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ABSTRACT

In order to gain a clearer understanding of factors which influence the physiological testing
of senior and veteran cyclists this thesis:- assessed the validity and reproducibility of the
Kingcycle ergometer; the reproducibility of laboratory based assessments of cycling
performance; investigated cross sectional age-related declines in selected metabolic,
cardio-respiratory and performance related variables; examined the effect of age and
testing protocol on the determination of threshold exercise intensity; studied the effects of
age on laboratory and field based cycling performance; and identified correlates to

endurance cycling performance.

One hundred and fourteen well trained competitive male endurance cyclists participated in
these studies and selected groups of subjects performed laboratory based and field based
tests. These consisted of:- Kingcycle peak power (PP) and peak aerobic capacity (PAC)
tests; lactate minimum (Lac,,); ramped lactate threshold (LT,,,) continuous lactate
threshold (LT,.); discontinuous lactate threshold (LT,), laboratory based 16.1-km time
trial (LTT) and field based 16.1-km time trial (FTT).

Power output recorded using Kingcycle was significantly higher than SRM (P<0.001).
Ratio limits of agreement between SRM and Kingcycle showed a bias of 0.90 (95%CI =
0.89-0.91) with a random error of x/+ 1.07. Mean coefficient of variation for peak power
(Weea) and average power recorded using SRM during PP and LTT trials were 1.3%
(95%CI = 1.0-2.0%) and 2.8% (1.6-4.9%) respectively. Age was a modest predictor of
peak physiological variables assessed during PAC. The decline in W With age was
between 25 and 30 W, (~ 6 to 9%) per decade. Regression analysis provided a prediction of
the decline in peak heart rate (HR,, bmin') [210-(0.66-age, yr), SEE 5%, P<0.01).
Relative exercise intensity (%W,,,,) maintained during LTT and at lactate threshold tended
(P = 0.08 and 0.07, respectively) to be higher in the veterans and %W, at lactate
threshold was affected by age (P<0.05). Mean values for power, heart rate and oxygen
uptake (VO,) at designated blood lactate derived thresholds were affected by testing
protocol (P<0.05) with no interactive effect (P>0.05) of age and testing protocol. Seniors

and veterans maintained a similar (P>0.05) relative exercise intensity (%W e, %IR,, and



%V0,,.) and blood lactate concentration during LTT. Economy for LTT was higher

(P<0.05) in the seniors but was dependent on method of calculation.

Veterans maintained a higher (P<0.05) mean %W,,,, during FTT when compared with the
seniors and a higher (P<0.05) mean pedal cadence during FTT when compared with LTT.
During LTT mean pedal cadence and %W, were similar between groups (P>0.05). Blood
lactate concentration was higher for the seniors on completion of LTT (P<0.05) but not
FTT (P>0.05). Peak heart rate was strongly correlated (P<0.001) to mean heart rate during
FTT and \'/O,‘,‘,.Il was strongly related (P<0.001) to mean VO, during LTT (P<0.001). A
highly significant relationship was found between W,,,, and mean power during FTT (r =
0.99, P<0.001) but not W,,,, and FTT performance time (r = 0.46, P>0.05).

The Kingcycle ergometer did not provide a valid measure of power when compared with a
SRM power meter. However testing methods and equipment used in the present study did
provide reproducible assessments of selected peak physiological variables and cycling
endurance performance. Methodological issues regarding the effects of age, laboratory
based testing and subject selection were highlighted when using physiological tests to
assess endurance capacity and investigate the effects of ageing on cycling performance.
Peak power (W,,,) was identified as a key determinant of outdoor 16.1-km time trial mean

power but not performance time in senior and veteran cyclists.
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INTRODUCTION

Within a sport science support programme athletes are regularly tested in order to monitor
the effectiveness of interventions and treatments and assess subsequent changes in exercise
performance capacity (Bird and Davison, 1997). The application of sport sciencessu’pport
has been particularly appropriéte to the development of cycle-sport and consequently
numerous physiological tests have been developed to gain a clearer understanding of the

underlying mechanisms which influence bicycling performance.

