technical error of the measuremastlso
calculated for Bod Pod repeated measurements of volume, density (gtitoptesl
body fat % and kg. Within-day repeated measurement of typicat emene
presented as CV % using all three of the repeated observation®rtoinketthe

least variable method of fat % and mass (kg).

ID?
TEM = |—
2N
Equation 19. Technical error of the measurement equation (Ulijaszek and Kerr,

1999).Where D is the difference between repeated measurements andhéN is t

number of individuals measured.

TEM
TEM (%) = (W) % 100

Equation 20.Technical error of the measurement as a percentage (Perini, de
Oliveira, Ornellas and Oliveira, 2005). Where: VAM is the variableragge mean
(calculated firstly within each repeated skinfold for each @it and then

averaged overall).

SD
C'I (V) j— (
& M

) x 100
ean

Equation 21.Within day coefficient of variation calculation, adapted from Sheskin
(2003).

Between-day repeated measures

Repeated measures ANOVA’s with repeated standard contrasts were performed on

all of the data with multiple trials. Data was assesseth thie Mauchl’s test of
sphericity with a threshold of < .05, where data was found to have significant

sphericity the Greenhouse-Geisser correction was used. Post-lwasea
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comparisonswere used to determine the specific location of any significant
differences. Typical error as a coefficient of variation @Y and lower and upper
confidence intervals were calculated using log transformed dthaavepreadsheet
by Hopkins (2011).Pearson’s product moment correlation analysis assessed the

agreement between the mean skinfold and Bod Pod estimations of body fat %.

7.4 Results

7.4.1 Within-day repeated measures

Seven out of ten of the skinfold sites had a TEM % < 5 % resultinthe
measurements being deemed taken by a skilful anthropometrist, hieg just
outside this range classifying the skinfolds well within thepdetde limits for a
begnner anthropometrist (< 7.5 %) (Perini, de Oliveira, Ornellas andir@| 2005)
(seeTable 7.1). The Durnin and Womersley (1974) 4-site equation resulted in the
lowest TEM % and CV % when comparing body density and throughout the
estimation of body fat % and mass (kg) using the Siri (1956) densitorggigtion

(see Table 7.2. Bod Pod total volume had a lower TEM % and CV % when
compared to all individual skinfold measures, but had a TEM % and CVéé thr
times greater after density calculation and more than double WwheBirt equation
was used to estimate body fat % and mass (kg) Tgble 7.3. The 4-site skinfold
equation showed the highest agreement with the Bod Pod’s mean estimation of body

fat % and mass, with only a-0.24 kg lower estimate of fat mass.
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Table 7.1Within-day site specific skinfold data.

Skinfold site Mean + SD (mm) TEM (%) CV (%)
Biceps 53+26 5.65 3.49
Triceps 12.2+6.2 1.57 0.90
Subscapular 105+4.8 2.48 1.75
Supra iliac 145+ 8.8 3.67 1.80
Supraspinale 9.8+43 4.48 1.99
Abdominal 16.3+6.4 5.82 2.44
Mid-Axlla 7.9+47 4.78 3.21
Chest 8.1+44 5.69 2.34
Thigh 16.5+ 8.6 3.91 1.55
Medial Calf 8.6+3.6 3.05 1.78
Sum of 10 109.85 + 1.45 1.74 1.20

Note: SD, standard deviationf EM, technical error of the measurement, CV,
coefficient of variation.
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Table 7.2A within-day comparison of body density, body fat % and body fat (kg)
calculated with 3, 4, and 7 skinfold site equations.

Equation Mean + SD TEM (%) CV (%)

3site  1.06359t 0.01664  0.06 0.05

D(Z'_‘:Ci;y 4site 1.05658+0.01646  0.04 0.04
7site  1.06265+0.0162¢  0.05 0.04

3 site 16.64 + 7.31 0.28 151

Body fat (%) 4 site 19.87 +7.32 0.21 1.12
7 site 16.72 £ 7.06 0.24 1.24

3 site 11.51 « 4.86 0.19 151

Body fat (kg) 4 site 13.67 £+ 4.66 0.15 1.12
7 site 11.76 + 5.34 0.17 1.24

Note: SD, standard deviation EM, technical error of the measurement, CV,
coefficient of variation.

Table 7.3Within-day Bod Pod data showing volume, density, fat % and fat mass.

Bod Pod Mean + SD TEM (%) CV (%)
Volume (L) 65.59 + 0.16 0.22 0.24
Density (g.cc) 1.05416 £+ 0.00248 0.21 0.24
Fat (%) 19.66 +0.56 0.69 3.82
Fat mass (kg) 13.91+0.40 0.48 3.80

Note: SD, standard deviation,EM, technical error of the measurement, CV,
coefficient of variation.
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7.4.2 Between-day repeated measures

All seventeen participants completed the initi@2max Wmax protocol ¥Ozmax51.4

+ 8.4 mlkgmin™, Wnax371.0 + 42 Whnin%, relative Whax4.57 +0.65 \Wkgl'min™t)

and the four other subsequent trials.

Based on data fronv®heax test, the

participants were classified as ‘club level’ according to Wmax (Ansley and Cangley,

2009). Performance characteristics averaged across trialseZadeaented iTable

7.4. Laboratory environmental conditions were; temperature 18.1 £ 1.1 °C, humidity

64.7 £ 7.7 % and barometric pressure 753.5 + 8.9 mmHg.

Table 7.4Between-day performance characteristics averaged atnegsrépeat

trials (trial 2-4).

150W 50% 60% TT

Mean = SD Mean + SD Mean = SD Mean + SD
HRmax(%)  59.78+6.20 68.68+6.08 78.66+9.39 91.9+3.17
Power (W) 150 + 4 187 + 18 222 + 24 279 + 36
GE (%) 2210+2.17  22.73+218 2276 +1.80
NE (%) 26.44+3.37 26.06+284 2552+2.33
EC (WLO2) 77.19+9.05 7866+7.52 78.88+6.31 80.18+8.38
RER 0.92 + 0.04 0.92 + 0.04 0.92+0.03 0.95+0.04
RMR (j'st) 106.16 + 18.41

Note: SD, standard deviation.

Anthropometry

Body mass (81.4 = 9.5 kg) did not significantly change across the gtep w

compared across all four trials, with the largest differendcevdaa trials 3 and 4 of

only -0.09 kg P < .05). Skinfold estimated fat % was significantly differeRt <

0.003) with the majority of the differences linked to trial 1 (22.31 £ 5.1, 7ith
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trial 2 (21.75 + 4.93 %), trial 3 (21.75 + 1.28 %) and trial 4 (21.39 + 1.21 %)
significantly different P = .041, P = .048,P = .003 respectively) as well as
differences between trial 3 and B £ .010) Figure 7.1). Bod Pod estimated fat %
also showed significant differences between the four tials (016), with trial 1
estimating significantly higher than trial B € .014) and 4K = .047) and trial 2
estimating significantly higher than trial B € .034) Figure 7.2). A high positive
correlation (r =0.7547 <.001) was present between skinfold and Bod Pod estimated

fat % (Figure 7.3.

Skinfold body fat (%)

Trial

Figure 7.1 Comparing the stability of body fat % estimated with skinfold over four

repeated trialsNote: * = P < 0.05 and ** =P < 0.01.
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Figure 7.2Comparing the stability of body fat % estimated with Bod Pod
techniques over four repeated tridiote: * = P < 0.05.
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Figure 7.3The relationship between mean skinfold and Bod Pod estimations of
body fat (%) across four trial$  .001).

Body mass had a low and reasonably consistent typical error atrdesir trials
(CV <1 %). The Bod Pod had greater typical error fat % aftims across trials
with greater variance and a larger range of confidence intesw@ishd the typical

error than skinfold fat estimatiofTdble 7.5.
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Table 7.5The typical error of body mass and composition.

Trial 1-2 Trial 2-3 Trial 3-4
CV % (ClI) CV % (CI) CV % (Cl)

Body mass (kg  0.82 (0.64-1.17)  0.54 (0.42-0.76)  0.82 (0.64-1.16)
Bod Pod fat (%)  7.50 (5.80-10.80)  10.95 (8.44-15.87) 11.38 (8.77-16.50
Skinfold fat (%)  3.24 (2.52-4.62)  3.04 (2.36-4.33)  1.63 (1.27-2.32)

Sum of 10 (mm)  5.34 (4.14-7.65)  4.23(3.28-6.04)  2.04 (1.59-2.91)

Note CV %, coefficient of variation, Cl, confidence interval.

There was no significant difference between trial 2, 3 and 4 Bi¥fRvalues when
sampled between 10-15 min, 15-20 min, 20-25 min and 20-30A1#N.@5). There

was a difference between RMR sampled between 25-30 min and 10v2(@snP

> .05), with differences both present between trial 2 ang 3 0.007,P = .042
respectively) Figure 7.4). The least variable sampling time based on CV % was
between 10-20 minutes comparing trial 2 and 3 and between 25-30 minutes
comparing trial 3 and 4. Sampling RMR from 10-20 minutes was dke ariable

when considering all three trials (11.03 and 9.66 %) Tedde 7.6.
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RMR (joules ‘sec™)

ol

Trial 2 Trial 3 Trial 4

Figure 7.4Mean Resting metabolic ra(BMR) sampled from 10-20 minutes

across trials. Note * £ < .05.

Table 7.6The typical error of Resting metabolic rateM(R) sampled at different
time intervals.

Trial 2-3 Trial 3-4

CV % (CI) CV % (CI)
RMR 10-15mins 11.19 (8.62-16.22) 9.71 (7.44-14.24)
RMR 15-20mins 12.37 (9.52-17.98) 9.83 (7.53-14.42)
RMR 20-25mins 13.05 (10.04-18.99) 9.51 (7.29-13.95)
RMR 25-30mins 12.73 (9.26-21.03)* 9.45 (6.56-17.61)
RMR 10-20mins 11.03 (8.50-15.99)* 9.66 (7.41-14.18)
RMR 20-30mins 13.23 (9.62-21.89) 9.86 (6.87-18.44)

Note CV %, coefficient of variation, Cl, confidence interval, P= .05.

Energy expenditure comparisons:

There were no significant differences in gross efficienciwéen trials 2-4, in the

absolute 150 W workload or relative 50 % and %0NVmax intensities P > .05)
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(Figure 7.5). Gross efficiency tended to increase as workload increased thutei
exception of gross efficiency at 60 Wmaxin trial 2, which had a margnally lower
gross efficiency (22.73 +1.56 %) when compared to the 50 % intensity (23.00 +2.22
%). Typical error within gross efficiency measurement retluae the workload
increased, withgross efficiency at the 60 % intensity havingntbkest typical error
across all trials when compared to the 150 W and 50 % inten3ieibke (7.5. There
was a significant difference between net efficiency atl®@ W workload P =
0.033) with a significant reduction in net efficiency between &iahd 4 (trial 3:
27.30 £ 4.22 %, trial 4. 25.51 + 0.65 ®B,= .017). No significant differences were
present at either of the relative workloads of 50 % an §@nax (P > .05) Figure
7.6). Typical error of net efficiency also tended to reduce with isicrgaworkloads,
with the 60 % intensity having the smallest typical erropsacrall trials when

compared to the 150 W and 50 % intensities.
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Figure 7.5Gross efficiency across trials at 150 W, 50 % an@o6@max (N0

significant differences).
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Figure 7.6 Net efficiency across trials at 150 W, 50 % and®®/max. Note* =P
<.05.

Time-trial:

There were no significant differences in economy between 2rddlsin the

absolute 150 W workload, relative 50 % and%WVmaxintensities and during the
time-trial (P > .05) Figure 7.7). The 60 % intensity most closely tracked
performance economy when compared to the 50 % and 150 W intensities. The
typical error in economy measurement also reduced as workloadsséacre/hen
compared to the fixed steady-state intensities. Despite the @sityt being higher
(~ 25 %), economy error was higher than the 60 % typical error when comparing
trial 2 and 3 and higher than all steady-state intensities betiwae8 and 4. There
was a significant difference between TT power across tfrak .046) Figure

7.8), with a significant increase between trials 223=(0.01) and 2-4R = .037).

TT power also had low typical error values (CV < 4 %) when comparess gr

efficiency, net efficiency and economy.
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Figure 7.7 Economy across trials at 150 W, 50 % and®®/max (N0 significant
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Table 7.7The typical error of energy expenditure and TT power.

Trial 2-3
CV % (CI)

Trial 3-4
CV % (CI)

GE 150 W
GE 50 % (Whax)
GE 60% (Wma)
NE 150 W

NE 50 % (Whay)
NE 60 % (Whay)
EC 150 W

EC 50% (Wma)
EC 60% (Wma)
TT EC (WLO?)

TT Power (Whean

6.17 (4.71-9.14)
6.22 (4.79-9.07)
4.93 (3.80-7.16)
8.83 (6.77-12.90)
8.18 (6.28-11.96)
6.55 (5.04-9.55)
6.22 (4.78-9.06)
6.07 (4.68-8.84)
4.83 (3.72-7.02)
5.78 (4.48-8.30)

2.28 (1.77-3.24)

4.67 (3.57-6.88)
4.82 (3.72-7.01)
2.89 (2.23-4.18)
6.39 (4.87-9.46)
6.09 (4.65-9.01)
4.30 (3.29-6.33)
5.23 (4.03-7.60)
4.70 (3.62-6.83)
2.82 (2.18-4.08)
6.00 (4.61-8.73)

3.89 (3.02-5.56)

Note: CV %, coefficient of variation, Cl, confidence interval.

Blood parameters

There were no significant differences in blood variables acrbsbreg trials P >

.05). When compared to normative data all but one blood parameter thas wi
normal ranges witll" just above the normal range by 2.5 mmollalfle 7.8. The

typical error of the blood parameters stayed relatively dansisvhen comparing

between trials, with no overall reduction in CV between trials Badlé¢ 7.9.
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Table 7.8Mean blood parameter values across trials 2, 3 and 4 with normal range

data.

Mean £ SD Normal range*

Na* (mmol/L) 140.4 £ 2.6 136-145
K* (mmol/L) 51+0.7 3.5-5.5
Cl- (mmol/L) 1085+ 3.4 98-106
TCO2 (mmol/L) 26.0x14 22-26
BUN (mg/dL) 16.4 £ 3.9 5-20
Glu (mg/dL) 97.0+£8.7 <110
Hct (%PCU) 44.4 +2.8 40-54
pH 7.403 £ 0.031 7.31-7.41
PCO, (mmHg) 40.0 £ 3.6 35-45
Hb (g/dL) 15.1 +0.95 14-18

Note SD, standard deviation, *, Normal range values cited from Daniels (2010),
Na’, Sodium, K, potassium, C| chloride, TCQ, total carbon dioxide, BUN, blood
urea nitrogen, Glu, gucose, Hct, haematocrit, pH, acidity, 2@@tial pressure of

carbon dioxide, Hb, Haemogobin.
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Table 7.9Typical error of blood parameters.

Trial 2-3
CV % (CI)

Trial 3-4
CV % (CI)

Na* (mmol/L)
K* (mmol/L)
Cl- (mmol/L)
TCO, (mmol/L)
BUN (mg/dL)
Glu (mg/dL)
Hct (%PCU)
pH

PCO,; (mmHg)

Hb (g/dL)

1.54 (1.10-2.65)
13.68 (9.62-24.54)
2.94 (2.10-5.08)
3.16 (2.22-5.75)
15.03 (10.58-27.07)
6.65 (4.73-11.65)
1.37 (0.98-2.35)
0.60 (0.42-1.07)
10.15 (7.06-18.97)

1.21 (0.86-2.07)

1.68 (1.25-2.62)
13.68 (10.06-22.01)
2.94 (2.19-4.60)
4.10 (3.01-6.60)
18.19 (13.31-29.59)
8.55 (6.33-13.57)
3.58 (2.66-5.60)
0.28 (0.21-0.45)
4.13(3.04-6.66)

3.48 (2.59-5.45)

Note: CV %, coefficient of variation, Cl, confidence intervdd’, Sodium, K,

potassium, C| chloride, TCQ, total carbon dioxide, BUN, blood urea nitrogen,

Glu, ducose, Hct, haematocrit, pH, acidity, PCartial pressure of carbon

dioxide, Hb, Haemodobin.

7.5 Discussion

7.5.1 Within-day trial

The aim of this study was to assess the variability in kewnpeiers under

investigation in this thesis. The data presented clearly outliiférences in
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variability depending upon the techniques used to generate the datacuCives
skinfold measurement estimating fat % and mass, irrespecfivaguation had a
smaller technical error and variation than when compared to the aatoBatl Pod
assessment. The TEM of Bod Pod fat % has been previously reporteciebetl
0.45 % compared with the 0.69 % that was found in this study, yet the 0.45 % is still
almost double the TEM in the skinfold estimations of body fat % (Godt al,
1999). This was despite three skinfold measures falling just oudsithee skilful
threshold defined by Periniett al (2005) as a TEM < 5 %, suggesting that a good
but not yet completely skilful anthropometrist is still able catperform the
equipment reliability of the Bod Pod in both this study and Co#inal (1999). The
difference in technique reliability of body fat estimation betwi#enBod Pod and
skinfold equations are predicted to be the difference between an egmfidence
limit of 0.100 kg (4-site), 0.128 kg (7-site) and 0.312 kg (Bod Pod) (based on; 20
participants with a mean body mass of 70 kg and body fat of 18 %). Althlisgh
estimation demonstrates the benefit of utilising a method with ghesti technique
reliability; it is important to note that these estimations do not account foroeay -
day variability. While skinfold measurement was the least veriabliscrepancies
existed between the different equations used to estimate fatbyasa kg, which
would have a direct effect on the calculation of relative fat mhasge. Using the
mean data from this study; a 1 kg reduction in fat mass would equatfat tmass
reduction of 8.69 % with the 3-site, and a 7.32 % reduction with the 4-sitioequa
resulting in an absolute 1.37 % discrepancy. This inconsistency lig tike to
differences in the number and location of skinfold sites, variations in thenatder
weighing reference methods, equipment and participant chetacser When

compared to the Bod Pod estimations of fat %, the 4-site skinfold equatioiolqar
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the closest mean estimated fat mass. Based on a review of pstwudies that have
compared the Bod Pod to hydro-densitometry; six out of eight studieseckbat

the Bod Pod estimated a lower body fat %, ranging from -3.3 % to -0.1 %niyth
two reporting higher estimations (1.2 % and 0.2 %) (Field, Goran anddvcC
2002). Assuming that the Bod Pod has a slight tendency to underestimateatbody f
%, the 4-site equation provided the most likely valid measure 6bfatith only a
slight over estimation (+0.21 %), with the 3-site (-3.02 %) ande7{s2.94 %)
underestimating fat %. Consequently the 4-site equation had the highlesique
reliability and was considered the most likely valid measure of lsodyposition

when compared to the Bod Pod.

7.5.2 Between-day trial

Body mass was the most reliable anthropometric measure based %nvél\fes in
Table 7.5determining that changes in body mass >0.82 % are likely to be above
natural fluctuations, and changes >1.17 % being almost certainly aboval natur
fluctuations with 95 % confidence. This equates to a change in mass of (a6d kg
0.95 kg for the average participant in the between-day study. Thealaation in
skinfold measurement resulted in the ability to detect small ignificant changes

in fat % equivalent to a change in fat mass between trial 1-2, 0.462d.-8, also
0.46 kg and trial 1-4: 1.21 kg. Although the mean differences were smaflajbity

of the differences involved the first skinfold measure in trial Hiciw could be
omitted by not utilising the first skinfold measurement when determioiagge in
estimated body fat. The Bod Pod displayed a similar change in fat Y240 @hen
compared to skinfold, but potentially due to the higher variability fferelice was

not detected by repeated measures statistics. This suggadtisetBad Pod is not as
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sensitive to small changes in fat % than skinfold assessmente Wa also
indication that the Bod Pod was susceptible to random error, evident duairg) t
where there was a depression in fat % which was not supportiedhei other
paralleled measures of body composition. Importantly a random abs@lute
estimation error of 1.6 % (trial 3) would be in addition to equip ment andmatural

fluctuation.

Resting metabolic rate

Overall RMR remained consistent regardless of the samplingolocatd duration.
Previous research has suggested numerous measurement timesp framgiriO to
30 minutes or even indeterminate times u¥i@lz, VCOz2 and RER are considered
stable; accordingly sampling periods are also quite variaging from 5 to 10
minutes or 3 X 5 minutes (Segal 1987; Niensdral, 2006; Potteigeet al, 2008;
Ramireset al, 2012). Considering all of the sampling periods in this study, sampling
between 10-20 minutes provided the highest reliability overall, ahough a
difference was found over the three trials, it was likely duehwo imcreased
sensitivity and higher probability of making a type | error. Seagpfor 10-20
minutes instead of 30 minutes would also allow for a reduction in thedioudect
RMR. This sampling period was in agreement with Isbell, &sdeyers and
Klesges (1991) who determined that a 20 minute measurement periodedravi

stable and reliable measurement of RMR.