When investigating factors Which influence physiological responses and more impertantly
performance related outcomes it is essential to use methods of assessment which are both
reproducible and valid (Hopkins et al., 1999). Therefore in order to control for
confounding effects of extraneous variables it is common practice to assess cycling

performénee within the controlled environment of the sport science laboratory.

The early development of bicycle ergometry b‘y A.V. Hill and co-workers in the 1920's was
completed in order to gain a clearer understanding of physiological responses to exerCiSe,
however it was the work of Astrand et al. in the 1950's which established bicycle
, ergometry as a laboratory based method for testing athletes. Notably, further adaptationin
the 198:0'8 using 'windload simulators' enabled investigators to develop more valid methods
of testing which identified functional abilities and fnorphological components strongly

related to successful cycling performance (see Coyle, 1995).

The introduction of the Kingeyle air-braked ergometer in the late 1980's was a major
‘ breakthrough in bicycle ergometry as it allowed cyclists te use their own bicycles during
laboratory based tests and provided inStantaneous data concerning power output, heart rate, .
‘pedal cadence and cycling speed. Consequently a large number of Kingcycle studies have
been completed which have assessed the exercise performance capacity of raeing cyclists .
(El-Sayed et al., 1997; Palmer et al., 1998; Hawley et dl., 1997) and investigated factors
which inﬂuehce indoor c:ycling‘ time trial performance (E1¥Sayed et al., 1997; Hawley et
al., 1997; Lindsay et al., 1996; Stepto et al., 1999; Westgarth-Taylor th al., 1997). Yet
surprisingly there is very little information available concerning the validity and -
reproducibility of data recorded using the Kingcycle ergometry system. N |
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In recent years several Kingcy;cle tests have been used to assess cycling performance
ability for the purposes of team selection and talent identification. Although these
Kingcycle based protocols are included within the guidelines for the physioiogical
assessment of competitive cyclists provided by the British Cycling Federation and British
Association of Sport and Exercise Sciences, very few studies have considered the efficacy

of these procedures to assess field based cycling performance ability.

There is very little data available concerning the physiological respoﬁses of well trained
cyclists during actual field based cycling races. However, with the introduction of a new
portable bicycle ergometry system (SRM power-meter) it is now possible to collect data
duriﬁg laboratory and field based settings (Jeukendrup and van Diemen, 1998) and directly
compare data collected during laboratory based assessments with information obtained in
the field. Furthermore the validity and reproducxblhty of data recorded using different

- bicycle ergometry systems can also be evaluated.

Although laboratory based phy51ologlcal tests prov1de mvaluable sport science support for
senior aged cychsts it is surprising that very few studles have 1nvest1gated the apphcablhty

of these methods to provide support for veteran aged competltors “This is unfortunate
| considering the increasing number of veterans who regularly train and compete in cycle-

sport (Jarvrs, 1991; Tulloh, 1990)

Age related changes in exercise performence }capacity have been 'extensively studied
(Babcock et al., 1994a; 1994b; Cartee, 1994; Kenney and Johnson, 1992; Meltzer, 1994;
Nieman et al., 1993; Seals et al., 1994: Tate et al., 1994; Therminarias ef al., 1991) and
reviewed (Mazzeo, 1994; Stamford; 1988). However, the majority of research which has
considered the effects of age on exercise performance has typically examined sedentary or
moderately active subjects. Very little attention has been paid to the age related responses
of 'veteran' athletes. New information in this area would provide novel and informative

data regarding the physiological testing of both senior and veteran age groups.
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Therefore the general aims of this thesis are to:-

¢ gain new knowledge concerning the validity and reproducibility of laboratory based

physiological - tests and testing equipment commonly used to assess cycling
performance ability; "

provide new information regarding relationships between age and selected
physiological/performance related responses recorded during laboratory and field

based trials;

* gain a clearer understanding of methodological issues which should be considered

when comparisons are made between age groups and when using laboratory based

tests to assess senior and veteran competitors.

The objectives of this thesis are to:-

assess the validity and reproducibility of the Kingcycle air-braked cycle ergometer
to record power output during maximal and sub-maximal cycling tests;

assess the reproducibility of physiological and performance related responses
recorded during selected laboratory based methods of testing;

study cross sectional age-related changes in physiological variables recorded during
laboratory based tests;

investigate the interactive effect of age and testing method on the assessment of
cycling endurance capacity; v

compare performance related responses recorded during indoor é\nd outdoor time
trial races between senior and veteran cyclists;

assess the validity of labofapory based assessm}ents to predict field based cycling

time trial performance.
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LIST OF ABBREVIATIONS
MEASURES
W - Watt
V - velocity
kg - kilogram
H - height
m - metre
cm - .centimetre
km - kilometre
s - second
min - minute
h - hour
% - percentage
- keal - kilocalorie
FFM - fat free mass
LBM - lean body mass
BM - body mass
%BF - ;;ercentage body fat

METHODS OF TESTING
PAC - Kingcycle ramp test to volitional exhaustion to determine peak cardio-respiratory
variables and W, o ,
PP - Kingcycle test to volitional exhaustion to determine W,
LTT - laboratory based 16.1-km cycling time trial
'FTT - field based 16.1-km cycling time trial |
PPs - Kingcycle PP test using a stabilis{ng kit and calibration checked against SRM
PPys - Kingcycle PP without stébilising kit and calibration checked against SRM
LT, - blood lactate threshold ramp test
LT,, - blood lactate threshold incremental test

LT,, - blood lactate threshold discontinuous incremental test
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PERFORMANCE DESCRIPTORS

Winax - maximal power output recorded during a progressive ramped or incremental cycle
ergometer test completed to volitional exhaustion

W, - highest average power recorded during any 60-s period of a Kingcycle PP/PAC test
Kingy,.. - highest average power recorded during any 60-s period of a Kingcycle PP/PAC
test using the Kingcycle ergometry system

SRMyy. - highest average power recorded during any 60-s period of a Kingcycle PP/PAC
test using the SRM ergometry system |

Vnax - highest average running speed recorded during a treadmill VO, test

V@VO0,,,, - unning velocity at maxinﬁal oxygen consumption

Wt - average power recorded during a laboratory based 16.1-km cycling time trial
Kingy, 1y - average Kingcycle power recorded during a laboratory based 16.1-km cycling
time trial , .

Wi - average power recorded during a field based 16.1-km cycling time trial

Tyrr - time recorded durihg a laboratory based 16.1-km cycling time trial

Trr - time recorded during a field based 16.1-km cycling time trial

rev-min™ - pedal cadence

rev's™ - revolutions per second

THRESHOLD DESCRIPTORS

LT - lactate threshold: (VO,, power output and HR recorded during an incremental exercise
test at the point when blood lactate concentration is 1 mmol-L" above the baseline blood
lactate level) ' 4
TLac - lactate threshold: (V O,, power output and HR at the point when an abrupt increase
in lactate concentration is recorded above baseline blood lactate level)

D, - lactate threshold: (VO,, power output and HR at the point on a blood lactate
response curve which is the maximum distance from a straight line formed between the
two end points of the curve)

IAT - individual anaerobic threshold

LTP - lactate turning point

OBLA - onset of blood lactate accumulation

OPLA - onset of plasma lactate accumulation
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LMP - lactate minimum point

MLSS - maximal lactate steady-state

CARDIO-RESPIRATORY PARAMETERS

HR - heart rate ’

HRmax - maximal heart rate recorded during a; progressive ramped or incremental cycle
ergometer test completed to volitional exhaustion |

HR,,C;,k - highest heart rate value recorded during a Kingcycle PP/PAC test.

VO2pealk - highest VO, recprded during any 60-s period of a Kingcycle PAC test
VO,max - highest rate of oxygen consurhption during maximal whole body exercise
VCO, - carbon dioxide production

VCOZF'Wk - highest VCO, recorded during any 60-s period of a Kingcycle PAC test
VCO,,., - highest rate of carbon dioxide production during maximal whole body exercise
V¢ - minute ventilation

Ve - highest rate of ventilation during maximal whole body exercise

VEp;ak - highest V; recorded during any 60-s period of a Kingcycle PAC test

TV - tidal volume '