Energy expenditure:
Gross efficiency, net efficency and economy at the 60 % ityehad the lowest
CV % resulting in the 60 % intensity being deemed the most ecliabtl sensitive

to change. The average gross efficiency typical error at @9%%) was better than
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the 4.2 % reported by Moseley and Jeukendrup (2001) and the same as th&mean C
reported by Noordhadt al (2010). Net efficiency had a higher overall typical error
(~ 2 %) when compared to gross efficiency measured acrossrélioads. The most
likely reason for higher overall net efficiency variation is doetwo separate
measurements needed to calculate net efficiency; resultimgitimhes the technical
error and two times the typical error of RMR and exercisingrgg expenditure.
There was also a tendency for the variation in efficiency amwoety to reduce as
workload increased and is theorised to be as a result of more atdbt®nsistent
energy production and regulation at higher workloads, however this padsmolt
present when measured with Dougas bags (Hoptket, 2012). Gross efficiency
measured with the Dougas bag method has been shown to have a smdiéitywaria
with a mean CV % of 1.5 % across workloads compared with the mean E9lof
% during the 60 % intensity (Hopkert al, 2012). Although the collection of gases
with Douglas bags, with the lower variability would reduce the nunddfer
participants needed in an intervention study, an online breath-by-bsgattem
provides more flexibility to collect continuously over long periods dogval for the

possibility of field testing.

TT power:

TT power differences of 6 W between the first (trial 2) andsdoend (trial 3) TT
with only a 1 W mean deviation between the second and third TT’s highlight the

potential benefits of a habituation trial. Typical error howeves higher between

trials 3-4 by 1.61 % when compared to trial 2-3. This is conti@amhe findings of

Smith et al, (2001) who reported that the CV % in 40 km TT power reduced from

2.1 % to 1.9 % between the second and third repetition. It is posisdtlehe
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increased distance or the experience of the participants plagldimthe variability
between the studies. The low variability in the performance measuitel i detect
small changes in performance. This has been explicitly notdtkiassessment of
elite athletes where differences between winning and losingverg small
(Jeukendrup & Martin, 2001), however in the context of this thesis if ebairg
efficiency and economy are induced the likely associated changesrformance

are probably also going to be quite small.

Blood parameters:

A number of blood data poin{s = 10) were lost due to corruption (blood clotting
or air within the cartridge), which would have had an effect on the sitipower.
Due to the inherent nature of the PCA being primarily based lmiealc setting,
there are several studies that have compared the PCA to stdadardtory
equipment and found acceptable clinical agreement across all ggarsngSchneider
et al, 1997; Dascombet al, 2007; Baieret al, 2003). However, no variability data
could be found to compare the typical error reported in this study bldbe data
was collected and assessed in terms of reliability analgsigllow for a more
substantial interpretation of data later in this thesis. Indeedl fdata presented in
this chapter the reliability coefficients will allow theempretation of any changes
noted in a more coherent manner in the context of statistical powemnal

variability and potential insight for future studies.

7.6 Sample size calculations

The below equations were used to estimate sample sizes based typical CV

collected in the between-day trials and predicted change values.
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_16(Cv)?
o (b)?

Equation 22.Sample size equation for crossover design studies. Adapted from van
Belle (2011).Where CV is the coefficient of variation antl represents the raw

predicted change value when equal group sizes are assumed.

_ 64(CV)?
o (b)?

Equation 22.Sample size equation for control group studies. Adapted from van
Belle (2011).Where:CV is the coefficient of variation antl represents the raw

predicted change value when equal group sizes are assumed.

Sample sizes have been calculated using mean charact quissested in this study:
body mass 82 kg and body fat 21.9 %. Predicted reductions in mass and dak % w
initially based on the average changes in the calorie restrictgdgronp, presented

in Amati et al (2008) equating to -0.52 geek’. Conservative reductions are

presented to account for the participants having a lower staatifg. f

Repeated measures with crossover design:

It is predicted that a short-term intervention with moderate catesiction (~ 500
kcatday!) could result in a 1 kg reduction in body mass and a 1% reduction in body
fat estimation with skinfold. Using the raw typical error of bodssn(0.42 kg) and
body fat % (0.67 %) the calculations determiriéd= 3 andN = 8 would be required
to detect the respective predicted changes. If the change in bsslanthfat % was

half of what was predicted and reduced to 0.5 kg and 0.5 %, a tdtaf &R andN
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= 29 would be required to detect these smaller changes. Based predivted
sample sizes from body composition, a conservative sample size 80 would be
able to predict a 9 watt change in performance power and 0.79 okeeffioen cy

unit change at 606 Wmax.

Field and laboratory comparison:

Based on a change of 2.5 gross efficiency units reported by Bedtiedi (2012)
comparing laboratory and field gross efficiency and using thestidlygical error
(1.12 units between trial 3-4) in the 60 % intensity, a very seagiple size of 4
participants would be required to determine if this degree of ehangtatically
significant. A more conservative estimate of a change of 1 gffigeney unit, 20
participants would be required, with 30 able to detect a change ofgb83

efficiency unit.

7.7 Conclusion

Four-site skinfold assessment of body composition and not air-disglacemas
used in future chapters, due to lower within- and between-trid¥l &8d CV %
resulting in greater accuracy and sensitivity to detect smalgekain fat mass. RMR
measured from 10-20 min had the highest reliability overall andfdresreill be the
preferred sampling time. All absolute and relative intensiaésfficiency were
within acceptable limits and were used in future chapterd) thi¢ understanding
that efficiency at the 60 % M¥x intensity provided the least variable and most
reliable results. Laboratory TT performance power and blood analgsip @vided

acceptable reliability. The typical error from all of thkoee variables and
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techniques continued in this thesis were used to discuss changeshaonfortg
chapters.
CHAPTER 8 - THE EFFECT OF SHORT-TERM CALORIE

RESTRICTION ON CYCLING EFFICIENCY AND PERFORMANCE
ECONOMY

Aspects of the following chapter have been presented exterisalynders,

S.C., Coleman, [A. and Brown, M.B. (2013The effect of short-term calorie
restriction on exercise performance and efficieincgyclists. In: European College

of Sports Science, 26th-29th June 2013, Barcelona.

8.1 Introduction

Reducing fat mass is a key strategy employed by many syplifir to a race in an
attempt to improve performance (Knechtle, Knechtle and Rosemann, 20@9js T
principally achieved with a negative energy balance by eitbesutning fewer
calories with a hypocaloric diet and or expending more caldhesugh physical
activity (Volek, VanHeest and Forsythe 2005). Calorie restriction previtemost
practical intervention solution in an already exercising popmuatthere there is
limited scope for increasing energy expenditure through exerGseth( Raastad
and Sundgot-Borgen 2011). Calorie restriction has also been shown to be the mos
effective intervention method to reduce body mass, when compared withgrar
exercise types and combinations of both diet and exercise (Clark, 2@%&arBh
predominantly from a health and weight management perspective réaoeged
reductions in both absolute RMR and when corrected for body compositiore (Pool

and Henson, 198&ourhassaret al, 2014). While others have reported that RMR
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is stable when corrected for changes in fat free mass (vanlfgggden, Saris, Hul
and van Baak, 2001) and only exercising energy expenditure hasdeditt
calorie restriction (Weigle, Sande, Iverius, Monsen and Brunzell, 19B&h
reductions in RMR and exercise energy expenditure could have beneffiezt for
gross and net efficiency. However, little is known about the shiort-gffect of
calorie restriction in a non-obese exercising population, wheee likely that a
reduction in total &d intake will reduce carbohydrate availability having a negative
effect on both efficiency and performance (Bergstrom, HermaasehHultman
1967). Furthermore, during the initial stages of consuming a hypocdietidthe
benefits from being lighter are unlikely to be substantial, to outwiéig potential
negative effects of being calorie restricted. Few studies tesearched the direct
effect of a hypocaloric diet on cycling efficency and those willb reported
improvements were among non-exercising populations (Areatial, 2008).
Nonetheless cycling efficiency research which has used ipartis accustomed to
cycling have rarely reported the implications of improvementsfiiciency on
cycling performance (Jobsast al, 2012). Cycling efficiency is considered a key
determinant of cycling performance (Lu@aal, 2002; Oldstal, 1995) and despite
debate many studies have shown that efficiency can be improvede,(Qdd5;
Hopker, Coleman, Passfield and Wiles, 2010). Short-term interventiotiest
classified between 2-14 days (Broom, Hopkins, Stensel, King and Blu2@dl4)
that have assessed the effect of training interventions on cyeficggncy and
mitochondria function, did not report prescribing a compensatory inarasergy
intake, despite an increase in training volume and/or intensityk(Costa,
O’Brien, Guglielmo and Paton, 2014; Vincent et al, 2015. Consequently, it is

possible that some of the changes reported in efficiency could havedrdeunded
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by a short-term negative energy balance and small reductions imasdy Previous
research exploring the acute effect of calorie restricticesgobed a high level of
calorie deficit (total energy intake ~800 kdal/') and used obese participants
unaccustomed to cycling, thus limiting the measurement of efficiéaayork rates

< 120 W and the application of the findings. Therefore, it was the nmairofathis
research toinvestigate the effect of short-term calorigicteésn on RMR, gross and

net efficiency, cycling economy andl performance in club level cyclists.

8.2 Methods

Seventeen male participants who had been cycling for a minimuwogfdars gave
their written informed consent and satisfactorily completed lhhgaestionnaire,

following approval from Canterbury Christ Church University ethics citteen The

physical characteristics of the participants were asvisli age 42 + 9 yrs, height
1.79 = 0.07 m, body mass 81.7 = 9.5 kg, body fat 22.3 + ¥Otpax 51.4 + 8.4

mikgmin?, Winax 371.0 + 42 Whnin?, relative Whax 4.57 + 0.65 Vg 'min?,

classifying the cyclists as club level according teaW\(Ansley and Cangley, 2009).

Anthropometry

Anthropometric measures were conducted on every visit; height (m), masly
(kg), body density using 10 site skinfold (mm); Bicep, Tricep, Sulbdaap
Suwprailiac, Supraspinale, mid-Axllary, Chest, Abdominal, Thigh, aleGalf by an
ISAK accredited Anthropometrist. Body density was determined ubki@ddurnin
and Womersley (1974) four-site equation as it was shown to be thedeable
measure and had the greatest validity when compared with the Bod Gluapter

7. Body density was converted to a body fat % using the Siri (1956) equation.
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Experimental protocol:

Participants visited the laboratory on four occasions, completipgelaninary
incremental maxmal test visit and three subsequent laboratoty wisich included
steady-state efficiency measurement and a 16.1 km TT. The oosditiithin the
laboratory were maintained and recorded at; temperature, 17.87 zhwrfiglity,
62.4 + 8.9 % and barometric pressure, 753 + 8 mmHg. The intervention consisted of
a randomised crossover design where participants either mainttiee usual
calorie intake (control) or consumed a hypocaloric balanced-defdigt
(intervention), which used the principles of portion control to reduceiecaluak e

by ~500 kcablay' compared to their usual intake, without altering macronutrient
ratios. A 500 kcatlay® deficit is considered moderate and at the lower range of the
500-1000 kcatlay® deficit that is recommended to induce body mass and fat
reduction (Hill, Cateracci and Wyatt, 2006). Both the dietary uet#gion and
control periods were conducted for a total of 14 days each. Part&ipampleted
three steady-state efficiency/TT trials (trial 2-4)aated by each of the two week
periods. During the control, participants wasked to maintain the same diet pattern
noted in their food diary completed prior to the start of the stagggndix 5). All
exercise testing was conducted on an electromagnetically besiokel ergometer
(SRM, Jilich, Germany) which was calibrated according to manouks
instructions prior to testing The ergometer was adjusted to the participant’s road
bicycle geometry and fitted with compatible ped&sygen uptake\(Oz, L'min?),
carbon dioxide productionvVCO2, L'min') and respiratory exchange ratio (RER)

were calculated using a metabolic cart breath-by-breath ihdakrimetry system
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(Oxycon Pro, Jéaeger, Carefusion, Hoechberg, Germany). Participaets
instructed to refrain from consuming caffeine for 24 hours, undertaknegusius

exercise for 48 hours and arrive fully hydrated before each tasti¢Pand Jones,

2002; Jenkingt al, 2008).

VO2maxVisit:

An incremental exercise test to exhaustion was performedeabéginning to
determine the highest minute powern( and maximal oxygen uptak&@zmax
L'min!) over one minute. The protocol began at 150 W for 5 min and increased by
5 W/15 s until a cadence > 60 revolutions per minupen(rcould no longer be
maintained despite standardised verbal encouragement. Particpamstsllowed to
select their preferred cadence and instructed to remain sédtisdest informed the
sub-maximal starting intensity for the steady-state 50 %6G8n% Whax efficien cy

measurement. A familiarisation 16.1 km TT was also conducted on trial one.

Efficiency andTT visit:

Resting metabolic rat§-sec') was assessed with the participants in the supine
position, wearing a heart rate monitor (Polar Wearlink, Polatr&l€y, Kempele,
Finland) and facemask for 20 minutes for the purpose of RMR, rdstag rate
(HRR, beatsnin™) and net efficiency calculation. Resting metabolic rate taRet
were determined by the average 10 second data and 1 second data/eBspec
between minutes 10-20 as it was shown to be the least varialiBhapter 7.
Anthropometric data collection separatedMR and efficiency measurement.
Participants cycled at three steady-state intensitiesgfdr minutes each; 150 W, 50

% and 60% Wmax (Hopkeret al., 2013). If the 50 % intensity was less than 150 W,
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the order was altered to ensure a progressive increase in popa (hbis was the
case for only one participant). During a standardised five mirctarery period
after steady-state cycling but prior to the commencement oftha finger prick
blood sample was analysed with a portable clinical analys@A)(Hi-STAT,
Portable 200, Abbott, IL, USA). The PCA provided a basic blood panel which
included; sodium (N3, potassium (K), chloride (CI), total bicarbonate (TC£)
blood urea nitrogen (BUN), ducose (Glu), haematocrit (Hct), aciflithd) and
partial pressure of carbon dioxde (Pf£OThe 16.1 km self-paced time-trial
detailed; a rolling start, data-restricted to distance coveredarid for participants

to remain seatedvO2, VCO2 and power were averaged during the last two minutes
of each stage and for the duration of the TT. Gross, net efficiencycanongy were

calculated as outlined @hapter 6.

8.3 Data analysis

Gross and net efficiency RER values were all < 1.0, therefore no efficiency values

were excluded from the efficiency calculations. Descriptind analytical statistics
were calculated using Excel, SPSS and Graph Pad Prism. TheoShabitest was
used to assess normality. Independent samples t-tests were osetbare between
the randomised groups and environmental conditions. Paired samplgs t-tes
determined significant differences between pre and post int@menbody
composition and energy expenditure calculations. Generalised teggineguations
adjusted for the variance in logged TT economy due to the naturahsmcia
economy as power increases (Nevill, 1997). The economy data wegee log

reduce the variability of the data and align with previous recomaherus
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(Atkinson and Batterham, 2012). An alpha level of significance foestktwas set

at 95 % P < 0.05).

8.4 Results

Sixteen male cyclists completed the study with one withdrawingalimgury. The
cyclists habitual macronutrient ratios were as follows: CHO = 55/5382%, FAT
=27.97 + 7.15 % and PRO = 16.50 = 3.72 % and did not change when comparing
three days prior to pre, post and control testirg (05). There were no significant
physiologcal grouping differences when comparing the cydisas completed the

intervention in the first 14 days and second 14 day peRoel .05)(Table 7.1).

Table 8.1An overall comparison of the participants that completed the

intervention in the first verses the second intervention period.

Intervention ¥ Intervention 2¢
Mean + SD Mean + SD

N 7 9
Age (yrs) 42 +9 42 +10
Body mass (kg) 80.29+ 10.88 83.22+9.14
SF Body fat (%) 21.82 +4.90 22.68 +5.92
Bod Pod Body fat
% 22.33+6.45 23.27 +6.51
VOzmax (mlmin™) 4188.76 + 474.49 4153.35 + 614.42
VOzmax (mlkgt'min™) 53.14 + 10.19 50.13 + 7.17
Wmax (Wmin™) 377.08 + 27.58 366.16 + 51.27
Wmax (Wkgt'mint) 4.77 +0.74 4.42 + 0.56

No significant differences were present between groNpse: SD, standard
deviation, N, number of participants, SF, skinfolD2max maximal oxygen

uptake, Whax maximum minute power.
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Fourteen participants reduced their body mass when comparing pre theparg
intervention, one did not change and one gained body mass with an overall
significant reduction in body mass (-1.24 + 0.98 Rg; .001) Table 8.2. There

was also a significant reduction in body fat % (-0.64 = 1.2#%,05) and

estimated fat mass (-0.81 + 1.20 Rg< .05), but no significant reductions in lean
mass (-0.43 + 1.06 kg > .05). The technical error of the measurement wa8« 5
for all skinfold sites. When utilising median split of the data, dividing participants
into high and low responders based on body mass change, a reduction in gross
efficiency at 60 % (-0.23 GE units) was found in the participantls tivé greater

body mass reduction (-2.48kgompared to the lower weightloss group (-0.9 kg
+0.46 GE units). These differences in gross efficiency were gmificantly

different @ =0.12. Similar patterns were seen at 150 W, with a reduction of -0.54
gross efficiency units in the -2.48 kg group, verses a gain of 0.65 ffoeh e/

units in the -0.9 kg grouP(= 0.2). TT performance was lower -4.25 W in the -
2.48 kg group compared to-1.16 W in the -0.9 kg group, but was not signifeant (

= 0.66).
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Table 8.2 Individual changes in body mass (kg) pre and post shortrie

calorie restriction.

Body mass (kg)

Participant Pre intervention Post intervention Change
1 93.0 93.5 0.5
2 90.9 90.9 0.0
3 76.9 Withdrew
4 91.8 90.5 -1.3
5 79.0 78.3 -0.7
6 72.0 71.9 -0.1
7 78.0 76.5 -1.5
8 89.6 87.9 -1.7
9 88.0 85.8 -2.2
10 70.8 68.8 -2.0
11 72.3 70.4 -1.9
12 69.5 67.2 -2.3
13 88.1 86.3 -1.8
14 102.1 100.0 2.1
15 71.1 69.2 -1.9
16 72.2 70.5 -1.7
17 83.2 79.9 -3.3

There were no significant differences in RMR, gross effigieand net efficiency
across all intensitiesTéble 8.3. Five blood samples out of thirty-two were lost due
to blood clotting or air within the cartridge resulting in an invalid sueament. No
significant differences were found between blood parameters veoingpadng pre

to post-intervention with Hb showing a trend to increase (Pre: 15.1 00 ,9Rpst:
15.5 £ 0.9 gdL,P = .058) as well as Hct values, but were not significant (Pre: 44.5

+ 2.8 %, Post: 46 + 2.9 9%, > .05). No significant differences in exercising heart
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rate were found across all intensities. There was no signifiddférence in TT
power (Pre: 282 + 36 %, Post: 281 + 32 %) or TT power expressed relatioelyto
mass (Pre: 3.45 + 0.57'Mg*min?, Post: 3.51 + 0.60 g 'min') (P > .05) buit,
there was a significant improvement in time-trial econofy (05).

Table 8.3The effect of short-term calorie restriction on resting budi@ rate,
gross, net efficiency and economy.

Intensity Pre intervention Post intervention Change

RMR (jsec) N/A 111.39 +23.01 109.78 + 23.55 -1.61
GE (%) 150 W (%)  21.50 +1.88 21.65 + 2.02 0.15
50 % Whax 22.28+1.72 21.82 +1.33 -0.46

60 % Whax 2215+ 1.15 2216 £ 1.51 0.01

NE (%) 150W (%)  25.48 + 2.65 25.46 + 1.95 -0.02
50 % Whax 25.71+2.12 25.02 +1.39 -0.69

60 % Whax 24.94 + 1.46 24.89 + 1.62 -0.05

EC (WLO2) TT 76.26 £ 14.93 78.80 £ 15.46 2.54*

Note: RMR, resting metabolic rate, GE, gross efficiency, NE, nefiesfity, EC,

economy (* =P < .05).

Out of the nine participants that had the control phase first; foeraibée to maintain

their mass within 0.1 kg, one reduced mass (-0.8 kg) and four gained mass (0.5, 1.0,
1.0 and 3 kg). Out of the seven participants that conducted the dietamentiten

in the first phase; three participants reduced their body fadser during the
control period (-0.3, -0.6 and -0.6 kg), four participants gained mass (0.7, 1.1, 1.7
and 2.2 kg) and with one participant gaining all of the body mass cedluwreng the
dietary intervention. None of the participants finished the controbgbeti a greater

mass when compared to pre intervention. Combining the eight pantiipvhich

gained mass (average increase 1.4 kg) in either the pre- or post-peribd, gross

138



and net efficiency across intensities did not show significanereiftes B > .05).
However, there was a tendency for gross efficiency to reduce wdesured at 150
W (Pre: 22.27 £ 1.49, Post: 21.49 + 1.B9; .08) and the 60 % intensity (Pre: 22.72

+ 0.80 %, Post: 22.20 + 0.8P, = .06). Timetrial economy did not show any

differences during the control period where participants gainest (Rae: 76.3%

12.98, Post: 76.71 + 13.07 M0z “min’%, P > .05).

8.5 Discussion

Despite significant changes in body mass and fat mass, two weekederate
calorie restriction did not significantly affect RMR, gross ared efficiency or
laboratory TT power. This finding could provide a level of reassurahee if a
participant reduced body mass by 2.14 % over a two week period baspezhed
laboratory testing using the methods outlined, that it would have dtfdet on
efficiency measurement at sub-maximal intensities. Conseguerglious cycling
efficiency research which may have seen small changes in basly between
repeated testing are unlikely to be adversely affected by wmort-body mass
change. Discounting the participants that either gained ma$sraged within the
typical error (0.66 kg), there was a mean reduction of -1.88 kg; this waardidy
greater than the level that was initially predictecCiapter 7 (-0.52 kgveek?). The
reason for the conservative estimation was due to the long-term studych the
calculations were based (Amati al, 2008), not reporting interim mass reduction
and therefore a linear relationship assumed. Research has holmmvertbat mass
reduces at a faster rate during the initial period of calorieictesn and that the rate
tends to slow as the duration of the calorie restriction continugar(gfield et al,

2007).
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There was a large distribution of body mass reduction, ranging -fidbto -3.3 kg
during the intervention period. This is a frequent occurrence in digt@ywentions

and has led tothe categorisation of participants as low and hgbnd=ss in order

to better understand the reasons behind the variabftigcolo et al, 2015).
Irrespective of the variation the mean estimated body fat indieae@1 % reduction
equivalent to 0.87 kg reduction in fat mass. This suggested that a cainkide
portion of the mass reduced was indeed caused through a reductionnd faba

the intervention was implemented successfully. However, this asatnthat 1 kg

of mass was unaccounted, with reductions in visceral fat (Chaston xmd R008),
varying hydration (Fairburn and Cooper, 2014) and reduced carbohydrate levels
(Kreitzman, Coxon and Szaz, 1992) considered to be the most likely expiafat

the shortfall. Haematocrit levels can provide an indication of hydratbnssand as
blood Hct showed atendency to increase from 44.5 % to 46 % (albeit noicalistis
significantly) slight dehydration may have been present in thetpalst Based on
mean height and mass data in this study an absolute 1.55 % reductiasnrapl
volume (hypovolemia) equates toa 0.231 L (8 %) reduction in plasmaacwatent,
based on the prediction equation of total blood volume from Nadler (1962) and on

the principle that plasma volume consists of 92 % water (Feher, 2012).

Total blood volume (L) = (0.3669 x m3) + (0.03219 X kg) + 0.604

Equation 23.Total blood volume estimation equation (Nadler, 1962 cited in
Gibon,Courpied and Hamadouche, 2013).
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This reduced the amount of unexplained body mass to 0.77 kg with a proportion of
this likely explained with intracellular fluid reduction and to esskr extent
interstitial fluid reduction (Minson & Halliwill 2000). It is posde that calorie
restriction increases the reliance of stored gycogen duringtitreention phase
which can result in lower CHO availability and oxdation during steddie and TT
performance testing, however there was no indication of a reductioBRnldvels
signifying that carbohydrate utilisation during the trial was rifected. Blood
ducose was slightly higher in the post-trial by 6.5 ml/dL (7 s#ggesting that if
there was a reduction in carbohydrate storage that it did not affdmohydrate
availability in the bloodstream, or performance power during the 16.TTknit is
also important to note that variations in mass reduced could alsolusmced by

varying degrees of the participants to adopt the dieatary restricstructions.

The combined duration of steady-state cycling and TT was quite sfitbrtan
average total time spent cycling ~ 41 minutes. It is quite ipleg$iat if carbohydrate
stores were depleted it would have a larger influence over ar lahgation
(Pitsiladis and Maughan, 199%urthermore it is also logical to consider that lean
mass did not change and therefore power would also unlikely improve drasied
strong relationship between lean thigh volume (r = 0.93) and lower linolmeo{r

= 0.92) to predict maximal power in cycling (Martin, Davidson and Ralkgdy007).

It is interesting that half of the participants that conductesl control phase first,
were able to maintain their mass within a very tight range odjdskg, but that the
other half of participants had large increases in mass abowgptical error reported

in Chapter 7. The changes in body mass over the control phase are symptomatic that

body mass in some participants is stable and in others fluctoatesderably,
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despite a seemingy weight stable population. This is indicthiseweight stability

is an individualistic phenomenon with varying degrees of tolerancesenfngy
imbalance. This individualistic concept of weight stability is commaepborted and
has been attributed to both genetic factors (Matsual, 2009 and body
composition differences(Hall, 2007). By reassessing the participants after the
intervention and again after the control period it provided an insghto @he
direction and speed of mass change after dietary restrictiengemoved. The
majority of participants re-gained a proportion of the masswha reduced, which
could provide evidence of the homeostatic feedback mechanism ensurisg mas
maintenance (Hammid, 2009), alternatively the mass gain could alexpbéned

by rehydration and replenished carbohydrate stores. Three paitScipeho
completed the intervention first reduced their mass even furthiér twud recording

a body mass change approximately one%V-0.6 kg relative to lowest CV % =
0.54 kg) and the other well within the noise of the measurement (-0.3 kg)
Considering all were supposed to be in the control phase and followindroagje

it is possible that not all adhered strictly to those guidelirdesspite written and
verbal communication. It is likely that there will be this tygfevariability in
response to future intervention studies which need to be considered thihin
analysis of data. This point is further highlighted by not all ofptéréicipants able

to follow the dietary intervention, apparent with 19 % of the 16iqqeanhts that
completed the study unable to reduce body mass greater than theegpicaihese
are key factors to consider when designing and recruiting fortueolmgal studies

with dietary manipulation.

Resting metabolic rate was not affected by two weeks of calesigiction, with a

nonsignificant 1.45 % reduction well within the typical error of theasurement
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(11.03 %). Reductions in RMR have been reported during more severee calori
restriction and over longer periods (Dullo®& Jacquet, 1998) with research
suggesting that a reduction in fat free mass is a key comgbéeactor (Zurlo,
Larson, Bogardus and Ravussin, 1990). As there was no significant reductan in |
mass, combined with a consistent RMR the results suggest tmahskevas indeed
reduced in accordance with the moderate restriction that has heem to have

little initial effect on RMR (Fosteet al, 1990).

Gross and net efficiency also appeared to be unaffected bwtdneention with
results from all steady-state intensities within the typEg@r of the measurement
(Chapter 7). This is contrary to long-term studies which have reported large changes
in efficiency with calorie restriction and body mass reductionpanticipants
unaccustomed to cycling (Amadt al, 2008). It is probable that the combination of
the short duration of the intervention and the use of participanistaoted to
cycling could be reasons for these results. This finding of unchangedaxsotah
cycling efficiency in combination with stable performance poweuld suggest that
training intensity (up to 766 Wmax) would not be affected by short-term moderate

calorie restriction.

An unexpected finding as a result of some of the participammgamass during
the control period, was that gross efficiency reduced by 5.5 % at the Iri@nsity
and reduced by 2.3 % at the 60 % intensity. Due to the lack otisshtisower

significant differences were not found, but the change in gross refficiat 150W

was above the typical error of 4.67 % reporte€hapter 7. This suggests that mass
increase could not only have a negative effect on efficiency cdut also have
greater potency due to the mass increase being smaller yet bhaamgr effect on

efficiency.
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TT economy was the only energy expenditure calculation to improve aefbtiee
provided the only indication that energy expenditure has the potemtieuce
following calorie restriction in participants accustomed tolimgc It must be
acknowledged that the exercise intensity during the TT was 76%nak sdd
although remained relatively constant, it violated the assumption dfsteate and
would have resulted in an increased anaerobic energy contribution. Niessthe
economy measurement currently provides the best indicator at rparnfoe
intensities and is argued to provide a valid insight into the rate rgfyepeoduction
(Faria, Parker and Faria 2005). Despite the improvement in economy titip @rars
were not able to utilise the energy saving to increase exarapsaxity during the TT
by increasing power output. This provides an interesting insightigat suggest
exercising energy expenditure may not be such a key markemabofafory

performance as has been eluded to previously (Joyner and Coyle 2008).

8.6 Conclusion

These results suggest that body mass can be reduced acutely wititencderie
restriction, without hindering steady-state efficiency or 16.1 km Tibmeance in
participants accustomed to cycling This study was explictynducted in a
controlled laboratory environment, however due to the nature of body masg havin
a more likely profound influence in real world TT cycling (Jobsoml, 2007), it
remains to be seen if accurate efficiency and performan@sureenent can be
conducted in the field environment. The 50 % intensity provided similaiepfty

results to the 60 % Wmax intensity and had greater variabilitgrefore the 50 %
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intensity provided little additional information and was not includechénsteady -

state protocol fo€Chapters 9and10.
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CHAPTER 9: A FIELD AND LABORATORY COMPARISON OF GRO SS
EFFICIENCY AND PERFORMANCE

Aspects of the following chapter have been presented extert@alynders, S.
C., Brown, M. B and Coleman, D. A. (2014)Jaboratory and field comparison of
gross efficiency at an absolute, relative and penfnce intensityPresented at:

American College of Sports Medicine (ACSM), 27-30th May 2014, Orlando, USA.

9.1 Introduction

Cycling efficiency and economy are frequently measured in a akabgr
environment on a fixed cycle ergometer with an artificiallgblt and controlled
environment. Road races however, are conducted in the outdoor environment with
changeable intensities, gradients and enviromental conditions (Atkinson,
Davison, Jeukendrup and Passfield, 2003; Swain, 1998). Although the laboratory
provides greater control of the environmental conditions (Akkermansen Sill
Wouters and Spruit, 2012) resulting in greater methodological congistenc
exploring the effects of the more varied field environment on enexgenditure

with road-bicycles may improve the understanding of the factotsirifiaence
efficiency, the relevance of efficiency measurement and ite p¥hin road cycliig
performance modelling (Joyner and Coyle, 2008; Jolesoal, 2012). With the
advancement of reliable portable and wireless technology in bothnoxymeake
(Rosdahlet al, 2010) and power measurement (Bertuetial, 2005), field testing

is a more practical and realistic alternative for spomssis which were previously
limited to a laboratory environment (Gonzalez-Hatoal, 2007). Currently field
research has focussed on comparing performance power duringialsg$mith,

Davison, Balmer and Bird, 2001), seated and standing positions (Harnis, Ki
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and Swensen, 2007) and comparing up-hill and level cycling (Millebnchre
and Candau, 2002). Oxygen uptake kinetics but more specifically, ceflicigncy

and economy are amongst the latest physiological variables éstled in the field
environment (Millet, Tronche, Fuster and Candau, 2@?tucci, Betik, Duc and
Grappe, 2012; Nimmerichter, Haselsberger and Prinz, 2014). It hasrdpearted
that gross efficiency and cycling economy are higher in the fiele: {2 % and CE:

11 %) than when using a bicycle on a fixed Axom ergometer inatigratory
(Bertucci et al, 2012). However, these comparisons may be ergometer specific as
previous research has suggested that discrepancies exst omiyegaring different
laboratory ergometers due to differences in crank inertial loadgesrthg which
limits the application of the findings of Bertucci, Betik, Duc &chppe (2012) to
the Axiom ergometer (Guirauet al, 2008). Consequently, there is a need to explore
the differences with a stationary cycle ergometer (SRM)wisianore frequently
used and considered the new gold standard (Hopker, Myers, Jobson, Bruce and
Passfield, 2010) to validate laboratory measures of efficienagl exonomy.
Standardising conditions for repeat measurements is relativeightfiorward in the
laboratory setting however this is more complex in the field. A puevivind cut off
threshold < 3.0 ra' has been previously applied when comparing efficiency in the
field, despite little justification (Bertucci, Betik, Duc andaBpe, 2012). Therefore,

it was considered advantageous to assess the validity of this thrastiatdnapare
the effect of wind speed on efficiency and economy measurement indhédtfieas

the aim of this study to investigate gross efficiency at an alesoklétive intensity
and economy during a performance TT in both a field and laboratory envirbnmen

It was hypothesised that there would be differences in gross refficend economy
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between field and laboratory measurement but, that the two conditions @ul

closely correlated.

9.2 Methods

Twenty-eight male participants were recruited from logalling clubs (seeTable
9.1) and gave written informed consent following approval from CanterQimyst
Church University ethics committee. The participants wessifiled as club level

cyclists based on their M¥x from theVOzmaxtest (Ansley and Cangey, 2009).

Table 9.1Participant characteristics.

N =27* Mean +SD
Age (years) 41 £ 11

Stature (m) 1.79 £ 0.06
Mass (kg) 79.9+12.1
Body fat (%) 19.2+5.6
VOzmax (L'min™}) 3.50 + 0.65
Wmax (Wmin™) 368 + 47

Note: N, number,* = One participant was excluded due to power file corruptions,

VO2max, Maximal oxygen uptake, Mdx, maxmum minute power.

The testing occurred over three separate testing days witicigzets firstly
completing a laboratory based incremental test to exhausti®améx) with the field
and laboratory efficiency/economy testing completed in a randdnusder 7 + 2
days apart. Participants were required to refrain fromircaefféor 24 hours and
strenuous exercise in the 48 hours prior to testing. Participantsala@resquired to
complete a 72 hour food and exercise diary preceding the firstamdito keep
nutrition and activity similar for the same period prior to tegtiStature (m), body
mass (kg) and 4-site skinfold (Durnin and Wormesley, 1974) were nttasaréhe
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first visit. Temperature, humidity and barometric pressure wereasured

immediately prior to testing.

VO2 mayx

Laboratory tests were conducted on a cycle ergometer (SRM, SshoRed
Messtechnik, Welldorf, Germanythat was fitted with the participant’s clipless
pedals and adjusted to match their road bicycle. The protocol stariéd W for 5
minutes as a warm-up and immediately increased by 5 W/15 secoridsolitittnal
fatigue or a cadence of > 60 m@n™ could no longer be maintained. The maximal
minute power was determined by the highest average power overimume @nd
used to calculate the relative 60 % steady-state intensigatiBpby-breath gases
(Oxycon Mobile, Jaeger, Wiirzburg, Germany) were collected during®heaxtest
as a habituation for the proceeding trials and to classify thigipants maximal

oxygen uptake.

Laboratory steady-state efficiency and time-trial

The efficiency steady-state consisted of an absolute intendi0aN and a relative
intensity at 60% Wmax for 8 minutes each, totaling 16 minutes prior to the
completion of the TT. Participants were instructed to maintiagsame cadence
throughout the steady-state cycling while the SRM ergometentaimeed the pre-
defined power which adjusted for small variances in cadence. Folloavifige
minute rest period and a rolling start, the participants condactig®ll km TT with
the SRM in free cycle mode. Participants had free use of tise ge@ontrol power,
were instructed to complete the TT as fast as possible amahreeated throughout

(Grappe, Candau, Belli and Rouillon, 1997). Gases were collected throughout
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steady-state and TT cycling, with the average of the last two esiruiteach stage
used to calculate efficiency, and gases averaged over the duvétibe TT for

economy calculation (Seghapter 6).

Field steady-state and time-trial:

Field tests were conducted on a closed-road circuit (distance: 1.3@f Xkmitiden

in a clockwise direction. The participant’s road bicycle was fitted with a rear wheel
power device (PowerTap Pro, CycleOps, Madison USA) and digplaputer
(Joule GPS Promotion, CycleOps PowerTap, Madison, USA). Both tgseyres
were standardised (120 psi) (Grappe al, 1999) and power offsets zeroed.
Following a 30 minute equipment warm-up period the Oxycon Mobile was
calibrated in the same manner as the laboratory tests imehedmior to testing,
the facemask was secured to the participant and analysed pita@ harness with
both modules resting on the back of the participant with a tota wiad.95 kg
(Appendix 9). Participants were previously familiarised with the drcaind
completed three laps self-requlating power at 150 Watts arelltipie at 6@%6 \Wmax.
Following a five minute rest period the participants began theifiTavolling start
and completed 16.1 km (11.85 laps) as fast as they could with time, powpeadd s
data obscured. Participants were instructed to remain seated hthubube TT.
Wind, temperature and humidity data were also recorded from thdlevi@ather
station. Efficiency and economy sampling were conducted with the cdieria as

the laboratory tests.
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9.3 Data analysis

Descriptive and analytical statistics were calculated Eitel, SPSS and Graph pad
prism. Outdoor power was adjusted by +2.7 % based on the study by Bettatci
(2005) and in accordance with validity testing conducted in the laborétmy
Appendix 8). The data was assessed for normality with the Shaprio-wstk Tae
field variables that were considered not normally distributed:wi&s®@ W energy
expenditure, TT energy expenditure and V2 (P < .05). The laboratory measures
that were considered not normally distributed were; 150 W, 60 % panekr
humidity (P <.05). Consequently, non-parametric tests were conducted when
performing singular comparisons (related samples Wilcoxon digRank) or
correlations (Spearman rank tests) for the above variables ard pamples t-tests
and Pearsons product moment correlations for parametric datsoriRegroduct-
moment correlation analysis and linear regression were used pa@T powes

in the laboratory and field environment (Hopkins, 2004). To determine the
differences/bias between laboratory and field conditions, limitgretment were
determined with logged power at all three intensities (Newitl Atkinson, 1997;
Bland and Altman, 1986). Generalised estimating equations (GEE) wsetk to
correct for the differences in power across all workloads by tatjugor energy
expenditure, for gross efficiency a2 for economy (Nevil, 1997); they were
also performed with cadence, temperature and humidity as additovaliates
Generalised estimating equations are robust against violations roélyr and
independence of variables, e.g repeated measures, or severalesnéakan from
the same participant (Zieger, Kastnre and Blettner, 1998). €ssasise validity of
disregarding field data, if the average wind was > 8'mall data was analyde

regardless of wind speed and then divided into two goups, <3 m's* and > 3 ns’
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average wind speed. For the purpose of correlation analysis ef gffigency,
power and raw energy expenditure at 150 W and 60 % intensities log
transformed with a natural log (LN).ifletrid VO2 and power were also log
transformed (LN) for economy analysis. Covariate corrected dasaalso used to

establish relationships with repeated measures analysis @lahdltman, 1995).

9.4 Results

Missing and excluded data files included; one TT gas file due tmausion of the
sampling line, two TT power files due to corruption and one field 1500Wer file

was excluded on the basis that it was 87 W above target power.

Environmental conditions
The environmental conditions for both the laboratory and field tests caeeien
Table 9.2 Temperature, humidity and barometric pressure were sighlffcan

different in the field compared to the laboratoB/<{.001).

Table 9.2Descriptive environmental conditions.

Differenc
Environmental parameters Laboratory Field
e
16.9 +
Temperature (°C) 223+21 -5.4**
6.0
79.8 +
Relative humidity (%) 53.1+84 26.7**
7.0
Atmospheric pressure (mmHg) 867 +7 1016 + 8 149**
Air speed(ms?) 5.1+29
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Gust (ms1) 6.7+4.4

Note: ** = P < .001.

Power.

The participants were able to maintain a similar absolute 150a/ 147 + 5 W,
Field: 154 + 15 W) and relative 60 % power (Lab: 218.1 + 25.7 W, Field: 209.4 +
26.9 W) in the laboratory compared to the field environment (05) Figure 9.1).
The limits of agreement for 150 W were 1.0251.113 and 60 % power were 0.999
X+ 1.071, both were found to not be significant with an equivalent biad 8f at
150 W and~ -2 W at 60 % in the field conditiorP (> .05). The limits of agreement
for TT power were 0.96%2+ 1.096. The bias was equivaletd ~ -10 W in the field
condition compared to the laboratori? € .001) Figure 9.2). There was also a
significantly larger within trial power variation (SD) during theld TT compared
to the laboratory (Field: 49 W, Lab: 31 W,<.001). There was also a significant,
high positive correlation between TT power in the laboratory and thgfield.80,

r? = 0.64,P < .001) (sedFigure 9.3).

Power (W 'sec™)
TN
o [on) o
T 29

a
<

o
1

150W 60%

Cycling intensity
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Figure 9.1A comparison of laboratory absolypewer at 150 W, 60 % maxmum

minute power (Wax), during TT performance and field power determined with
limits of agreement bias. NotEE = Laboratqg = Predicted field, *=P <

.001.

/0T ittt Mean +2SD

20 o2 Mean

0 100 200 300 400
Average TT Power (W ‘min '1) (Lab and Field)

Difference in TT Power (W ‘min™?)
(Lab - Field)

Figure 9.2The limits of agreement between laboratory and field TT power

(Wattsmin'™).

400- y = 0.8090x +27.83
r =0.639

0 200 250 300 350 400
Laboratory TT (W ‘min %)

Figure 9.3 The relationship between time-trial (TT) power in the field and
laboratory P < .001).
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Cadence
Cadence was significantly lower in the field compared with &boy across all
intensities (150V Lab: 91 + 9, Field: 82 + 10, 60 % Lab: 93 + 9, Field: 85 +10, TT

Lab: 97 + 8, Field: 88 + 9, remin, P < .001 in all cases, séégure 9.4).

Cadence (rev-'min1)

150W 60% 1T

Cycling intensity
Figure 9.4 A comparison of field and laborajocadence at 150 W, 6@ maximal
minute power (Wax) and during the time-trialNote: EE3 = Laboratory il =
Field and ** =P < .001.

Efficiency and Economy

Gross efficiency in the field was not significantly differef® > .05) compared to

laboratory testing at 150 W. Field gross efficiency was sigmifly lower compared

to the laboratory at 6@ Wmax (P = .003). Cycling economy during the time-trial
was not significantly different between the two conditioRs=(.09). Correcting for

cadence as well as energy expenditure had no effect on efficiemd economy

significance classification (150 WP = 0.849, 60 %P = .036, TT:P = 0.272).
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Correcting for energy expenditure, cadence, temperature and huresdiliyed in no

significant differences across all workloads (150RM: 0.934, 60 %P =0.561, TT:

P =.065, sedable 9.3.

Table 9.3The results from the efficiency and economy generalised astgn

equations (GEE).