~ RER - respiratory exchange ratio

LVEDV - left ventricular end diastolic volume

CO - cardiac output

CaO0, - arterial oxygen content

Sa0, - arterial oxygen saturation

a-;VO2 - arterio-venous difference

MVYV - maximum voluntary ventilation

VC - vital capaéity

FVC - forced vital capacity

FEV,, - forced expiratory volume recorded in 1-s

FEV, ;to-FVC - ratio of FEV, ;t0-FVC

f - breathing frequency

IHD - ischemic heart disease

Hb - haemoglobin

Hct - haematocrit
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METABOLIC PARAMETERS

BLa - blood lactate concentration

BLa; - blood lactate concentration recorded at 5 min post PP/PAC test

SDH - succinate dehydrogenase
LDH - lactate dehydrogenase
CS - citrate synthase

EQUIPMENT
DEXA - dual-energy X-ray absorptiometry
SRM - Schoberer Rad Meptechnik poWerme;er

STATISTICS

MAS - multivariate allometric scaling
CV - coefficient of variation

SD - standard deviation |

ICC - intraclass correlation coefficient
LoA - limits of agreement

CI - confidence intervals

" In - natural logarithm

SEE - standard error of estimate

JOURNALS, BOOKS AND ORGANISATIONS

MSSE - Medicine and Science in Sports and Exercise

RTTC - Road Time Trials Council

BASES - British Association of Sport and Exercise Sciences

ECSS - European College of Sport Sciences
I0C - International Olympic Committee
ACSM - American College of Sports Medicine
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CHAPTER1
1 DETERMINANTS OF CYCLIN G PERFORMANCE

1.1 INTRODUCTION

Cycling is a multi-disciplinary sport Which incorporates a wide variety of competitive
activities such as road racing, track racing and off-road 'mountain-biking'. Not surprisingly,
each discipline of the sport impose§ its own set of demands which are, in part, dependent
on individual tactics, the_'terfaiﬁ' of the course and the duration of the evént (Padilla et al.,
1999). Success in competitive cyclihg is 'determinéd by physiological (Coyle, 1995),
biomechanical (Gregor et al., 1991), environmental (Swain et al., 1997) and psychological
factors (Davis, 1995; Davis and Bailey, 1997). A comprehensive review of all these
'components of success' is beyond the vscop'e of this thesis, however these factors ilave been

- considered in the reviews of Kyle (1991) and Ryschon (1994).

Physiological variables associated with successful endurance performance include:-
maximal oxygen consumption (Burke, n1980; Saltin and Astrand, 1967; Ramsbottom et al.,
1987; 1992); maximal aerobic muscle power (Hawley and Noakes, 1992; Scott and
| Houmard, 1994); oxygen cohsumptioii at lactate threshold (Coyle et al., 1988); power at
lactate 'th‘reshold (Bishop et al”.,l 1998); and _écono_rhy and efficiency of movement
(Horowitz ei al., 1994). Coyie -(1>9‘95') discussed several interrelationships between these
variables and put forward an integrated model which identified key 'functional abilities’
associated with successful endurance performance (see Figure 1). The purpose of this
chapter of the thesis is to review available literature which has investigated these"abilities'

and considered factors which are related to cycling endurance performance.

1.2 FACTORS WHICH LIMIT EXERCISE PERFORMANCE

Physiological mechanisms associated with the onset of fatigue have been extensively
studied and reviewed (see Davis et al., 1995; Fitts and Mgtzger, 1988; McLester, Jr.,
1997). For the purposes of this chapter mechanisms associated with the curtailment of

maximal performance and delimitations of endurance performance are discussed.
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determining endurance performance ability (Coyle, 1995)

Figure 1. Hypothetiéal model of the interrelationships of the physiological factors

Several paradigms have been developed to explain the onset of fatigue and curtailment of
exercise during maximal work. Although the physiological mechanism(s) responsible for

the cessation of maximal 'aerobic' exercise is/are unclear, several authors (Bassett and



Howley, 1997; Noakes, 1998) ﬁave completed extensive reviews of the literature in this
area and put forward two theoretical models to explain this phenomenon; the
'cardiovascular / anaerobic' model based on the work of Hill and Lupton (1923) and the

'regulated skeletal muscle contraction' model of Noakes (1998).