Covariate Intensity Laboratory Field Difference
Mean = SD Mean+SD Mean + SD
150 W (GE %) 18.68 + 4.37 18.7 + 3.88 0.02
EE 60 % (GE %) 2041 +£2.16  19.02+1.87 -1.39**
TT (EC WVO?) 76.62+2.10  73.52 +1.47 3.1
150 W (GE %) 18.62+4.36  18.76 + 3.88 0.14
EE & CAD 60 % (GE %) 20.31+£2.15 19.11+1.96 -1.2*
TT (EC WVO?) 76.18£5.62 73.95+4.54 -2.23
EE, CAD, 150 W (GE %) 18.73+4.75 18.66 +4.11 -0.07
TMP & 60 % (GE %) 19.98 +£+3.29  19.43+3.82 -0.55
HUM TT (EC WLO2) 78.19+11.96 71.99+10.45 -6.2

Abbreviations: SD, standard deviation, EE, energy expenditure, CAD, cadence

TMP, temperature, HUM, humidity, GE, gross efficiency, EC, econdvoye * =

P <.05, ** =P < .001.

Ventilation (\E) was significantly lower in the laboratory compared with iblel f

across all conditions when correcting for power and including alk tfgeeFigure

9.5. There were no differences in RER across all intensitiem wbeecting for

power @ > .05).
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Figure 9.5A comparison of field and laboratory ventilation at 150 W¥%60/max
and during th@T. Where; @ = Laboratory® = Fieldlote ** = P < .001.

Thirteen field and laboratory comparisons were conducted with angavevand

speed <3.0 m'swith fourteen > 3.0 re! (seeTable 9.4for details on environmental
conditions). Combining the 150 W and 60 % intensities repeated observation
correlation analysis determined a significant positive cooalain gross efficiency
between the two conditions (r = 0.40%65= 0.035). This relationship was improved
when trials with wind speeds > 3gh were excluded (r = 0.65P, = .016). When
economy values across intensities were combined there wasf@aagignpositive
correlation of very low strength between laboratory and field econogaydless of
wind speed (r = 0.27R = .049). This relationship was improved when trials with

wind speeds > 3 ' were excluded (r =0.3%,=.039). Excluding trials with wind
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speeds > 3.0 mi’shad little effect to the differences ire\énd RER between the

conditions.

Table 9.4Descriptive environmental conditions separateda By) ms* wind

speed threshold.

Environmental parameters Field <3.0 ms™ Field > 3.0 ms*
Number 13 14
Temperature (°C) 166 17+6
Humidity (%) 80 +7 79+9
Barometric pressure (mmHgQ) 1019+ 7 1012 +£5
Air speed(ms?) 1.4+0.4 43+15
Gusts (ms1) 1.8+0.7 57+28

9.5 Discussion

The main aim of this study was to assess the differences betwldeantil laboratory
measures of efficiency and economy in cyclists. Gross sffigcieat 150 W did not
show any differences between the two conditions which is consisténpreitious
findings associated with measuring efficiency at low worksréfeoole& Henson
1988). This could also be due to the higher variation and therefore lowigvisens
at 150 W in comparison to the higher relative powers, demonstrated iCHeyte r
and 8. Only the relative 60 % AAx intensity was considered significantly different
(P = .003), with field gross efficency being 6.8 % lower than laboratany
equivalent to an exra 15 W of power generation in the laboratory @mpacable
energy e&penditure in the field. However, the cyclists’ cadence was significantly ~
9 % lower in the field compared to the laboratory across alkloams. Preferred
cadence in the laboratory has been previously reported by Jetshr(2012) to be
within 90-100 rpm, the cyclists fall within this typical rangeiring laboratory but
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not field cycling across all intensities. This difference idepae combined with
absolute metabolic differences, have been attributed to flywhdel eygometers
having greater inertia at faster flywheel and pedal spédaigt (and von Kiparski,
1989; Hansen, Jorgensen, Jensen, Fregy and Sjogaard, 2002) Interventions
exploring the physiological cost of a reduction in cadence in labgratudies (80
vs. 100 remin) have reported a 7 % higher efficiency with the reduction in
movement speed (Stebbins, Morre and Casazza, 2014). Although this has not been
demonstrated with field based studies to date, it was consideremttamito account
for this by adding cadence as a covariate in the analysis becatlse laforatory -
based data. This inclusion reduced the difference in efficiencywebet laboratory
and field measures although differences still reguhistatistically significant (5.9
%, P =.036). Reporting a lower efficiency in the laboratory is contramheastudy

by Bertucci, et al (2012) who reported a 12 % higher gross efficiency in the field. It
was proposed that the ergometer used in their study did not hayevizedl
mechanism and therefore had alower crank inertial load was theeason rfor the
reduced efficiency on their ergometer. Crank inertial load wasiloles as having a
positive relationship with gross efficiency (Bertua al, 2012) and as the SRM
ergometer in this study had a flywheel it is postulated that the crarlalitead was
higher and therefore could possibly account for the differences noted outteist
study. Crank inertial load is one of a number of biomechanical fadtatscauld
potentially account for the lower field efficiency in this stutlye others include;

gearing (Guiraucet al, 2008), body position (Fintelman, Sterling, Hemida and Li,

2015) and stabilisation during road cycling.

Biomechanical factors such as body position and aerodynamic resistancbe

affected by both wind speed and yaw ange (Fintelman, Sterlingidelend Li,

159


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertucci%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=22694978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertucci%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=22694978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fintelman%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=25996563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fintelman%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=25996563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hemida%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25996563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20FX%5BAuthor%5D&cauthor=true&cauthor_uid=25996563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20FX%5BAuthor%5D&cauthor=true&cauthor_uid=25996563

2014), which are just two of the many environmental conditions which are
notoriously difficult to predict and standardise with significantl§fecént conditions
being reported in this studf? < .001) and by Gonzalez-Haro, Galilea, Drobnic and
Escanero (2007). By adding temperature and humidity as additional tEsyaiia
resulted in none of the intensities being considered significantlferesit and
brought the mean difference to just 2.7 % for the?6@max intensity. Adding
temperature and humidity as covariates resulted in ~50 % reducfiorihe
differences in gross efficiency compared to only correctingeffiergy expenditure
and cadence. Changes in environmental conditions have been shown to influence
gross efficiency with Hettingaet al, 2007) reporting a reduction of a 0.9 goss
efficiency unit (equivalent to a 4.4 % reduction), suggesting fthaemrcy should
have been lower in the warmer laboratory conditions. The negative effectagher
temperature have been theorised to be caused by an increased foridissipate
heat with increased periphery blood flow (Bertucci, Arfaoui, Jaresuh Polidori,
2013). The difference in efficiency reported by Hettirgaal (2007) was however,
with a large 20°C increase in temperature, and it is possibtetiie much smaller
increase in temperature seen in this study was not sufficerutiveigh other

physiological and biomechanical factors.

Bertucci et al (2012) described a wind speed cut off threshold during field testing
of < 3 ms?, while other field comparisons have failed to state any sucri@rit
(Nimmerichter, Haselsberger and Prinz, 2Q¥4o0ses, Tippi, Mooses, Durussel and
Maestu, 2015). Despite the field tests being separated by the pead threshold

the average temperature, humidity and atmospheric pressuch afeap were very
similar (Table 9.3 resulting in an equivalent comparison of the environmental

conditions. The relationship between gross efficiency and economy labtnatory
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and field was improved by introducing this wind threshold and this apjmebes a

realistic and justifiable cut off for field data collection.

TT mean power was 9 % lower in the field condition compared to the labok&ory
<.001). This contradicts a study by Snattal (2001) in which a 3 % higher mean
power in field based 40 km TT compared to the laboratory was reportet. ¢biani
(2001) also reported that field performance time was 5% slowtaeifield despite
the higher power. This discrepancy has been linked to body size,ist@mes and
gradient (Jobsoet al, 2007 Peterman, Lim, Ignatz, Edwards and Byrnes, 2015).
TT mean power was highly and positively correlated between the laboestdrshe
field (r=0.80P <.001). Although 64 % of the variance in field power was explained
by the laboratory assessment this still resulted in 36 % unexplsiargance in this
analysis. Utilising participant’s own road bicycle could have resulted in energy
transfer inconsistencies between the site of force applicatitre gtedal and power
measurement in the rear wheel hub. This phenomenorensdefo as ‘drive chain
efficiency’ where bicycles have differing levels of frictional losses most notably
effected by gear ratio and chain tension (Spicer, Richardson, hElrit Bernstein,
2000). Althougn it is theorised that frictional losses and energy feranse could
cause small but likely consistent differences in the field poneasurement; the
benefits of measuring energy expenditure on the participant’s habitual road bike,
unlike Nimmerichter, Haselsberger and Prinz (2014) who used a sirgstain
bike, and the ease of fitting the power tap wheel in the field far odn@deithe minor
inaccuracies. In addition, the aim was to intentionally comphee differences
between afixed ergometer and free wheeled bicycle as ceflicgncy is far more
frequently measured on a fixed ergometer in the laboratory. dtheieved that

comparing the two arguably opposing cycling modes, would provide the mos

161



applicable comparison to cycling efficiency research conducte@ fixed cycle
ergometer. Furthermore, due to potential differences in bottomkebrac
configurations hindering SRM crank attachment, and the potentiandtiple
habituation trials required to acclimatise participants targyabn a treadmill, the
likelihood of a higher level of error was outweighed for the desigthefinitial
research into the comparison between field and laboratory efficiemeasurement.
That being said a more likely explanation for the unexplained pa@t@®rarying air
speed conditions, as only the average air speed was recorded dsesgynasit, and
the small but relevant changes in gradient, which are both likelyilooted to
significantly higher within trial variations in field power (18 W)reater undulations
in power have been attributed to decreased mean power during tisjeviith the
optimal pacing strategy for atheoretical 0 % gradient TT > hQtes, is to maintain
the highest constant power output (Atkinson, Peacock, St Clair Gibsoruaker,T
2007). Fluctuations of within trial power are rarely reported bus study
determined an 18 WP(< .001) higher variation in field power compared with
laboratory, which could explain why there was an increased ventilditing present
in the field condition. Higher ventilatory drive increases the tebargy cost of
breathing and has been calculated to account for between 0.2 and 0.3 giess\effi
units based on an energy cost of breathing between 2.14 - 2. 7#opkeret al,
2013). Using the same range, the difference in ventilation at 15&Minded for
between 0.43-0.54 of a gross efficiency unit and 0.41-0.52 of a gross efficientc
at 60 % Whax intensity. Using the mean 60 % energy cost of breathing, it would
reduce the differences in efficiency by 0.4-0.5 gross efficiencis.umius for the 60
% intensity with energy expenditure correction the differences weditce from -

1.39 to -0.93 %:; with cadence added as a covariate the reduction would b&.fom -
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to 0.74 %; and the difference was amost completely attenuateld thvé
environmental conditions added, reducing the difference from -0.55t0 -0.09 %. With
the calculation of the additional ventilation cost the difference in TT ecpwoould

also be reduced by between 1.09-1.39.Q¥'min?. This would reduce the
difference between the 150 W and 60 % economy differences by moréQtBan
from -3.1 to -1.86 and -2.23 to -0.99'\@z min? respectively. The increased
energy cost of breathing made only a small reduction to the differene@mnomy

at the TT intensity from -6.2 to -4.96 MD2 'min™*. Overall this suggests that the
difference in energy expenditure could be accounted by the increasatilation

and the associated additional energy costs. Consequently the diffepao@usly
reported in field efficiency could be as a result of confoundingradhat have not
been accounted for in past research. This study validates laborateyremeant of
gross efficiency and time-trial economy when power, cadence raimranental
factors are either stable or included as confounding variables, as®l vérg@bles
need to be considered if the scientist is trying to estimadled based energy
expenditure. Also of note, based on the different findings reported hepameahto
previous work (Bertuccet al, 2012), the exercise scientist will also need to consider
available data on their chosen ergometer if making these estigjatas the
assumption of congruence between Axiom and SRM ergometers fiehdtes from

laboratory assessments would have been invalid.

9.6 Conclusion

This studysuccessfully compared efficiency and performance TT’s both in a field

and laboratory environmentDue to the variability of the field environmental
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conditions and the notion that efficiency is very sensitive to chamgeloth
temperature, intensity and cadence (Hettiegaal, 2007; Cadmara, Maldonado-
Martin, Artetxe-Gezuraga and Vanicek, 2Q1R)is believed that it will be very
difficult to assess the small changes in efficiency thgbeedicted inChapter 7 and
reported inChapter 8. Therefore field assessment of efficiency changes were not
pursued irChapter 10, but field performance TT testing was conducted on the basis
that TT’s are often conducted in all environmental conditionss and have a smaller
CV % (Chapter 7). Hence changes in field performance TT’s were thought tobe a
more realistic and robust endeavour to determine small changes. rirorthea
longer period of calorie restriction is likely to induce a greategnitude of body
mass change, which is theorised to have a larger effect onfflelderformance

(Jobsoret al, 2007.
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CHAPTER 10 - THE EFFECT OF MEDIUM-TERM BODY MASS
CHANGE ON CYCLING EFFICIENCY AND PERFORMANCE.

10.1 Introduction

Competitive cyclists are considered a particularly weigmtsdous population, with
a large proportion of competitive cyclists indicating thabwer body mass has
beneficial effects on performance (Haakonssen, Martin, Jenkins uekd, B2015).
Body mass reduction is primarily advocated by cyclists due poowements in
power to weight ratio, which results in the greatest advantage winémng uphill
(Swain, 1994). However, efficiency which is regarded as a keyndetmt of
performance, (Oldst al, 1995 Lucia et al, 2002) has also been reported to improve
with reductions in body mass within the health and weight loss fielde(lBasmet
al., 2003 Amati et al, 2008 Goldsmithet al, 2009). Due to exact changes in body
mass being rarly reported in elite cyclists it is difficudtascertain and speculate the
exact physiological efficiency effects with mass reductitverefore this Chapter is
reliant at least initially on research from sedentary popuistwith over-weight and
obese participants (Rosenbawghal, 2003 Amati et al, 2008 Goldsmithet al,
2009). Consequently, in the vast majority of studies where calorigctiea has
been achieved, efficiency has either not been calculated, or caetietion alone
(without an additional exercise intervention) has failed to signifig improve
efficency (Poole and Henson, 1988, Amati al, 2008). Low power outputs,
grouping bias and high variation in efficiency due to a lack of habituabioncting,
may explain why differences have not been found with medium-terorieal
restriction (Amatiet al, 2008). Although calorie restriction has been reported to be
one of the most popular means for reducing body mass (Haakogisaen2015) it

has the potential to hinder cycling performance over longer periodlsdyausing
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a reduction in fat-free mass (Clark, 2015). The ratio of fat radat-free mass
reduction varies between studies with a tendency to range from e3:2:1
(fat:FFM) (Rosenbaunet al, 2003 Larson-Meyeret al, 2006; Amatiet al, 2008),
with the difference in ratio likely due to the severity of calorestriction and
duration of intervention. Conversely, a moderate calorie deficit witletes has
resulted in significant changes in fat mass between 23-31 %b nwitreported
reductions in lean mass (combined mass of organs, bones, muscle, amditer
connective tissue) (Garthe, Raastad and Sundgot-Borgen, 2011). The amaeten
of lean mass was attributed to four strength and conditioning segs@mnaeek
implemented during the intervention (Garthe, Raastad and Sundgot-B@@En),
although a previous study by Connolly, Romano and Patruno, (1999) also deporte
lean mass maintenance without the addition of exercise. Reducticaisfreef mass
but more specifically lean mass would be considered detrimenparftomance by
reducing maxmal power output andT performance (Martin, Davidson and
Pardyjak, 2007). Therefore, there is a need to investigate the effeclorie
restriction in a non-obese regularly exercising population terrdiete the impact

upon power output and TT performance.

Fluctuations in body mass have been described in longtudinal studiemde dha
as much as 7 kg in a competitive cyclist (Coyle, 2005) and with endutesining

to reduce by 12.5 kg equivalent to 0.63negk’ (Lee, Kumar & Leong, 1994).
Body mass variations are therefore, also likely to occur with methum studies,
albeit to a lesser extent but, particularly when energy eXxueadis manipulated
through training. Despite the potentially confounding effect of bodys naasl

composition changes over the course of a study, variations arereggelyed. The

majority of studies exploring efficiency are classified raedium-term, defined as
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rangng from 2 to 12 weeks (Broom, Hopkins, Stensel, King and Blundell, 2314); (
weeks: Louis, Hausswirth, Easthope and Brisswalter, 2012, 7 weeksikaig
2014, 12 weeks: Kristoffersen, Gundersen, Leirdal, Iversen, 2014), with 6 weeks
being one of the most popular intervention durations (Luttrell andigsoit@003
Hintzy, Mourot, Perrey and Tordi, 2005, Williamst al, 2009, 6 & 12 weeks:
Hopkeret al, 2010). Subsequently, it is yet to be quantified how changes in body
mass over the most frequently used intervention duration (6 weekshficeence
changes in efficiency in a non-obese cycling population, which may havieysly
confounded or exaggerated results from medium-term repeated medasign
studies. It was therefore, the aim of this study to build on théopige study in
Chapter 8to see the effect of a longer period of calorie restriction, buittesting
under isocaloric dietary conditions (neutral energy balance) egpireg a more

ecologcally valid scenario of pre-race season preparation.

10.2 Methods

Twenty-nine male participants who had been cycling for a minirobitevo years
gave their written informed consent to participate in the ipatsin  and
satisfactorily completed a health questionnaire. The physicalctbrastics of the
participants were as follows; age 40 + 11 yrs, height 1.79 + 0.07 m, body mass 77.5
+ 7.2 kg, body fat 18 + 5 %yOzmax 47.19 + 8.62mlkgmint, Whax 373.0 + 42.9

Wmin?, relative Whax4.84 + 0.60 g min™? (mean + SD).

Experimental protocol:
Participants visited the laboratory on six separate occasidthsaWwOzmax and an

efficiency/TT visit repeated in a consecutive three phaseato(two pre, two post
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and two follow-up visits). The conditions within the laboratory wenejpirature,

21.4 + 2.2 °C; humidity, 51.6 = 8.0 %, barometric pressure, 755 = 9 mmHg.
Anthropometric measures were conducted on every visit; height (m), rhasly

(kg), six-site skinfold (mm) (Bicep, Tricep, Subscapular, lteest, Thigh and Calf)

by an ISAK accredited Anthropometrist. Body density was determurgdg the
Durnin and Womersley (1974) equation. Body density was converted to a body fat
% using the Siri equation (1956) (S€bhapter 6). All exercise testing was conducted

on an electromagnetically braked cycle ergometer (SRM hJuiermany) which

was calibrated according tmanufacturer’s instructions prior to testing The
ergometer was adjusted to the participant’s road bicycle geometry and fitted with
compatible pedals. Oxygen uptak€Qp, L'mint), carbon dioxde production
(VCO2, L'min!) and RER were calculated via a portable breath-by-breath dndire
calorimetry system (Oxycon Mobile, Jaeger, Carefusion, Hoechléegnany).
Participants were randomised to either a body mass reduction intamvemtwere
provided with no dietary instruction in the six week period between theg neast
visits. The follow-up phase was conducted six weeks after the pogeitien tests
where no dietary instructions were provided for either group. Testasgerformed

at a similar time of day to control for circadian variance. Theaqpehts were asked

to refrain from consuming caffeine for 24 hours, undertaking strenuoussexéoti

48 hours and arrive fully hydrated before each test (Pringe and Jones, 2002 Jenkin

et al, 2008).

VOZmaxViSit:
An incremental exercise test to exhaustion was performed &egimning of each

phase to determine M (Wmin') and VOzmax (L'min) using the same protocol
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that has been previously described Ghapter 6. This informed the sub-maximal
starting intensity for the steady-state @0Wmax efficiency test. A familiarisation

16.1 km TT was conducted on the first pre visit.

Efficiency and TT visit

Resting metabolic rate (joulssc’) was assessed with the participants in the supine
position, wearing a heart rate monitor (Polar Wearlink, Polatr&l€édy, Kempele,
Finland) and facemask for 20 minutes for the purposeddRRNd net efficiency
calculation. Resting metabolic rate and rHFbeatsnin) were determined by the
average 10 second data and 1 second data respectively between 10-20 mi
Anthropometric data collection separatedMR and efficiency measurement.
Participants cycled at two steady-state intensities fgt eminutes each at an
absolute 150 W intensity and a relative %0Nmax intensity (Hopkeet al., 2013).
During a standardised five minute recovery period a finger pradosample was
collected in a capillary tube, syringed into a disposable cart(@§8+, Abbott, IL,
USA) and placed in a PCASTAT, Portable 200, Abbott, IL, USA). This provided

a measure of the participants; blood urea nitrogen (BUN). The 16sklkmaced

TT detalled; a rolling start, data-restricced to distance edvefm) and for

participants to remain seated, with gas collection throughout.

Efficiency and Economy
Oxygen uptake and/CO2 were averaged from 10 second breath-by-breath data
between minutes 6:00-8:00 and 14:00-16:00 during steady-state cycling and

averaged across the whole 16.1 km TT. Power was averaged at thejsarakeret
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time-intervals. Gross, net efficiency and economy were caculas outlined in

Chapter 6.

Field TT power

Thirteen participants also conducted an additional 16.1 km TT test bettapd
post-intervention in the field environment on a closed-road circuitséssghe effect
of the intervention on performance power and time. This testingp@srtunist in
nature and considered secondary to the orignal pebpdsch resulted in onha
selection of participants being able to conduct field testing. Wiassbased on the
flexibility of the participants and the compatibility of theioad bicycle. The
participant’s road bicycle was fitted with a rear wheel power device (PowerTap Pro,
CycleOps, Madison, USA) and display computer (Joule GPS PromotcleQps
PowerTap, Madison, USA). Both tyre pressures were standardised p&ip0
(Grappe, Candau, Barbier, Hoffman, Belli and Rouillon, 1999) and powersoffse
zeroed. Participants were previously familiarised with theuiti and completed
three laps derequlating power at 150 W and three laps a#®®/max. Following a
five minute rest period the participants began the TT witlollng start and
completed 16.1 km (11.85 laps) as fast as they could with time, powepeed
data obscured. Participants were instructed to remain seated hthubube TT.
Wind, temperature and humidity data were also recorded from tHeweesher

station.

Dietary instructions and training monitoring

All participants provided a three day food diary prior to testifige body mass

reduction group were instructed to use portion control to reduce thaircalorie
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intake by ~ 500 kcalay® without altering macronutrient ratios. They were also
instructed to consume an isocaloric diet in the three days prioritgté&Sompliance
with the intervention and pre-testing protocol were determined by bodyanasge
and pre-testing food diarie\gpendix 5). Particular emphasis was gven to ensure
participants consumed the same meal two hours prior to testingingrdata was
obtained from online recording progams (STRAVA, Garmin Connect+ and
Training Peaks). Data was collated in weekly segments tesasbtferences in
distance, time and elevation in the six weeks preceding the participant’s

commencement of the study and between the three phases of the study.

10.3 Data analysis

The data was analysed based on orignal group assignment intoiitneention
group or control group. Descriptive and analytical statistioe walculated using
Excel, SPSS and Graph Pad Prism. All data was checked for the presentliers
and the Shapiro-Wilk test used to assess normality. The follovangbles were
found to violate the assumptions of normality; body mBss (001), lean mas$(<
.001), N& (P <.05), K" (P < .001), CL (P < .05), pHP < .001) and PCE(P < .001).
Consequently, non-parametric tests were conducted when perfornmigglasi
comparisons (related samples Wilcoxon Signed Rank) or camdat{Spearman
rank tests) for the above variables with paired samples taest®earsons product
moment correlations for parametric data. Twar repeated measures ANOVA’s
were used to asseSsT power, RMR, training and dietary data between group and
across phases. Where data violated assumptions of sphericisnhGuee-Geisser
results were used. Generalised estimating equations in a twofohast adjusted

for the variance in logged (LN) energy expendituresed) for gross and net
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efficiency at 60 Wmaxand loggedVO2 was used to adjusteBT economy. The 150
W intensity was not corrected for energy expenditure due tontitedi variation in
power (CV = 0.7 %). Pre- and post-interventioa &hd HER were corrected for

power with GEE’s to explore the specific changes in these parameters.

For the purpose of correlation and regression analysis, power and exeegditure
measured at 60 % M¥x and TT intensity were log transformedN() before
allometric scaling was applied to gross, net efficiency esmhomy (Atkinson &
Batterham, 2012). Pearson product-moment and Spearman rank correlations
highlighted variables with a significant relationship to efficienand performance

power. An alpha level of significance for all tests was s@5d @ < 0.05).

A secondary analysis assigned groupings based on mass change farmamss
reduction and mass increase group to assess if the resultsddiffased on mass
change (three participants were moved in total; two partigpiand experimental
and one into control). The reasoning for a secondary analysis wasodbe t
possibility that there may have been cross contamination betWweentérvention

and non-dietary instruction group.

10.4 Results

Group physical characteristics:

Twenty-nine males completed a pre and post intervention phaseévwerly -four
completing the follow-up phase. Based on data fromVthmmaxtest, the participants
were classified as ‘club level’ based on mean Mix, according to Ansley and Cangley

(2009). There were no differences in physical characteristidtsvebe groups
172



measured at the pre intervention stagable 10.). The group that received no
dietary instruction between the six week pre and post phasd daody mass and

are referred to as the mass increase group.

Table 10.1Physical characteristics comparing mass reduction and iecgeagp at

the pre intervention phase.

Dietary intervention Mass increase

Mean £ SD Mean £ SD
N 13 16
Age (yrs) 42 +11 38 £12
Body mass (kg) 759 +£4.9 78.8 +8.9
SF Body fat (%) 19.2+ 3.5 17.7+6.7
VO2zmax (L'min™) 3.49 £ 0.68 3.76 + 0.62
VO2max (mlkgmin™) 46.26 +8.64 47.94 +8.81
Wmax (Wmin™) 366 + 31 379 =51
Wmax (Wkgt'mint) 4.86 +0.38 4.83 +0.74

Note: SD, standard deviation, N, number, SF, skinfel@zmax, maximal oxygen
uptake, Whax, maximal minute power. No significant differences exsted éetw

the two groupsK > .05).

Body composition

Between the pre- and post- phase there was a 3.03 % reduction imassiyn the
dietary intervention group and a 2.41 % increase in the group tleatedecno
intervention (mass increase) and were statistically significhangesR(< .001) (see
Table 10.2. There was a significant reduction in fat-free mass in thtargi
intervention group pre to po$t € .001), and there was a significant increase in the

mass increase grou® K .05). There was a significant decrease in fat mass in the

intervention group and a significant increase in fat mass fontrease group pre
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to post P < .05). Participants were considered mass stable in the follovirage @as
there were no significant differences in either the dietaryvieeention group (-0.3

kg) or mass increase group (0.1 kg)>.05).

Table 10.2Changes in body composition pre and post intervention.

Dietary intervention Mass increase
Body mass A (kg) -2.3 £ 1.5% 1.9+1.9*
Fat mass A (kg -1.0+£1.1* 1.2+1.6*
Fat-free masa (kg -1.3 + 0.9** 0.7+ 1.0*

Note: * = P < .05, *= P < .001.

Cadence

There were no significant differences in cadence during efficieneasurement in
the dietary intervention group (150 W: 91 + 8, 60 %: 92 + 8, TT: 97 ¥ fhirel)
or mass increase group (150 W: 91 +9, 60 %: 94 + 9, TT: 96 +rifim&y across

phasesK > .05).

Laboratory TT power

There was no main effect for group % .05), but there was a phase effdet=(.049)
for TT power, there was also a significant group x phaseagtien pre to post
intervention in TT powerR = .006). There was no significant main effect or
interaction of time-trial power between postand followRip (05) (sed-igure 10.1

andTable 10.3.
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Figure 10.1Change in TT performance power across all phases and between

groups. Note:-= = Mass increase,~® = Dietary intervention, Interaction* =
Interaction effect B < .05). Error bars represent standard error of the mean (SEM).

Table 10.3Change in time-trial powd¥V'min) from pre to post and post to
follow-up.

A Pre to A Post to

Group 95 % ClI 95 % ClI
post follow-up
_ Dietay 5.0 12 t0 22 7.85 -8.310 24.0
intervention
M ass increase -14.2 -23to0-5.6 -10.24 -29.2t08.7

Note: A, delta (change), Cl, confidence interval.

Field TT power:

Six participants from the dietary intervention and seven from the n@asase group
conducted field TT’s. The environmental conditions are presented in Table 10.4and
were reasonably stable with only a significant reduction in tefyperan the post
testing. The mean TT power for both groups was 237 W, although the masoreduc
group had a smaller distribution of mean power of 21 W and the n@sase a 55
W standard deviation in TT power. The mass reduction group power icregse

17 W post intervention whereas the mass increase group displayled $impower
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with only a 2 W reduction. Despite the increase in power in the digtgegvention
group and stability in power in the mass increase group, TT tirmeshgatly lower

post, attributed to variable weather conditions (albeit not significaaguré 10.2).

1900+
1850+ T
< 1800-
Q
& 1750- II
Q
£ 1700+ {
||: 1650+ -
1600+
ol . .
Pre Post
Figure 10.2Change in fieldT T time from pre to post intervention. Not&:- =Mass
increase, = Dietary intervention, with no significant differe(RRe> .05). Error

bars represent standard error of the mean (SEM).

Table 10.4Descriptive field environmental conditions pre and post intervention.

Pre Post
Environmental conditions intervention intervention Difference
Mean + SD Mean + SD

Temperature (°C) 17.7+£5.4 13.0+£4.2 4.7
Humidity (%) 79.6+ 7.2 80.0+5.1 0.4
Atmospheric pressure (mmHg 1015+ 4 1018 £ 12 3

Air speed(ms?) 5.6 +2.7 3.9+27 1.7
Air gust (ms™?) 75+4.7 49+3.6 2.6

Note: * =P < .05.
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Resting metabolic rate:
There was no significant main effect or group interaction betweemno post RMR

or post to follow-up B > .05) (se€Table 10.5.

Table 10.5Change in resting metabolic rate (jowdes’) from pre to post and post
to follow-up.

Group A Pre topost 95% Cl A Post to follow-up 95 % ClI

_ Dietary 1130 -8.8t06.2 -1.60 95106.3
intervention
M ass increase 2.06 -6.7t0 11 517 -5.81t0 16.2

Note: A, delta (change), Cl, confidence interval.

EconomyatTT
There was no significant main effect in economy for phase or groupedsetpre and

post intervention K > .05), there was a significant group x phase interactivs (

.005). Pairwise comparisons indicated a significant reduction im#ss increase

group economy pre to post intervention (82.99 to 78.890¢ min, P = .004).

There was no significant main effect or interaction between aasbtfollow-up

(77.01 to 78.47 WOz min, P > .05) (seeFigure 10.3and Table 10.9.
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Figure 10.3Economy during th&T across all phases and between groups. Note:
== Mass increase;®- = Dietary intervention, Interaction* = Interaction effe@ (

< .05). Error bars represent SEM.

Table 10.6Change in economy (Y02 min™) from pre to post and post to
follow-up.

Group APreto 954,  APostto 95 % Cl
post follow-up
_ Dietary 146  -13t04.2 1.28 1.7t04.3
intervention
M ass increase -4.10 -6.6 t0 -1.6 -2.0 -3.6t04.0

Note: A, delta (change), Cl, confidence interval.

Gross efficiency at 150 W

There was no significant effect of phafe>(.05) or group K > .05 but there was a
significant interaction K = .039) comparing pre to post intervention in gross
efficency at 150 W Kigure 10.4. Pairwise comparisons indicated a significant
decrease in efficiency preto post in the mass increase @aujo(to 19.58 %R =
.028). There were no differences in gross efficiency at 150 Whéndtetary

intervention group between pre and post (20.76 to 20.79 %)Q05).
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Figure 10.4The effect of body mass change on gross efficiency (%) at 150 W.
Note: = = Mass increase;e- = Dieatary intervention, Interaction* = Interaction
effect P < .05), Group* = Group differenceP < .05). Error bars represent SEM.

Gross efficiency at 6@ maximal power:

Three efficiency calculations from pre-testing, three framatgesting and one from
follow-up at the 60 % Wax intensity were excluded on the basis of an RER > 1.0.
No significant main effects of group or phase were presenv#s gfficiency at 60

% Wmax when controlling for energy expenditure pre to post interventior .05).
There was a significant phase group interaction i¥®B0max gross efficiency B <
.01). Pairwise comparisons indicated no significant change in dfassney with

the dietary intervention (21.27 % to 21.64 ®)>.05) and a significant reduction in
gross efficiency with mass increase (22.11 to 2%3@P < .01) when measured at

60 % Wmax (seeFigure 10.5.
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Figure 10.5The effect of body mass change on gross efficiency (%) &b Bbhax.

Note:™ = Mass increase;* = Dietary intervention. Interaction* = Interaction
effect P < 0.01). Error bars represent SEM.

Net efficiency at 150V:
There wasasignificant main effect of phase (P < .01), but no main effecgréarp

or interaction in net efficiency measured at 150 W when compariegto post
intervention P > .05). Pairwise comparisons indicated a significant reduction in the

mass increase group (24.14 to 23.10Po¥x(01) (seelTable 10.7.

Net efficiency at 66 maximal power

No significant phase or group differences were found in net efficien &0% Wmax

pre to postinterventionP(> .05). There was a significant phase and group interaction
when controlling for energy expenditurd® € .05). The pairwise comparisons
indicated that there was a significant reduction in net efficietdy0 % Whax in the
mass increase group pre and pBst (05). No differences in net efficiency at %0
Whmax in the dietary intervention group between pre and post werenp(Esgure

10.6.
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Figure 10.6The effect of body mass change on net efficiency (%) at 666 W
Note: = = Mass increase® = Dietary intervention, Interaction**= Interaction
effect P < 0.001). Error bars represent SEM.

Table 10.70verall changes in cycling efficiency as a result of a mederm
body mass change intervention.

Dietary intervention Mass increase
Efficiency Intensity A Absolute A Relative A Absolute A Relative

150 W 0.03+1.18 0.14+565 -1.42+2.27 -7.03+11.24
GE (%)
60% 0.85+1.72 3.96+8.02 -0.75+1.64 -3.39+7.54

150 W -0.31+1.74 -1.30+ 7.28 -1.05 +3.77 -4.352 15.62
NE (%)
60% 0.41+1.39 173+587 -0.80%3.02 -3.24+12.37

Note: A, delta (change), GE, gross efficiency, NE, net efficiency and SD, standard

deviation.

There was no significant phase, group or interaction effects in 18DW gross

and net efficiency post to follow-uf ¢ .05) Table 10.8.

181



Table 10.80verall changes in cycling efficiency from post intervention to
follow-up.

Dietary intervention Mass increase
Efficiency Intensity A Absolute A Relative A Absolute A Relative

GE (%) 150 W -0.05+2.14 -0.27 £10.53 0.51 +3.43 2.61+14.95
60 % -0.25+1.19 -1.14+549 0.19+297 0.90+12.37

NE (%) 150 W -0.01 +3.90 -0.03+16.49 0.71+7.72 3.12 +33.31
60 % -0.50+1.64 -2.10+x6.90 0.51+3.60 2.14+15.16

Note: A, delta (change), GE, gross efficiency, NE, net efficiency.

Ventilation andespiratory exchange ratio:

No phase, group or interaction effects were identified gnatv150 W or at 60 %
Wmax (P > .05), however there was a significant phase effecte afving the TT P

< .05) and no interactionP(>.05). Pairwise comparisons identified that only
difference was a reduction ineVin the intervention group (pre: 125.3, post: 115.7
L'mint, P <.05). There were no significant differences in phase, grougieoadtion

effects in RER across all of the intensiti€&>(.05).

Predicting changes in performance economy:

Changes in TT economy had the strongest relationship with changesefficiegt cy
at 60 % (r = 0.709), anchanges in economy at &8 Wmax (r = 0.722), P < .001)

showing significant high positive correlationkigure 10.7).

182



e

<

HE' 201 - o 5-

‘N g\o_/ [ )

S S e o

. O .

e B 30 20 - ® o0 20

] c ° [ )

— ]

S ©

£ ©

(@] —

: z

v < -10-

< 4
A Economy at TT (W 'LO, min %) A Economy at TT (W ‘LO,  'min )

Figure 10.7The relationship between changes in TT economy verses changes in
60 % economy (left graph) (y = 0.4739x -0.34365 0.503) and 606 net

efficiency (right graph) (y = 0.15&1-0.2438, f = 0.522)Note: A, delta (change),

TT, time-trial.

Training data:

There was a significant phase effect of training distaRce .039), and elevationP(
=.03) but not average time or spe@d>05) when comparing 6 weeks prior to the
study and 6 weeks during the intervention period. There were no signifioanp

differences or interactions? (> .05) Figure 10.8)
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Figure 10.8Top left - showing average training distance (km). Top right - sigow

average training time (min). Bottom left - showing average sfieathi™). Bottom
right — showing elevation. Note® = Mass increase;®- = Dietary intervention,
Phase* = Phase effedP € .05). Prior to study = six weeks prior to the

commencement of the study, Phase 1-2 = during the six week interventimah, per

Phase 2-3 = during six week follow-up period.
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Dietary data:
There were no significant phase, group or interaction effects éret@dO: 396.5

120.9 glay', FAT: 83.0 + 30.9 day’, PRO: 111.8 + 37.8dpy* (g and total

kilocalories 2681.6 kcalay®, intake across all three phases and between gdups (
> .05) Figure 10.9) The average macronutrient ratio throughout the study was

CHO: 67.1 %, FAT: 14.0 %, PRO: 18.9 %.
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Figure 10.9Top left - Showing average Carbohydrate (CHO) intakiayd). Top
right - Showing average Fat (FAT) intakedéy!). Bottom left— Showing average
Protein (PRO) intake ‘@py'). Bottom right— Showing average total energy intake
(kcatday!). Dietary data averaged across the three days prior to Pregrfélost
Follow-Up testing. Note== = Mass increase;® = Dietary intervention. No

significant differences were present.
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10.4.1 Post-hoc group analysis

By allocating participants based on body mass change rather thiaal ogigup
allocations, the results did not change direction but overall the chbegase
stronger. Physical characteristics did not significantly chdRge .05), but the
magnitudes of the changes in mas9D(1-0.3 kg) and body composition (0.1-0.2
kg) increased slightlyTable 10.9.

Table 10.9Changes in body composition pre and post intervention with grc
allocations determined by body mass change.

Mass reduction Mass increase
Body mass A (kg) 2.4 +£1.4% 22+1.3*
Fat mass A (kg) -1.1+1.4* 1.3+0.9*
Fat-free masa (kg -1.4 £ 0.8** 0.9+0.9

Note: * =P < .01, * =P < .001.

The secondary analysis had the most notable influence on gross éffiaietite 60
% intensity where a greater magnitude of improvement wasnpresth body
mass reduction from (P < .05 to < .0Talle 10.1Q. This was also visually
apparent when comparing efficiency at the 60 % intensity basedgoralor
grouping and post-hoc body mass chanfggute 10.10.

Table 10.100verall changes in cycling efficiency as a result of a medesm
body mass change using post-hoc group allocations.

Mass reduction Mass increase
Efficiency Intensit A Absolute A Relative A Absolute A Relative
150 0.17 0.81 -1.24 -6.04
GE (%)
60 % 0.66 3.13 -0.99 -4.26
150 0.35 1.42 -0.98 -4.11
NE (%)
60 % 0.53 2.22 -1.01 -4.11

Note: A, delta (change), GE, gross efficiency, NE, net efficiency.
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Figure 10.10The effect of body mass change on gross efficiency (%) with drigina
group allocations compared to post-hoc body mass change%ai\6@x. Note: =

= Mass increase;® = Mass reduction. Interaction* = Interaction effebt <{0.01).

Left graph is based on original intervention and control groups. Righh gs

based orgroup’s determined by post-hoc body mass change. Error bars represent
SEM.

10.5 Discussion

It was the aim of this study to determine the effect eix week moderate calorie
restriction intervention on efficiency and TT performance poweparticipants

accustomed to cycling.

Body mass reduction:

Gross and net efficiency were significantly improved at the 60nt4xiMensity GE
3.96% and NE 1.73%) following a 2.3 kg reduction in body mass (3.02 % body
mass). If comparing the body mass effect based on post-hoc groogtia@iis the
improvement was equivalent to 3.13 % of a gross efficiency unit and 2.22rét for

efficiency. The reduction in body mass was in-line with the lipgadictions from
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the results presented in Amadt al (2008). This is the first study to show that
improvements in efficiency can be achieved with ‘only’ calorie restriction with
participants accustomed to cycling riding at substantially hign@ver outputs
(~223 W) than have previously been investigated. This finding is in comocerrgith
the similar efficiency improvements (4 %) reported by Areatal, (2008), despite

a longer duration (16 weeks) and a much larger reduction in body mass)(8t3 kg
could therefore be theorised that the majority of the improvementsficiency
occur during moderate-length calorie restriction, with only a spralportion of the
improvement in efficiency attributed to the magnitude of madsiction. It is
important to note that a significant improvement was not found at 1BddA\yet
there was atendency for efficiency to improve; suggestingeffiéncy differences

at lower power outputs are conducive but more difficult to detect, rkelst Hue to
the higher variability seen @hapter 7. Cycling TT economy also increased by 1.90
% based on orignal group allocations or by %dased on post-hoc body mass
change groups, both values were however below the typical error (5. Chépiér