The cardiovascular / anaerobic model of exercise performance is based on the theory that:
"during maximal exercise oxygen uptake attains a maximum and constant value
wﬁich can not go any higher due to the limitations of the circulatory and respiratory
systems", consequently "progressive muscle hypoxia, anaerobiosis and the
production of lacfic acid limit maximal exercise performance” (Noakes, 1998 p.
1382). |

Although this model suggests that muscles become hypoxic during exercise (which
- ultimately affects muscle contractility leading to a reduction in power output) there appears
to be no information available to show the occurrence of muscle anaerpbiosis (hypoxia)
during exercise performance. Furthermore although a change in muscle pH, related to the
accumulation of lactate and hydrogen ion concentration, has been linked with the onset of
muscle fatigue (Fitts and Metzger, 1988), investigators have suggested that the onset of
 blood lactate accumulation during exercise performance is also not associated with muscle

hypoxia (Brooks, 1991; Spurway, 1992).

It is widely acknowledged that fatigue during maximal exercise performance (~10 min
duration) is linked to a continuous increase in blood lactate concentration and the
attainment of VO,,,. Billat (1998) recently found that when triathletes were required to
complete a cycle ride and treadmill run at a fixed relative exercise intensity to the point of
exhaustion intensity (identified for each mode of exercise), there was no relationship
between changes in blood lactate concentration and VO, when 'compared with time to
exhaustion. Unfortunately the underlying mechanisms responsible for the onset of fatigue
during each mode of exercise were not elucidated, however analysis of the data revealed
that VO,,,, was recorded duririg the cycling test but not the running test. Although relative

exercise intensity may have been different for cycling versus running, subjects reached

L
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volitional exhaustion within the same amount of time (637 vs 654 s for cycling and running

respectively).

Noakes (1998) argued that: -
"if the ultimate limits for maximal exercise are set by the cardiovascular system,
some mechanism (other than skeletal muscle anaerobiosis) must be present to
terminate exercise before the heart is itself damaged by the very plateau in CO that
is theoretically necessary to explain the plateau phenornénon..; during maximal
exercise, progressive myocardial ischemia preceding muscle anaerobiosis must be
thwarted so that neither the heart nor the skeletal muscle develops irreversible rigor

and necrosis with.fatal consequénces" (p. 1395).

Proponents of the cardiovascular/anaerobic model (Bassett and Howley, 1997) have argued
that "regardless of whether a particular individual achieves a plateau or not, there is an
- upper ‘ceiling' on the body's ability to take up and utilize oxygen" (p. 594). Noakes (1998)
has postulated that performance is limited by O, supply, however curtailment of exercise is
not due to the effects of hypoxia on muscle contractility but the effects of a control

mechanism which 'cuts in' to prevent damage to the heart.

- The regulated skeletal muscle contraction modell of endurance performance suggests that:

"skeletal muscle contractile activity is regulated by a series of : central,
predominantly neural and peripheral predominantly chemical regulators that act to
prevent the devélopment of organ damage or even death during exércise in both
health and disease and under demanding environmental conditions" (Noakes, 1998,

p. 571).

There is very little direct evidence to support the postulate of Noakes (1998) however a
similar controlling mechanism has been proposed by Dempsey and co-workers (1996).

These authors hypothesised that the excessive requirements of ventilatory work during
maximal exercise may cause reflex vasoconstriction of locomotor muscle leading to
cessation of exercise performance. The authors postulated that due to an increased
vasodilation in the working respiratory muscles there is a reduction in blood pressure and

baroreceptors elicit sympathetically mediated vasoconstriction of limb locomotor muscles
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in order to preserve blood preésure. Harms et al. (1997) found that assisted breathing
reduced the workload on respiratory muscles during maximal exercise and this resulted in
an increase in blood flow to locomotor muscles. Alternatively the workload of normal
breathing during maximal effort invoked vasbconstriction in locomotor muscles and

compromised locomotor muscle perfusion and oxygen uptake.