7). The higher economy change had the potential to equate toa 7 W incrpaseer
for the same energy expenditure. However, in a similar mamadeswpporting the
findings ofChapter 8, the participants were unable to utilise the energy saving and
produce a noticeably higher power output during the TT. Reductions in RWVER ha
been speculated to potentially contribute to reductions in efficiamzy economy,
however RMR did not change following the ~500 kiegi* deficit, suggesting that
this level of moderate calorie restriction is suitable fotippants that exercise
regularly, and more importantly is a sustainable method of nedsgtion due to
RMR stability. Previous studies that have reported substantmsherl RMR with

body mass reduction have been in the more severe calorie restitiaties $§Grande,
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Anderson and Keys, 1958; Dulloo and Jacquet, 1998; Hill, 2004), with moderate
deficits showing little change (Fosteral, 1990). RMR stability therefore suggests
that the improvement in gross efficiency at 60 %a\Vhtensity was predominantly

due to reductions in exercise energy expenditure, confirmed witHfinenely also
showing improvement. This phenomenon where RMR remains stable and the
majority of the improvements in energy expenditure are when éxg,cibave been
previously reported by Amait al (2007). Itis theorised that the improvement seen
in exercise and notMRR could be attributed to the reductions in fat mass reducing
the demand of blood to the periphery for cooling due to a reduction in subcutaneous
insulation. Although adipose tissue has a very low metabolic rebeirgiing for
between 3-5 % of RMR in non-obese participants, during exertisemuscles
produce 3-4 times more heat than mechanical energy (Dullo, 2010) aad so
reduction in the insulation of heat energy could have a large impaoh
performance. This is based on the notion that the rate of heat storagejnddtdmn

the rate of heat production minus heat dissipation (Webb, 1995), will be siathe

a thinner subcutaneous adipose layer and that exercising in coglepnments
represents a similar scenario to a reduction in environmentapetature,
demonstrated to have a higher gross efficiency than hot environnhéettsnga et

al., 2007). Additionally, a reduction in the metabolic cost of the 1.3 kg d¥olof
fat-free mass could also account for the energy saving duringsexaed why there
was little change at rest. This theory could also explain whgretices were not
found at 150 W due to the lower exercise intensity causing aesnmaktabolic
demand. Muscle tissue at rest only accounts for between 20-30 %tofaheM R

and so a small reduction in muscle mass at rest is unlikely toshavge influence

on 24 hour REE (Zurlo, Larson, Bogardus, and Ravussin, 1990). If the change in
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FFM mass were assumed to be a pure reduction in lean tissuestimsted to
account for an 16.9 kaahy' reduction in REE or 18.2 kady® with post-hoc
analysis (Hill, Cateracci and Wyatt, 2006). Based on the average iRk study
(2088 kcabayt) the reduction in lean mass at rest is estimated to cause 018y a
% reduction in RMR. However, the metabolic rate of lean mass duengsex can
increase by 50-100 times the energy cost at rest resultingniitiplication of the
change in lean mass energy expenditure, which would have a gredisrtial and
more probable effect while exercising (Bhagavan, 1992). A possedden for the
reduction in fat-free mass, if assumed to be primarily musales nis theorised to be
as aresult of alower production of the insulin-like growth factdGEF{1), reducing
the body’s ability to synthesise lean tissue (Benardot and Thompson, 1999). IGF-1
has been reported to decrease during short-term calorie ic@striBmith,
Underwood and Clemmons 1995) but has been reported to stabilise in long@term
year) moderate calorie deficit studies (Fontana, Weiss, edllaKlein
and Holloszy, 2008). The pattern of IGF-1 following a calorie @gin
intervention would therefore coincide with both short- and medium-terorieal
restriction, where similar changes in lean mass have been eaport
(Krotkiewski, Landin, Mellstrom and Tolli 2000). A reduction in lean snesuld
also suggest why improvements in TT power were not found as it mayhhd an
opposing effect on the small amount of energy that was saved dbhengT.
Currently there are no studies that have demonstrated an improvereéitien cy
and simultaneously measuring improvements in performance; theasefore
unknown that without the reduction in lean mass if participants arecabtdise the

savings in energy expenditure.
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Diet has also been a factor that has been shown to influence econonifyciamdtye
values. In this study dietary analysis supported the notion that tiep@aats were
not calorie restricted in the three days prior to testing and derakmaista very small
increase in carbohydrate intake and total kcal consumed (pre to gustipcfease
was likely attributed to natural overcompensation in dietary intake fioipevperiod

of calorie restriction, which has been previously reported in both animdahueman
studies when ‘alternate day fasting’ (Varady and Hellerstein, 2007). To determine if
the small changes could have influenced the efficiency improverdeanges in
CHO (g) were correlated with changes in efficiency, but égidg relationship
found (r =.0145P = 0.62). Interestingly the largest difference in macronutrient ratio
was reported between post and follow-up testing where no differamegcien cy
were found. Additionally substrate usage was not affected by cakesigaction as

no differences were reported in macronutrient usage based on REES \zid
protein oxdation via BUN readingsP (= .689). Previous research that has reported
changes in efficiency with dietary interventions have demonstthgdmuch larger
macronutrient changes (30 % versus 70 % total kcal from CHO) eessagly to
induce a ~ 0.5 % change (Cad¢ al, 2013). Consequently dietary changes were
ruled out as a confounding factor. A decrease in training volume witHigilmleg
increase in intensity was present between pre and post tiestimgmass reduction
group. Based on a study by Kriskoffersem al (2014) who recruited a similar
population type and conducted an intervention over the same duration, repatted t
efficiency remained stable with the prescription of high intgrisaining. Therefore,

it would seem unlikely that efficiency would be influenced by a msicialler
training alteration and if anything, would have had an opposing negatiuence

upon efficiency and is unlikely to account for the improvement.
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Body mass increase:

Fluctuations in control group body mass and body composition are commonly
reported with a specific tendency for gains in both body mass (1-1ledédat mass
(0.8-1.4 kg while FFM tends to increase (Spence, Galantino, Mossberg
and Zimmerman 1990Treuthet al, 1985; Dove, 2008). Hence the finding in this
study that mass and fat mass increased in the control group is motanoept and

is further supported with the gain in body mass during the control ph&eapter

8. Exploring the effect of mass increase was not an orignahsiate of this study,
however, the non-dietary intervention group increasing mass providedra
comprehensive perspective of the relationship between efficiend body mass
change. The non-intervention group that gained mass increased by aa afeted

kg or 2.2 kg with post-hoc analysis which was in proportion to the decrieathe
mass reduction group, providing a comparable change in mass. Theeinoreagss
caused a geater detrimental effect on gross efficiencyeduging it by -7.03%6 at

150 W, -3.39 % at the 68 Wmaxintensity. The results were comparable with post-
hoc group allocations with a reduction in efficiency of -6.04 % at 156hw/-4.26

% at the 60 % intensity. Net efficiency reduced by 4.35 % in the masasecgroup

at 60% Wmaxand again was similar with post-hoc group allocations at 4.11 %. Body
mass changes have been likewise explored by Goldsirath(2009) who increas ed
and decreased body mass both by 10 % of initiall mass, but despitanibe s
magnitude of change, efficiency decreased by a higher percemtatee mass
increase group (25 %) than it increased with the mass reduction @5¥). The
research by Goldsmitét al (2009) was conducted at very low power outputs (10-
50 W), and would usually be a criticism, however in combination with thenfysdi

in this study it suggests that body mass has a greater potenédlite refficiency
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than it does to improve, irrespective of the power output in whittieety is
measured.

RMR did not significantly change in the mass increase group amdeshavere
within the 95 % confidence intervals presentedTable 10.5 RMR has been
reported to change by 1@&}with much greater mass increase (7.6 kg) and over a
similar time period (Diaz, Prentice, Goldberg, Murgatroyd anod/&d, 1992), but
10 js* would still be considered within the typical error of RMR rmeament (11
%) presented ihapter 7. This further suggests that the RMR remains quite stable
during medium-term mass increase and that the detrimental teffefficiency was
due to exercising energgypenditure increasing and not RMR. There was no
difference in the pre-testing dietary data to provide an indicathat the increase
was due to increased energy intake, however, this only provided a ddwyee
measurement and therefore an increased energy intake during theekixperiod
could not be dismissed. Another possibility for the mass increaseheasdtiction

in energy expended through training, demonstrated with a phase iefféotal
distance, time and elevation. This reduction in training from pre- teiptestention
occurred in both groups making the conditions paralleled and therefprab b
uninfluential to efficiency measurement if considering the aotem effect. The
reduction in training distance is estimated to account for ancetase of 92.67
kcatday!, based on the reduction in training distance by 28.16véek' and an
average energy expenditure of 9.56 kual' when participants were exercising at
150 W in the laboratory. The 150 W intensity provided the closest estimatd dras
an average training speed of 24.9WMmequating to 129 W if the training was

conducted on the SRM ergometer. Despite the equation being an iestiniat
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provided an indication that a reduction in energy expenditure througmdravas

unlikely to be responsible for the increases in body mass.

Unlike the mass reduction group where power remained relativalylesthe mass
increase group produced 5.2 % less power during the laboratory TT follovess)
gain, which equated to a 37 second slower simulated TT. Nonetheleg$ tihee
calculation only takes into account the power reduction and does not conside
changes in biomechanical factors such as; increased frontal sandacend greater
inertia affecting both acceleration/deceleration and inclindingycdue to the
multiplication of acceleration due to gravity that would further hin@i& time
(McGinnis, 2005; Jobsoret al, 2007). These biomechanical principles would
suggest that an increase in body mass has the potential to hauehalarger
detrimental effect on field performance than laboratory. Even spdhiermance
TT’s conducted in the field environment pre and post intervention contradicted this
notion, with only a 2 W detriment to performance with a negigldlé4 %
improvement in time, likely linked to the variable temperature rmoderate but
consistent wind speeds. Assessing the potential influence of sulahafimien cy

on changes in TT power, the changes in efficiency at 15¢ W({qr0554) and 60 %
Wmax (* = 0.0105) did not help explain the reduction in performance TT power in
the mass increase group. Body composition analysis indicated signditant
increase INFFM (0.7 kg) following mass gain, which based on the significant
positive association with lean leg mass and peak performancer flow 0.614),
would have been predicted to result in a marginal increase in povaerthe least
maintenance (Winter, Brookes and Hamley 1991). Therefore it wouldarajpipes

the increase ifFFM seen in this study may not have been attributed specifically to

lean mass and that the other componenE~M such as; fluid conter{Fairburn and
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Cooper, 201%tand carbohydrate storagireitzman, Coxon and Szaz, 1992) could
have accounted for the increade-M was not significantly altered while fat mass
increased by 1.2 kgt lis theorised that in the same way that a reduction in
subcutaneous fat mass could improve efficiency, that an increadd @duce
efficency by increasing the demand on the periphery to dissipaess heat and
thereby reduce the rate and effectiveness of oxygen delivery totkimgvmuscles.
Despite limited within group differences that are integmetwith caution, the
reduction in body mass and increase in body mass between groups providgd a bod
mass difference of 4.Rg, a 2.2 kg difference in fat mass and lg2fat-free mass
change. This indicated significant interactions between TT powegcdénomy,
gross efficiency at 150W, 60%mk and net efficiency at 60 %. This suggests that
it is possible to manipulate TT power, economy and cyclingieeffig with both
mass increase and decrease and that they diverge in opposatigrdire The
presence of the interactions strengthens the level of intérpmend speculation
regarding the positive influence of body mass reduction and negatfivence of

body mass gain on performance, efficiency and economy.

Follow-up:

The follow-up phase failed to show any significant differencessutomaximal
efficiency, with a tendency for gross and net efficiency tameto similar baseline
values following the six week follow-up which saw mass maintenairc both
groups. Utilising the research by Goldsmigh al (2009) who found both a
significant improvement (15 %) and decrease (25 %) in efficiefotipwing two
weeks of weight stability after either a 10 % reduction or &li@crease in body

mass respectively; it could be inferred that the change ireeffici following mass
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alteration is attenuated between 2-6 weeks after initial chaiidee small
improvement in TT economy in the mass reduction group also appteared
attenuated with body mass maintenance but in the mass increasetagdeg to
reduce further with maintenance (although not significantly). None hef
submaximal economy or efficiency measurements provided a very agsogation
between performance TT economy, however, in the interest of beingpainedict
changes in TT economy from submaximal intervals of economy anereffici the
highest intensity provided the best indicator of changes in energy exyendiiring
TT performance. It is therefore suggested that the greatereléiee power output
the more valid an efficiency measurement, assuming that assaifi anaerobic

respiration and steady-state are adhered.

10.6 Conclusion

Efficiency only slightly increased, with performance remaniconsistent during
moderate calorie restriction. This was despite inducing aisamif level of body
mass and fat mass reduction. Conversely, an increase in massréadrarmgegative
effect on both efficiency and performance measures in theipartis that gained
mass. These findings also suggest that the changes in the eatrgyf production
and power output may only be a temporary change that returns it@oxglues
within six weeks of maintaining either the increased or dedeasnass.
Consequently the changes in energy expenditure are unlikely to lubrest aesult
of mass change, and are more likely linked with the hormonal anabahet

processes during dietary induced positive and negative energyebalanc
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CHAPTER 11: GENERAL DISCUSSION

This chapter will review the thesis aims and further explore tharéathat influence
efficency and performance, by conducting retrospective analgkighe key
variables across experimental chapters. Overall implicatiomgations and future

research directions will also be discussed along with a finak tbesclusion.

11.1 Review of thesis aims

11.1.1 Body mass change and efficiency

The primary aim of this thesis was to assess the effetiody mass change on
steady-state cycling efficiency and TT performance (16.1 km).rdhuts indicated
that a -2.4 kg reduction in body mass positively influenced grossemffjci by 3.13

%, or 0.66 % of a gross efficiency unit (based on post-hoc body mass change g
allocations) Chapter 10). This improvement represented half of the overall
improvement in efficiency reported following six weeks of higbemsity training
(Hopker, Coleman, Passfield and Wiles 2010; 6.5 % relative improvementyaand
similar to the 3.57 % change seen across a competitive cyeasprs (January to
September) (Hopker, Coleman and Passfield, 2009). Therefore, six wwéeks
moderate calorie restriction not only has the ability to improves gefficiency in a
trained population, but to a comparable degree as the improvementsoseards
the end of a competitive racing season. Furthermore, the improvemealsavakin

to the changes reported by Ametial (2008), despite a far greater mass change (8.2
kg and duration (16 weeks), which resulted in ~ 4 % improvement irs gros
efficiency. While larger proportional improvements in net ieficy (~ 10 %) have

been reported with 10 % body mass changes similar to those preseAredtiret
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al. (2008), these studies tended to be conducted with untrained particgnahts
measured at very low power outputs (10 & 50 W) (Rosenbatnal, 2003
Goldsmith et al, 2010). It is therefore suggested that the majority of the
improvements observed with trained participants following neahsction are likely
achieved between 2-6 weeks of energy imbalance. This conceptets basthe
consideration that efficiency was stable in the short-term stiopfer 8), and the
changes observed in the medium-term studgapter 10) being comparable to
previous studies with substantially greater mass reduction.nBeclin exercise
rather than resting energy expenditure, were considered primegpynsible for the
overall improvement, demonstrated by net efficiency showing dasitrend to
improve (2.22 %), coupled with stability in RMR (-0.8ef") (post-hoc group
allocations). Stability in RMR has previously been reported by Festd (1990),
utilising a moderate calorie restriction, but numerous other stirdigementing
high calorie deficits have largely opposed this finding concluding cttenges in
energy expenditure were almost exclusively from RMR (AptetihaBostsarron and
Lacatis, 1971; Poole and Henson, 1988; Hill, 2004). However, this reseamch is i
support of the findings of Amagit al (2008), who reported a preference for changes
to occur in exercising energy expenditure rather than RMR. @adifferences in
the severity of energy expenditure, it is theorised that satellations in cellular
efficiency, be that in peripheral or central systems, asere to detect during
exercise due to the multiplication of energy expenditure alorif amy potential
energy saving or increment (Bhagavan, 1992). Still, it is difficotfully address to
which degree each component of TDEE alters, due to the complex tmd of
expensive measurement equipment required, combined with strictipaart

protocols. The adaptations in energy expenditure are also likelyeta rather
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individualistic process, influenced by genetic factors (M acksasl, 2011), specific
macronutrient ratios (Cole, Coleman, Hopker and Wiles, 2014), tragtaigs and
type (Hopker, Coleman and Wiles, 2007) and body composition (Kriketos, Sharp,
Seagle and Hill, 2000), which further hinders the determination of timneot

changes in TDEE with energy imbalance.

Investigating the effect of a positive energy balance oneeftlg was not a main
aim of this thesis, but a mass gain of 2.2 kg (post-hoc groupings) apprehat a
stronger negative effect on gross efficiency (-4.26 %), when cgechpto an
equivalent mass reduction. This finding that mass gain resulted greaher
detrimental effect on efficiency relative to mass reductios Ibeen previously
reported (Goldsmitket al, 2010). Unfortunately, despite Goldsmih al (2010)
measuring gycolytic and oxidative enzyme markers they wereaib@alekplain the
seemingly negative bias for a reduction in efficiency due to gaass Alike to the
mass reduction condition, the reductions in efficiency were predonyirettiibuted

to changes in exercise energy expenditure rather than RMR.oBWirting
individual change values from the short-tei@hdpter 8) and medium-term study
(Chapter 10), correlation analysis demonstrated a significant low to moderate
negative relationship between changes in efficiency and changeslymmass (r = -
0.423,P = .011) Figure 11.1). This analysis was repeated with body fat change,
which hada similar but slightly weaker relationship £-0.41,P = .014) Figure

11.2 and with fat-free mass change, which had a negdigble negatisgonship (r
=-.24,P = 0.163). Remarkably, changes in absolute body mass explained a similar
level of variation as estimated fat mass change, despitemplissic two
compartmental body composition model making several assumptions thahbave

potential to increase error. Conversely, estimated fat-fres chasge provided little
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explanation of the changes in efficiency, likely attributablefatefree mass not
simply representing lean mass, but numerous other variable compohdmtgy

tissue. This retrospective analysis fortifies the conceptefficency has a negative
relationship with body mass and composition change, and that effiaiamcpe both

positively and negatively influenced by body mass and composition pemaati

A Gross efficiency (%)

A Body mass (kg)

Figure 11.1The relationship between body mass change and the changes in gross
efficiency at 60 % \Wax, (Number = 35),7= 0.1792, y= -0.5670x + -0.2112.
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Figure 11.2The relationship between fat mass change and changes in gross
efficiency at 60 % Wax, (Number = 35),7= 0.1679, y= -0.8039x + -0.6310.
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Figure 11.3The relationship between FFM change and changes in gross efficien
at 60 % Whax, (Number = 35),7= 0.05799, y= -0.5399x + -0.5290.

Currently the mechanisms for the changes in efficiency can mlspeculated at
this stage, and as cellular alterations are beyond the scope et#aixh, however
both pulmonary and cardiovascular areas can be explored. Based ah initi
examinations; blood parametefdO2 and RER were largely unable to identify or
explain the mechanistic improvement in steady-state efficienvith an interaction

of VO2 only present during performance economy measures. Although it is
acknowledged that specific assumptions surrounding cycling economy during
performance TT may be violated, the change in economy was stmigoss and

net efficiency variables measured during steady-state cytlinfprtunately further
analysis was unable to determine if the reductioW@2 was as a result of changes
in Oz extraction or ventilation. This could be attributable to a heightenesitigity

of the measures to noise at a lower tier of oxygen uptake nreasiyeand/or, the
reduction inVO2 was sufficiently distributed between reductions ire@ration and
ventilation. Nonetheless, it is conceivable that &uld be influenced more

mechanistically, as there is evidence to suggest that a mductbody mass, but
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particularly visceral and torso subcutaneous fat, can reduce intraiebbgmessure
which intern reduces air-way resistance (Peksal, 1997; Aaronet al, 2004).
Traditionally air-way resistance has been assessed in regandximal values, but

it is possible that it could result in a lesser contractionhefventilation muscles
during sub-maximal intensities, resulting in less energy bemenebed. By utilising
research from Vella, Marks and Robergs (2006) who reported an avexagen
cost of 2.44 (ml.L) to ventilate between 35-50 % maximum ventilation, it silges
to calculate the change in ventilation cost. Assuming a consisteRt vialue and
using the changes inevVat the 150 W workload to minimise discrepancies with
exercise intensity; reducede Vh the mass reduction group attributed only 0.03 % of
the 0.17 % increase in efficiency, with an increase gnirVthe mass gain group
accounting for a similar but opposing -0.04 % of the -1.24 % overall reduicti
gross efficiency. Consequently the changes in ventilation arg likeéhave only a
very small role/if any on the alterations in efficiency, asgmespenditure changes
in the same direction, but the cost of ventilation is unable to account for tr#ynaj

of the changes observed.

Cardiovascular adaptations provide an indication of more central nstchatetails

and have the potential to partially explain the changes inisrgrc energy
expenditure. Heart rate changes have yet to be fully explordaisithesis, and so
further analysis indicated that heart rate and gross effici@cl50 W had a non-
significant negative relationship of low strength when combining datass
experimental studiesN(= 43, r = -0.30,P = .054), this relationship was only
margnally improved when using data solely from the medium-tetrdygN = 28, r
=-0.342,P = .075). Consequently reductions in heart rate have the potential to only

partially explain a proportion of the changes in efficiencypd avould not be
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recommended as a reliable marker for efficiency change, ag#&teaonly accounted

for 19 % of the variation.

A specific theoretical reason for utilising body mass to infleeefficiency was
based on the thermoregulatory response of exercise; founded byeting that

peripheral veins dilate to increase heat dissipation frompigerenis, which may

result in lower blood availability and reduced oxygen delivery (Bertatal 2013;
Hettingaet al 2007). By altering the thickness of the subcutaneous adipose tissue, it
was theorised to change the insulating capabilities and changeaghiéute of the
vasodilation mechanism during the same exercise intensity and ensirtam
conditions. Therefore a reduction in subcutaneous fat could improve
thermoregulation and improve efficiency, with an increase in badyikily to
reduce the effectiveness of heat dissipation and result in a higergly ecost during
exercise. Considering that 75-88 % of the chemical energy obtéioed ATP
hydrolysis has the potential to be transferred as heat energgd (loa efficiency
values in this thesis)it is possible that a small improvement in heat dissipation
effectiveness could improve oxygen delivery, and therefore wholenierga
efficency. Although thermoregulatory responses were not measiwedg this
study, if they made a substantial contribution to efficiency chahgeuld be argued
that a marker for this mechanism would likely be changes in skinfolkindsis. To
explore this theory, further analysis was conducted assessingeléhienship
between the changes in the sum of six skinfold sites to changesssnedficiency.
Explicitly, data points from the medium-term study were used duretiottited time

for subcutaneous fat to be reduced within the short-term study. Utilisingfeuj60

% Wmax intensity, the analysis demonstrated a non-significant low aS®oTi

between changes in skinfold and gross efficienty=(22, r = -0.36P = 0.114).
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Although the relationship was in the correct direction with the abloseny, there
was only a small potential influence of the mechanistic p&essnen non-obese
participants, and that the absolute mass change was likely tdordkere to be a

substantial thermoregulatory influence.

Fat free mass perturbations during body mass reduction areoomreported with
a negative energy balance, with the majority of studggmorting a loss in fat-free
mass, unless specific resistance training is prescrigdark( 2015). Conversely
increases in body mass often result in an increasat-fieE mass, with a steeper
increase during the inttial stages of mass gain aptbportional shrinking of fat-
free mass gain with greater body mass increments (@fiaget al, 2001). By
combining both short and medium-term studies; body mass reductioned a
reduction in fat mass relative to fat-free mass atia of 1.4:1 (kg) respectively, in
addition mass gain altered body composttion at a ratio of 1.2:1(féktginassfat-
free mass). Although the ratio of fat-free mass changgquite high relative to
previous longer-term studies (Rosenbaetral, 2003; Goldsmithet al, 2010), it is
important to note that short- and medium-term studies hatendency to after
numerous components of fat-free mass such as; hydrationgelycstorage and food
stuffs within the gastrointestinal tract (Corviaiet al, 1995 Heymsfield et al,
2012). Furthermore, reductions in visceral fat have beeadntd outweigh
subcutaneous fat reductions during the inttial stages ehargy imbalance (Chaston
and Dixon, 2008; Bakkeet al, 2015). As body fat estimations with skinfold
measurement are reasonably unaffected by the aboveiowatriaFFM as the
opposing compartment tends to be particularly affected ashal changes are
assumed to be as aresult of fat-free mass. Supposing tlegitogtipn of the changes

in fat-free mass were as a result of lean mass ehahge to lean tissue being 3.25

204


http://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=25973403
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mingrone%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11555829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corvilain%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7485502
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heymsfield%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22257646
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heymsfield%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22257646
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chaston%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=18180786
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dixon%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=18180786

times more metabolically active than subcutaneous t@dille Cateracci and Wyatt,
2006). Therefore reductions or increases in lean mashemetically more likely
to result in changes in absolute energy expenditure. Howireetwo compartmental
body composition measure, make it difficult to determine theigereresultant
decrease or increase in lean tissue. Overall grossemlfiy seemed to be more
sensitive to increases in body mass, with concurrenaessaall exercise intensities.
This would suggest that there is a type of negative \idin physiology whereby

it would appear easier to reduce eficiency than it isnyave.

Interestingly the follow-up phase demonstrated that the process gyf éméralance
rather than the absolute mass change, was most likely responsitile ébanges in
efficiency, as during the follow-up phase where body mass remnatable and
participants were assumed to be in a neutral energy balancenejf appeared to
return to pre-testing values. Therefore the follow-up resultsesugghat the
mechanism for efficiency change is more likely linked with agudiggcal process
that is present only during energy imbalance, rather than a nmghan
advantage/disadvantage due to changes in total mass, fat-massmdea or
thermoregulation. This mechanism has been specifically noted méttye intake
deficit (Rosenbaurret al, 2003), with body mass reductions as a result of exercise
failing to reduce energy expenditure (Fontana and Klein, 2007). Incagdddnce
energy balance is achieved, the majority of the benefits are nattpla@g®ving six
weeks of mass maintenance. This implies that efficiency omdy be temporarily
affected following the cessation of an energy restriction/isergaeriod, and could
call into question the longevity of the improvements reported in qusuiraining
studies (Hintzy, Mourot, Perrey and Tordi, 2005; Hopker, Coleman, Rasafid

Wiles 2010). This also suggests that a reasonably reactive emelglance
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mechanism is responsible for the efficiency change. Restetgbolic rate showed
the largest (albeit very slight) changes, during the follow-ugl when the
participants had been mass stable. This could either suggestsibl@ delay in the
reaction of RMR as a compensatory homeostatic mechanism, ahéhahergy
imbalance and total mass change was insufficient to induce a dmaRR as a
homeostatic mechanism. If employing the set-point theory the siztslity
observed following six weeks of free-living conditions would suggest eitiagr the
mass reduction was not severe enough or of an adequate duration to induce a body
mass return, or that body mass return takes longer than initialchsasge. With the
studies in combination, these findings suggest the presence of a ratimemsitrol
process during exercise, but that it is delayed, based on stabiibye short-term
study and reductions in exercising energy expenditure detectitdxlesia weeks.
Therefore it seems logcal to consider that the change in ereqgenditure
following 2-6 weeks of mass change, is predominantly process teentather than
linked to physical changes of body mass (based on the follow-up phakgsta
during the early stages of mass perturbation. It is not inconceitlabti@reater mass
changes would likely have alarger effect on the biomechanical amdotiegulatory
factors influencing efficiency and energy expenditure; dsoalh dependent on

starting body fat %, have a greater potential for change.

11.1.2 Performance and efficiency

The notion that efficiency has been described as a key determinpetfaimance
(Horowitz et al 1994 Olds et al, 1995; Luciaet al, 2002), provided the early

justification for assessing efficiency in combination with perfance, and making

the link with performance an important secondary aim for thigsthéiilising
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unique participants across studiésgure 11.4 demonstrates that initial gross
efficiency has a positive, low strength association with TTopeance power (r =
0.135,P = .364). This indicated that gross efficiency explains less t®anoPthe
variation in performance power and is unable to differentiate betywagicipants
performance. To provide a comparison, absolutesMFigure 11.5 and VOzmax
(Figure 11.6 were also assessed in the same manor, as they are considessck t
a robust predictive ability regarding performance power. Botlax{¥ = 0.907 P <
.001 ) and VO 2max(r = 0.642P < .001) variables presented significant, much stronger
and positive correlations with TT power. Therefore it is disputedeffigiency may
not be a key performance determinant in an absolute sense and thdye merit

to downgrade the efficiency performance relationship. While tlgar that gross
efficiency if compared t&/Oz2maxand Whax is not analogous in regard to being able
to predict or differentiate between participants startinppeance, itis argued that
if all other variables stayed the same that an improvemenfigierefy would likely

result in an improvement in performance.
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Figure 11.4The relationship between time-trial power and gross effigieatcl50
W by combining data from Study Zljapter 8) and Study 4Ghapter 10).
(N = 47), f = 0.01834, y= 0.007005x + 18.99
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Figure 11.6Therdationship between TT power and absolute VO2max by
combining data from Study Zhapter 8) and Study 4Chapter 10). (Number=
47), # = 0.4124, y=10.13x + 1047.

The results from the medium-term studhépter 10) suggest that an efficiency
improvement or reduction does indeed result in a similar mirrorfedt ebn TT

performance power, with a greater reduction in efficiency in the masease group
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having a greater negative influence (mass reduction: 1.9 W incidass increase:
-15.1 W reduction). The results from the short-term st@hagpter 8) also support

the concept that efficiency is linked with performance as béitieecy and
performance power remained seemingy unaffected by short-twnecrestriction
(relative change in GE at 60 %At .04 % & TT performance powerl W). This

is a novel finding as performance improvements are rarely enfigirieated and are
often assumed based on performance models (Joyner and Coyle, 2008) adporedict
based on purely efficiency improvements. When predicting penfmen@ahanges
with efficiency fluctuations it is often assumed that the sauingfficiency is able

to equate to a direct and equivalent change in power output. However2Cta® (
showed this not to be the case, with efficiency improvements ocdyiraiing for

~33 % of the total 5 % (88 s improvement over a 16.1 km laboratory TT)
performance improvement following a combined pre, during and postydieta
intervention. These differences are highlighted Tiable 11.1 where actual
performance changes are compared to predicted. Gross effigbogved no change

in the short-term study and so performance was similarly prdicteemain stable.
Due to changes in the medium-term study, the analysis suggestetbttbaly can

the direction of performance change be correctly predicted, but aldarge sextent

the magnitude, with the mass increase group prediction differing y8oM and 7

W in the mass increase group. These prediction differencewitina the natural

variation of performance power outlined@mapter 7 (CV: 2.28-3.89 %).
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Table 11.1Predicted verses actual changes in laboratory performance based on
gross efficiency changes measured during the 60n%4.W

A Gross A Predicted A Laboratory

Intervention efficiency performance performance
(% GE unit) (W-min-1) (W-min-1)
Short-term
Calorie +0.01 +0.13 1
restriction
(N=17)
Medium-term
Mass reduction +0.66 +8.62 +1.9
(N =14)
Mass increase
-0.93 -12.14 -15.1

(N = 15)

Note Performance change based on an average TT power of 280 W and an average
gross efficiency of 21.45 %4, delta (change), N, number, GE, gross efficiency.

While it is acknowledged that performance changed only masgnaith mass
reduction, the results nonetheless suggest that mass reduction tlam lehst
maintain absolute power. This is despite mass reduction often bemgatesd with

a negative influence on absolute power, due to a proportion of the rethasesl
consisting of fat-free mass, which often predisposes reductiohgdiration status,
CHO storage (Heymsfielét al, 2012) and lean mass (Stetal., 1991); all factors
that can reduce performance (Heigenhauser, Sutton and Jones, 1983).ri@anside
that energy intake manipulation does not have a direct mechaniatiovgy to
improve performance power, the results suggest that efficienay have been the
crucial reason for the significant interaction. This notion isngthened by the

understanding that there were no significant differences in beik A VO2max
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variables in either groupsP (> .05). It is however noteworthy that real world
performance is determined by a multifaceted interaction of a nmuofibariables
and that it is too simplistic to consider that improvements inesfiogi will alway s
result in an improved performance. Conversely it must also be acahged that
reductions in mass while maintaining absolute power will inevitabsult in an
improvement in power to weight ratio, which both the simulated labgra&T and

flat field TT will not reflect. Had a separate measure of tiongimb an incline been
measured, it would seem likely that the performance differenmasld have been
more pronounced. Subsequently both the changes in laboratory performance and
predicted performance do not take into account the additional potemtiadass
change to influence field performance as a result biomechanicabless These
include the potential for small physical changes in; leg raadsinertia, total rider
mass, and rider position inducing changes in both frontal surfaceaadearag
coefficient (particularly if aerodynamic body position is iestd by excess fat
mass) (Kyle, 2003; Hopkert al, 2010). Thus changes in biomechanical variables
can be both positively and negatively influenced by body mass change, and
theoretically would cause an additive effect in the same dineai performance
change observed in this research. Consequently the results suggeshasisa
reduction can at the least maintain absolute power, providing sup pibr fourrent
elite practice to reduce mass prior to a cycling race (C@p@es; Moore, 2015). In
summary the above performance findings suggest that mass rediertaed to
either maintain or slightly improve TT power, whereas mass s&rbad a tendency

to reduce performance power.
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11.1.3VOunmax and efficiency

Previous studies have reported that gross efficiency has an inverse relationship with
VOzmaxin world class professional road cyclisté £ 11, r = -0.63P = 0.04) (Lucia

et al, 2002) As VOzmax and efficency calculations are inherently dependent on
abso lute VO2 values, a common criticism is that an inverse relationship could be
partly due to gas analysis calibration error, with tests cordiumtethe same day,
utilising the periodic calibration of equipment. However, by condud@sting on
separate days it is likely to alleviate some of these Sssalbeit increasing the
potential for inter-day variation. Therefore atertiary aim of tihesis was to explore

if a similar relationship exsted in trained club level ateliby measuring the two
variables on different days. To assess the relationship, datpaeésd from all
studies, which indicated a significant moderate to high inversBondhip (r = -
0.671,P <.001). This finding was very similar to the relationship reporteduayal

et al (2002) and indeed suggests that the same relationship is preser level
cyclists. Cosiderin g that efficiency and VOzmax values are intrinsically linked with
absolute VOz, it is proposed that cyclists with a higher absolute VO2max utilise a
similarly higher VO2 at a relative exercise intensity, which results in a lower
efficiency. Thusto improve effidency, a lower VO2 for the same sub-maximal
intensity would be required. Conversely the relationship may also explain why
cydists often appear similar despite differences in absolute VO2max values,
suggesting that a cyclist with a lowéb2maxmay be able to compensate by having
a higher efficiency. Currently the most plausible reason fomtlezse relationship

is still speculated to be linked to either genetic factors anddecdlaminance of type
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I muscle fibres in the participants with the highest effije values (Horowitz,
Sidosis and Coyle, 1994; Lucet al, 2002).

11.1.4 Lung volume and function

Lung capacity (VC) and function (FE\& FEV1 %) were speculated earlier in this
thesis to provide a potential physiological marker to explairolates efficiency .
However, following further analysis by combining data across stytlies 45),
neither of the lung parameters had a significant relationship grass efficiency at
150W (r < 0.2, P < .05). Consequently despite a reasonably substantial cohort of
participants, lung capacity and functioning appeared to explain li#e of the

variation in gross efficiency at a fixed absolute work load.

11.2 Implications of the findings

11.2.1 Performance

Changes in efficiency have been demonstrated in this thesis to h#ications for

both laboratory and field performance pow@hdpter 10). On average the
reduction in mass in the medium-term study resulted in a 5.4 seconderquick
laboratory TT, with an increase in mass resulting in a 37.4 second &taeatory

TT. Utilising changes in field performance power, TT performawas calculated

to be 74.5 seconds quicker with mass reduction and 9.3 seconds slower with mass
gain. Raw power was used for the calculation of time to furtheinmse the
potential confounding influence of environmental conditions to control fos triat

being conducted on the same day @&ppendix 10for power to time conversions).

Had all trials been completed on the same day, time would have beealesquio

absolute power with all factors being equal. It is important tee nbat field
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performance based on recorded time improved equally in both groups ¢y @6tke
environmental conditions attributed for the discrepancy. It would be atetighat

if all trials were conducted at the same time/within a speriod of times (in line
with TT races) the changes in power would have reflected difessebetween the
groups, for time changes postintervention. The above calculations baseadplea s
power to time relationship, do not take into account the biomechanical changes a
result of body mass change, which are likely to have an additive. efiegprovide

context for the changes in calculated performance, the top fué#ésrérom the last

three 16.1 km National TT Championships were obtained and presentedblén
11.2 On average only 7 seconds separated the top five TT placésjustitl3
seconds differentiating betweerY, 2"4and 3% place. Assuming a bell shaped curve,
the time separating TT placing is likely to be even closer towhsdaverage cyclist
time, resulting in a greater potential to influence placing &médar time difference.
For this reason, a small overall increase or decrease in pertermpawer over the
duration of a TT can have very real positioning consequences despit@gly

small changes in absolute power.
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Table 11.2The mean top five placed 16.1 km National TT Championship results
from 2013-2015.

Difference with previous

Intervention Time (min:sec)
(sec)
1% place 18:52
5
2" place 18:57
8
39place 19:05
10
4" place 19:15
6
5" place 19:22
N/A

Note Data obtained from: Cycling Weekly (2013), Snowdon Sports (2014) and
Jones and Wynn (2015), (Event$= 3).

Equally, if improvements in efficiency were either not able dodlate to an increase
in absolute power, or that an increase in power was not considereficiddenier
instance during consecutive road race cycling with energy coneervéiing
considered a key tactic (Baker, 2013). Using efficiency changeal#toigpossible to
calculate the potential energy saving cost/additional cost ohgydis this research
did notfind any considerable changes in RMR, energy expenditure calceilatiens
determined solely on changes in gross cycling efficiency. Basesh overall 0.66
% improvement in efficiency achieved in the mass reduction gédpkcahr?®
would be conserved while cycling at 80 Wmax. Conversely by gaining mass the

reduction in efficiency would equate to a 10.4 kedl greater energy expenditure.
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Although these values are reasonably minor, amateur and profesejasists
frequently undertake several hours of cycling per week, often conduuatitigple
consecutive days of training and racing, which would result in an acatiomulof
these values. Itis also noteworthy that these changes were @chigla@nly a small
*+ 3 % change in body mass, enabling the potential for either grealks amange or
a combination of intervention strateges to further alter efiigie Additionally,
reductions in absolute energy expenditure following a fixed work loadsitgenay
allow a cyclist to maintain a higher power while remaining-gubshold. As both
lactate and onset of blood lactate accumulation thresholds are cahsinlgruence
performance (Ghosh, 2004), maintaining a higher power while remaisug
threshold could have added implications for both physiological exedssgands

and performance.

11.2.2 Short-term calorie restriction

Two weeks of moderate calorie restriction did not demonstrateit timluenced
efficiency or performance, and suggested that homeostatic cattapltations
following moderate calorie restriction are either not present camrently
undetectable. Therefore it could be inferred that efficiencg fisasonably robust
measure and that it may not be completely necessary to ensuceaoris diet is
consumed in the days leading up to laboratory testing, if the dsfioitly mild (<

500 kcaday!) and conducted for a short period (< 2 weeks). Hence the results

provide some support for the practice of weight-cycling during a etitive season.

11.2.3 Field and laboratory comparison
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This thesis also sort to explore the logstics of measurnogs gefficiency in an
outdoor field environment Ghapter 9). The findings indicated that there was a
higher power variation in the field condition but that the vast majority riCjpants
were able to maintain the desired steady-state powers idensy assessment.
When comparing between a stationary cycle ergometer in a cedtssivironment
and a power measurement device on a road bicycle, the resultsedptéat it was
essential to control for differences in power output and cadendé, temperature
and humidity variables also having an influence on efficiency. S @dgif this
research validated the use of a wind efftthreshold of <3 ms? to reduce testing
variability that was previously proposed by Bertuetial (2012). Accordingly it
was demonstrated that it is possible to measure efficiency freldhewith the most
consistent field measure of gross efficiency being recordetheat60 % Whax
intensity, matching laboratory measurement. While the analysi®rdtrated an
ability to account for confounding variables, the study indicated the ianmertof

strict environmental criteria.

11.3 Limitations

Both the severity of the hypocaloric intervention and the magnitude of rnagy
reduction were limited in regard to the desire of this reseavdectuit club level
cyclists that train frequently. Recruiting club level cyslisipposed to sedentary
participants was projected to limit the possibility of a tragneffect and overcome a
large criticism of previous weight loss research (Ameatal, 2008; Rosenbaumat

al., 2003). However to ensure sufficient and safe mass reduction, thée calor

restriction was set at a moderate -500 kcal.day-1 for health;beiety and to
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minimise lean mass reduction. Cyclists recruited for the intBore group had to
have a minimum of 18 % body fat to satisfy ethical approval, whichtlseaupper

end of what is considered a typical body fat % for a cyclist§®6) (Knechtle,
Knechtle and Rosemann, 2009). Despite the recruitment criteriay chits were
classified according to Méx as club level (Ansley and Cangey, 2009). As a result
of intervention constraints, the implications for this thesissaraewhat limited to
changes in body mass of 2.4 + 1.4 kg, with mass changes greater than thiy current

only speculated to induce additional effects on efficiency and perioema

Few studies have assessed the effect of cycling effici@mncyneasured changes in
performance (Jobsoet al, 2012), and although this investigation did measure pre-
and post-performance, it only utilised a 16.1 km TT that is consideregsanably
short cycling distance. This distance was used for several reasonisjniise closed
road circuit resources, ensuring portable equipment battery itimis Wwere not
exceeded and toensure participant testing time was manageaisidering multiple
variables and test visits. In addition 16.1 km time-trials are condigereormal and
popular race distance (Jones and Wynn, 2015). Theoretically itsibléedhat a
longer TT distance could have induced a performance detriment in dbge m
reduction group. This concept is based on therelationship between eestrggtion
and lower muscle gycogen stores, which are unlikely to be stres$bé point of
limiting performance during ~26 minutes of cycling (lvy, 1991). A longd
distance may also result in more consistent power output over thse cotithe
performance trial, which could add greater accuracy when detedtmgges. Thus

a longer TT may induce a better ‘steady-stafe performance measure and in
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combination with an overall decrease in RER values, would also mcrdes

legtimacy of calculating gross efficiency during such pentorce.

Regarding research design, the non-dietary intervention group methem-term
study increased mass to an almost identical but opposing degréiee asass
reduction group. Although this improved the understanding of the influence of
energy imbalance on efficiency resulting in significant icteas, the lack of a
control group was an initial criticism of a key study by Ametial (2008). Based

on data from both the short- and medium-term studies, the reseatok fist to
evidence that club level cyclists may find it difficult to mainta set body mass
when requested, and that by providing only basic mass stability guideiimesy a
control period, mass tends to increase. Furthermore, not all pamtii that were
prescribed a hypocaloric diet were able to demonstrate massioedweith some
participants either remaining mass stable or increasiags.ni he initial short-term
intervention demonstrated a high degree of compliance, with 87.5 % of the
participants reducing mass, with only 12.5 % either gaining ortan@ng mass.
However, despite similar compliance strategies, six weeksalofie restriction
resulted in a greater level of non-compliance with 23.5 % eitlgring or
maintaining mass (based on initial intervention group allocations$. plostulated
that the increase in duration coupled with the seasonal time oivgeartwo of the
most probable causes for the reduction in compliance. Inter-individtietedices
with energy balance however cannot be completely ruled out as havimtuance

on the rate and magnitude of total body mass and fat mass changeforéhen

important finding is that a greater level of monitoring may keeled with longer-
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term studies to minimise mass gain during control periods, and thraé aastriction
studies may require over recruitment at a greater proportion liokée duration of
the intervention.

Substantial efforts were made to standardise the food intake anhgtraf
participants in the three days prior to testing in particiiaesyvever recording food
intake is often reported to result in an observation effect (~ Fl@6tien in energy
intake) and an under reporting of food intake (5-20 % reduction in endajye)
(Wrieden, Peace, Armstrong and Barton, 2003). This continues to be admié
research in this field and could only be addressed with an invasiveal clsgtting
where food is provided and intake monitored 24 hours a day for the interventio
period. This clinical approach is expensive, disruptive to pagtits and removes a
level of applicability. Technical error with training recordimguipment at times
limited the detail that could be obtained, but again is something that is comithon

training monitoring.

Gross efficiency provides a measure of whole organism efficiemd as such only
provides an indication of the dominant resultant direction of effigienltange.
While additional variables were measured alongside efficieamgt performance
such as; blood parameters, HR and the component parts of oxygen, Uifiteke
mechanistic evidence was apparent to explain why efficieciegnges occurred.
Consequently this thesis may only really speculate as toatlsesc of efficiency

change with further investigation required.

11.4 Future directions
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It is theorised that gross efficiency could be manipulated fubheither combining
efficiency interventions or increasing the severity and or theidaraf the energy
imbalance. The simplicity of energy intake manipulation leavemuditude of
interventions that could be conducted alongside. It is theorised thathw®y ei
increasing the severity of the restriction and or the duratiohefntervention, it
could potentially further influence efficiency, via a greatepaging influence of the
homeostatic control mechanisms. This may lead to substantial changeRnwRI¢h
would be combined with changes in exercise energy expenditure. Based/iongpre
research utilising magnitude of change as the main criterithefumass reduction
combined with high intensity exercise is speculated to be ¥ liahdidate for
inducing efficiency changes (Hopker al, 2010). Research by Amati al (2008)
demonstrated an impressive additive efficiency effect when seslenge restriction
was combined with a substantial increase in exercise volume. Howisuankinown

if an additive effect could be observed with participants alreactyustomed to
cycling, even if a novel form of high intensity training was impdated.
Furthermore, based on the compliance from the final study of this,thies more
aggressive calorie restriction/longer-term diet might besbexplored initially in a
number of well controlled case studies to assess outcomes bejoifecasit

resources are invested for a large scale intervention.

Changes to macronutrient ratios could not only induce further changescian eff

be could also be used to manipulate the rate of mass reduction, dueremcds
between macronutrient storage efficiency (Donato and Hegsted, 198%helbrised
that a high protein, low gycaemic index (Gl) diet has the most palténtinduce a

higher level of mass reduction, in comparison to the same kedleirfiut with a
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dominance of CHO (Gallegeet al, 2016). High protein low Gl diets have been
shown to cause a lower blood sugar spike, resulting in a lower tentierstpre
energy that has also been shown to increase satiety levels (Raohdsret al,

2008).

The follow-up phase in the medium-term study highlighted the patgsitilat

efficency may only be temporarily altered following changesenergy balance;
therefore an area that may be worth investigating is to tracifiteey return to
pre intervention values. This would potentially enable a more presisef calorie
restriction to manipulate efficiency priorto a cycling yasdile ensuring a sufficient

period of time to consume an isocaloric diet, limiting the negatifeet®

Unfortunately this research was unable to reveal the mechaceiges for the
changes in efficiency and so future research could incorporateonddivariables
such as; skin and core temperature measurement, and hormone and espgnsere
tracking, in an attempt to determine the causes of efficiath@nge in club level
cyclists. Of particular interest would be insulin, leptin and ghras they are closely
linked with metabolism and have previously been investigated in caistgction
studies using sedentary participants (Maclean et al., 2011; Haodie,aRd Hawley,
2012). The enzyme AMPK as a key metabolic regulator, would alsestibg to
explore inregard to mass change, but, could also provide a novel avenuédo furt

explore the relationship withfifiency, VO2maxand performance power.

Little is currently known about muscular changes in trained cydista result of

energy imbalance, with gross efficiency values only providing an lbwli@nge in
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energy expenditure. By measuring changes in muscle gycogers, sbeidative
enzymes and muscular activation, it could help explain where thsighdycal
efficiency changes take place. Another possibility is the usedoial-energy X-ray
absorptiometry scanner which can be used as a 3-compartmentd on@enulti-
compartmental model approach, which can utilise up to a 4-congmeimmodel
(Andreoli et al, 2004). Utilising a variety of techniques to further separate key
components of body composition, would more accurately calculate theshainge
would allow for a more precise analysis to determine the priopat efficiency

change that could be attributed specifically to lean mass change.

The field and laboratory comparison study was successful in nmepsefficien cy
in the field environment, however variation differences were presétit
environmental conditions and power. While environmental conditions aretedcep
to be difficult to control in a field environment, testing in a velodraneaild provide
an alternative to alleviate the differences. Also, although thecdifse was
reasonably level, due to participants having to manually adjust powmitanthe
field compared to a computer controlled electronic brake on the tabora
ergometer, power variation was higher in the field. The dispéryveen the
variations could be improved by requiring participants to manuallyralopower in
the laboratory condition, or allow several sessions of power nmieteing prior to
field efficency measurement. Another potential endeavour regarérgometer
comparison, would be to determine the differences between efficiemamsured
with a free-wheeled bicycle on a treadmill, rollers and witlrlad trainer to further

understand the mechanical influences on cycling efficiency.
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11.5 Conclusion

Over the course of this thesis body mass change has been exploesgrdn to
changes in efficiency and performance. The investigations witisrtlesis were
able to achieve notable body mass change with results indicatindfitleaiey can
be both positively and negatively influenced in participants ammest to cycling.
Importantly, only exercising energy expenditure and not RMR wasweblséo be
influenced by energy imbalance, with both efficiency and performanoeer
appearing unaffected by short-term moderate calorie reastrictThe research
provides further evidence that during energy imbalance that energpdéxpe and
in turn efficiency is adjusted accordingly in the opposing decbf mass change
in an attempt to maintain a stable body mass. This energy sauitdy therefore in
part explain the commonly described weight loss plateau. Baséde results from
investigations throughout this thesis and combined with retrospectivgsiana
conducted in this chapter, the statement that efficiency isdavedi a key
determinant of performance has been called into question. On the phatikother
research substantiated the findings in this thesis, the statemddt berephrased
with efficiency being considered an important variable to indutanges in
performance, rather than a key determinant. Comparisons betwésbn arfie
laboratory efficiency measurement indicated that it was indeesibpeo$o measure
efficiency in the field environment and that efficiency measure the field may
appear lower than the laboratory unless changes in power, cademte a
environmental conditions are considered. M echanistic reasons for theschang
efficiency remained allusive and further research is requinedighlight the mos
likely physiologcal and or biomechanical process which resulisn fenergy

imbalance and body mass change.
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APPENDICIES

Appendix 1: lllustration of the factors influencing cycling efficiency
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Appendix 2: Participant information

Canterbury
Christ Church
University

Research Title: The effect of a six week dietary intervention on indoat amtdoor
cycling eficiency and performance.

Researcher.Samantha Saunders Tel: 01227 767700 ext (3145)
Research UéB840 254143
e-mail: s.saunders311l@canterbury.ac.uk

Superviser: Dr. Damian Coleman Tel : 01227 782639
e-mail :damian.coleman@ canterbury.ac.uk

Superviser: Dr. Mathew Brown  Tel: 01227 767700 ext (3168)
e-mail: mathew.brown@ canterbury.ac.uk

Invitation to take part

You are invited as a volunteer to take part in a researcstigaton. Before you decide
to take part it is important for you to understand why thearebes being conducted
and what wil be required of you should you agree to be involvéghs® take time to
read the folowing information carefully and discuss thwhe researcher. If there is
anything that is not clear or if you would like more infotima please do not hesitate to
ask.

Background

Recently, a great amount of research has been conductadiiog eficiency due to
the publication of a controversial case study on Lance Ayngt suggesting that
eficiency improvements were the reason for his domnaiiothe sport. So far, some
of the largest reported improvements in cycling efficielaye been reported in a long
term weight-loss and exercise study, however it is unknibwimese improvements
occur in habitual cyclists. This study therefore aimssgess the effect of 6 weeks of
moderate calorie restriction on cycling efficiency and 1€ mine-trial performance
compared to a control group.

Efficiency explained

Efficiency provides an indication of your abilty to convetbred energy (e.g. fat and
carbohydrate) into power at the pedals. We measure the amdotdl gfnergy you use
by monitoring inspired and expired oxygen and carbon dioxide archmweneasure the
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power you produce from cranks with strain gauges. Youresfigi is then calculated
by dividing the energy you produce (power) by the total amoueherigy that you use
and is presented as a percentage.

Location

Canterbury Christ Church University, North Holmes Roadi€hury, Kent, CT1 1QU
(Sports Science Laboratory: Ag 59) and Fowimead Country Pa, Kent, CT14 OBF.
The majority of testing wil take place at the Unvrswith a maximum of three visits
to Fowimead (dependant on equipment compatibility).

What will be expected of you?

If you decide to take part in this study you wil be askedttend the sport science
laboratory on six occasions with an additional three visits to Fowlmead’s closed road
circuit over a 17 week period. Al participants wil be askedetmrd and keep similar
their diet three days before testing. Participants indigsiary intervention group wil be
asked to maintain a usual diet (same types of foods) exceperteir calorie intake by
500 kcal per day for 6 weeks. For example if your usual calaadei is 3000 kcal you
wil be asked to consume 2500 kcal per day. Participants icaihieol group wil be
asked to maintain their usual diet and training.

Study schedule

Weeks 1, 2 & Weeks 8, 9 & Weeks 15
b _ b _ l: b
Group 3 Weeks 3-8 10 Weeks 10-15 16 & 17
Control Visit 1 Control Control o
Induction Visit 7:
. ' Visit 4: M aximal
maximal test j
and time-trial M aximal test test
e Visit 5/6: TT in Visit 8/9:
familiarisation )
Visit 2/3: TT ab 1T in lab
) ' Visit 5/6: TT at Visit 8/9:
Diet in iab Diet Fowlmead TT at
it € arty Visit 2/3: TT int. e a?_/ Control Eowimead
intervention at Fowlmead intervention
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Visit 1, 4 and 7: Induction and Maximal test (VOmax)

You wil be shown around the lab; the study protocols wil sEudsed with the
opportunity to ask questions and then asked to fil out an iefbriconsent and health
guestionnaire. Some simple measurements wil then be recorded.

- Height and mass

- Estimated body fat % using a 6-site skinfold caliper tecéniqu
- Lung capacty
- Finger prick blood sample

You will complete a 5 minute warm-up and then a maximal aerobic (VOzmax) test
starting at 150 W increasing by 5 W every 15 seconds untiowallt exhaustion or you

can no longer maintain your pedal rafég(re 1). Afterwards you wil complete a
familiarisation 16.1 km time-trial.

Maximal effort

Cool down
Start I

Figure 1. VOmax test.

Visit 2, 5 and 8: Self-paced laboratory 16.1 km (10 mile) Time-Trial

Pre measurements - Body mass and resting energy ewpendiging down for 20
minutes whie your @and CQ are analysed). You wil then complete a standard warm-
up at 150 W and 60 % of the maximum intensity achieved dthiagvO-max test for 8
minutes each. The 16.1 km self-pacededtrial (Figure 2) wil then commence after a
finger-prick blood sample. You wil then complete a cool down.

16.1 km time-trial I
60 % |

150 W

Figure 2. Ramped start to the 16.1 km time-trialtpcol.

Visit 3, 6 and 9: Self-paced outdoor 16.1 km Time-trial

An outdoor 16.1 km time-trial wil be performed on a closed roaditciat Fowimead
Country Park. A specialized power tap wheel or SRM cranksbeitfitted to your road
bike and you will wear a portable gas analysis system that weighs 950g. Outdoor TT’s
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are dependent on equipment compatibility with your bike and Ihaydists wil be
required to perform outdoor testing.

To participate in this study you must:

Be a male aged between 18-65 years

Have been cycling regularly for at least 1 year.

Have an estimated body fat of 13% or above (dietary interventioup gmly).
Have been weight stable for the last 2 months.

Be a non-smoker

Not be taking any medications (for high cholesterol, high bloedspre, etc.)
Have no known heart conditions or diabetes.

Be without injury or illness.

Not be taking any performance enhancing substances (exclodffeine).

Prior to all visits you will be expected to

e Avoid participation in any strenuous exercise for 48 hoatsoe regular
training intenstties).

e Avoid drinking alcohol and caffeinated drinks (i.e. coffee, ted, @ola) for
24 hours.

e Consume the same food 3 days prior to testing.

e Inthe 2 hours before the testing session consume no fooergy airinks
and drink onlyplain water (aim to consume around 1 litre of water prior to
testing).

e Bring appropriate cycling shorts, T-shirt/jersey, cyclingesh pedals and if
possible your bicycle on the first visit.

Advantages of taking part

A benefit of taking partin this study is that you wil eee feedback, with explanations,
on your body composttion (e.g. % body fat), cardio-respiratory fitfegs maximal heart

rate, maximal oxygen uptake and efficiency) and time-fpaiformance (e.g. average
power output, cadence and time).

Disadvantages of taking part

The main disadvantage of taking part in this study is prgbiabltime commitment. To
complete all aspects of the study you wil be required émétthe lab on six occasions,
and complete three outdoor time-trials which equates to 10-1% bbyour time: 2 hours
for the first visit and 1.5 hours per visit thereafter. Atthougyery effort wil be made to
keep lab time as succinct as possible, equipment malfunctianshappen and you may
be asked to re-attend sessions. There is the possibility safemsoreness after testing;
however, this should be no different to the feeling afteni@nse training session. You
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wil be asked to complete a 3 day food diary and exercise log at thaibggof the study
which wil require a few moments to complete. You wil aismasked to keep your diet
and exercise similar 3 days prior to testing with paaticdonsistency to the meal prior
to testing while noting down any changes.

Additional information

You may at any time withdraw from the Study. You do not Hawgive any reason, and
no one can attempt to dissuade you. If you ever require dmgrfiexplanation, please do
not hesitate to ask. If you refuse to give consent to partiipari this study, or withdraw
from it at a later time, it shall not prejudice you in angy.

In addition, the folowing withdrawal criteria also apply:

e If you have any known injuries.

o At the request of the researcheMiss Samantha Saunders, supervisor Dr
Damian Coleman or Dr. Mathew Brown.

e Faiure of the equipment to record.

Any information obtained during this study wil remain fidential as to your identity:
if it can be specifically identified with you, your perniss wil be sought in writing
before it is published. Other material, which cannot be iigeht with you, wil be
published or presented at meetings with the aim of benefithgrs. The results of this
study will be published as part fulfilment of a PhD thesih witent to submit the research
at conference and as a journal article. You have t& t@lobtain copies of all papers,
reports, transcripts, summaries, and other material publshguesented, on request to
the researcher or their supervisor, if appropriate.

Al information wil be subject to the conditions of theatB Protection Act 1989 and
subsequent statutory instruments. Experimental recordsdiingl paper records and
computer fies, wil be held for a mnimum of 5 years, in dws appropriate for the
storage of personal information. You have right of acaegseur records at any time.

A full scientific protocol for this Study has been approvedClayterbury Christ Church
University Research Ethics Commitee. This protocol cospleith all current
legislation, including the Draft Additonal Protocol to theuticil of Europe Convention
on Human Rights and Biomedicine on Biomedical ResearclB{NF- (2001) 5 dated
18 July 2001). Further details of the approval wil be provided to ygauifwish and you
have a right to have a copy of the full protocol to retain, ifs@uequest of the researcher.

269



Appendix 3: Health questionnaire

Canterbury
Christ Church
University

Department of Sport Science, Tourism and Leisure

Sport Science Health and Fithess Questionnaire

Date of Birth: .................. Age: ......... Sex: .......

Please answer the folowing questions dcling the appropriate response and if

necessary providing extra information in the spaces provided.

ANY INFORMATION CONTAINED HEREIN WILL BE TREATED AS
CONFIDENTIAL

1. How would you describe your present level of fitness?

Untrained / Moderately trained / Trained / Highly trained

2. Average number of hours spent exercisSing ...ccceeeececenseecnnene. per wk
3. How would you describe your present bodyweight?

Underweight /Ideal / Slightly overweight / Very overweight

4. How would you describe your smoking habits?

Non smoker / Previous smoker / Currently smoking

5. How would you describe your alcohol intake?
Never Drink / An occasional drink / A drink every day / Mtiian one drink a day

(Note 1 drink = 1 unit)
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6. Have you had to consult your doctor within the last six nsénth Yes / No

7. Are you presently taking any form of medication? Yes /No

8. Do you suffer or have you ever suffered from any of theviatig?

a. Diabetes Yes /No b. Asthma Yes / No
c. Epiepsy Yes / No d. Bronchitis Yes / No
e. Any form of heart complaint Yes / No f. Serious Back or Neck Injuryes / No

g. High blood pressure Yes /No h. Aneurysm!or Embolisd  Yes/ No
1: Arterial wall weakness causing dilation. 2: Obstouctin the Artery.
9. Is there a history of heart complaint in your family? Yes / No

10.Do you have any alergies? Yes / No
If you have answeregles please give detailS:.....cceevieiniiiieiieiiiiiiniieneennes

11.Do you currently have any form of muscle or joint injury? Yes / No
If you have answeregles please give detailS:....ccceevviiiieiieiieiiiiiiniienennnes

12.Have you had to suspend your normal training/physical sciivithe last two

weeks? Yes / No

271



Appendix 4: Informed consent form

Canterbury
Christ Church
University

CONSENT FORM

Title of Project: The short term effects of calorie restriction on cycleficiency and
time-trial performance.

Name of ResearcherSamantha Saunders, Dr. Damian Coleman and Dr. Mathew
Brown

Contact details

Address:
Tel:

Email:
Please initial box

1. Iconfrm that | have read and understand the informaticaetshr
the above study and have had the opportunity to ask questions

2. lunderstand that my participation is voluntary and tramnlfree to
withdraw at any time, without giving any reason.

3. lunderstand that any personal information that | provideeto th
researchers wil be kept strictly confidential

4. | agree to take part in the above study.

Name of Participant Date Signature
Researcher Date Signature
Copies: 1 for participant 1 for researcher
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Appendix 5: Food record sheet

Day Month Year

Date:

/ /

Day Order:

Please use a separate line for each item eaten;write in weightof plate; leave a line between different
‘plate’ entries.

grilled, fried, roasted.

A B C D E F Office Use
Time | Food eaten [Brand name of|Full description ofeach item Weight |Weightof] Actual
eachitem including:
(except fresh Served | Leftovers| Weight
food) -whether fresh, frozen, dried,
am/pm (home| away canned. cooked: boiled, (ms) | (gms) (gms)
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Appendix 6: Exercise activity diary

EXERCISE
LOG

Name: |

Date:| | Sleep (hrs): Day:

Type of  Durati Heart Difficulty*
Exercise training on Distance Intensity* rate * Notes
Example
1: Cycling

Continu . . .

3 hrs 40 miles 13 mph 160 bpm Medium Hilly course

ous

*Intensity: Mph/Kph or Light/Moderate/Vigorous **Difficulty: Easy/Medium/Hard

| |Sleep (hrs): Day:M Tu W Th
Date: Fr Sa Su
Type of  Durati Heart
Exercise training on Distance Speed rate Difficulty* Notes
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Appendix 7: Laboratory set-up
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Appendix 8: Simultaneous SRM and PowerTap measurement

Simultaneous power measurement with SRM cranks and a @pwedteel fited to a
road bicycle while cycling on a treadmill in the laboratory.

Minute average SRM (W) Powertap (W) Difference (W) Difference (%)
1 94.17 91.23 -2.93 -3.22
2 93.97 91.30 -2.67 -2.92
3 110.22 105.47 -4.75 -4.50
4 115.32 112.37 -2.95 -2.63
5 138.79 135.92 -2.88 -2.12
6 158.75 153.77 -4.98 -3.24
7 169.38 163.98 -5.39 -3.29
8 176.70 171.63 -5.07 -2.95
9 192.91 187.88 -5.03 -2.67
10 203.93 198.62 -5.31 -2.67
11 214.98 209.97 -5.01 -2.39
12 223.26 217.35 -5.91 -2.72
13 226.53 220.10 -6.43 -2.92
14 230.83 225.78 -5.04 -2.23
15 232.92 229.23 -3.68 -1.61
16 253.29 248.55 -4.74 -1.91
17 260.18 252.42 -7.76 -3.07
18 269.43 263.82 -5.61 -2.13
19 281.17 275.48 -5.68 -2.06
20 290.82 285.73 -5.08 -1.78
21 302.99 296.15 -6.84 -2.31
22 312.12 305.43 -6.68 -2.19
23 315.06 310.67 -4.39 -1.41
24 323.77 318.60 -5.17 -1.62
25 325.06 319.48 -5.57 -1.75
26 335.53 328.12 -7.42 -2.26
27 346.98 341.50 -5.48 -1.61
28 355.13 350.50 -4.63 -1.32
29 365.79 359.73 -6.06 -1.68
30 375.78 372.53 -3.25 -0.87
31 384.16 379.87 -4.29 -1.13
32 391.93 386.97 -4.97 -1.28
33 400.78 395.91 -4.87 -1.23

Average 256.74 251.70 -5.05 -2.23
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Appendix 9: The arangement of the Oxycon Mobile and PowerTap wheeh the
field.
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Appendix 10: SRM power and time, and power and speed curve

5001
450- y= 26.409e0.0638x
400+
— 3501
= 3001
2501
2004
1504
1004
50-
0

Power (W

0O 5 10 15 20 25 30 35 40 45 5
Speed (km-h™)

The exponential power and speed curve from the SRM ergometer. 0.8985.

500+
450+
400+
—~ 3504
300+
2504
2004
150-
100-
50-
O+— T T T T T T T 1

0 20 30 40 50 60 70 80 90 10
Time to complete 16.1 km (mins)

Power (W

The relationship between power and time to complete a 16.1 kmAgr aision-liner
regression line with a two-phase association. Y = 8512 + [(43.92-8512)*96.19*.01]
[1-exp(-0.1593*X)] + [(43.92-8512)*(100-96.19)*.01] * [1-exp(-0.04006*X)f R
0.9992. (GraphPad Software Inc. 2007).
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