Further support for the postulate that a ;regdlator' controls skeletal muscle contraction was
provided by Koskolou et al. (1997) and Richardson et al. (1995) who found a reduction in
blood flow to the locomotor muscles when subjects breathed hypoxic gas during maximal
single leg exercise. It Was suggested thatr blood flow was reduced to compensate for
reduced arterial O, content (Ca0,) and O, delivery. The mechanism’ responsible for this
apparent coupling between work rate, VO, and blood flow during maximal exercise was

not elucidated.

Both models suggest that O, supply affects exercise performance, however Noakes (1998)
has argued that skeletal muscle function determines endurance performance ability.' For
instance, studies which have assessed physiological and morphological characteristics of
elite endurénce runners have found that the best predictors of performance are factors
related to muscle fatigue resistance (Coetzer et al., 1993; Weston et al., 1999; ) not
maximal oxygen consumption. Similarly, Padilla et al. (1999) found that the best
predictors of performance in a group of professional cyclists was absolute maximal

sustained power output (W,,).

1.2.1.1 OXYGEN UPTAKE RECORDED DURING MAXIMAL EXERCISE

Maximél oxygen consumption (VO,,,,) denotes the highest rate of O, consumption during
maximal whole body exercise (Coyle, 1995) and the achievement of VO,,,, is based on the
postulate that during intense/maximal exercise, oxygen uptake attains a maximum and
constant value which is not increased by an increase in external wofk]oad (Taylor et al., |
1955). By definition, VO,,,,;,‘ equals the prodﬁct of maximal cardiac output and maximal
arterio-venous difference (Fick Principle). Wagner (1992) explained that the maximal rate
of oxygen consumption depends on the exchange of oxygen from the air into the blood

stream via the respiratory system; the delivery of oxygen in the blood to the musculature
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via the cardiovascular system; and the extraction and utilisation of oxygen by the working
musculature. It is now widely accepted that during whole body maximal exercise the
primary determinants of VO,,,,, are central factors which influence the delivery of 02‘ to the

working musculature (Richardson et al., 1999).

1.2.1.11 Central hmttattons to VO,

Several studles (Anderson et al 1985 chhardson et al 1999) have prov1ded strong
evrdence to suggest that VOZmu is not llmlted by mltochondrral metabollc rate but rather 0,
supply. In the study by RlChaI'dSOIl et al (1999) VOz,m was recorded durmg s1ngle leg and
whole body exercrse Notably even though O2 delrvery per umt of muscle mass was very
hlgh dunng the single leg exercrse an increase in 0O, dehvery (afforded by breathmg 100%
0,) resulted in an increase in VO,,,,. Anderson et al. (1985) found that muscle perfusion
during maxirnal whole body eXercise (involving a large muscle mass), was less than during
. single leg work. Bassett and Howley, (1997) explained that when whole body exercise is
oerformed, the capacity for blood ﬂow' of the large muscle groups exceeds maximal cardiae
output, therefore the heart becomes the llmiting factor that determines how much blood and

oxygen are supplied to the muscles.

- Evidence to support the theory that VOZM is limited by O, supply has_been provided by
studies which have recorded an improvement ln VOzvm when subjects have breathed
hyperoxic gas (Inbar et al., 1993; Peltonen et al., 1995; Powers et al., 1989) increased
maximal cardiac output due to the effects of training (Rowell, 1986) and increased total
blood volume due to blood re—infusion (Kanstrup and Ekblom, 1984). Supply of O, to the -
working musculature is dependent on the pulmonary system and cardiovasculark system‘
(Bassett and Howley, 1997) and for the purposes of this review factors which influence

pulmonary function, cardiac output and blood volume are considered.

12.1.1.1.1 Pulmbnary Sfunction
Inbar et al. (1993) explamed that when healthy 1nd1vxduals exermse at sea level, arterial 0,
content is not a llmmng factor of VOz,m “This postulate is based on the knowledge that

durmg maxrmal exercise the pulmonary system does not reach its maximum capacrty and

arterlal 0, saturation (%SaOz) remains high. However, when mvestrgators have assessed
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the maximal pulmonary function of highly trained endurance athletes, exercise induced
arterial hypoxemia has been recorded (Johnson and Dempsey, 1991; Prefaut et al., 1994).
McClaren et al. (1995) defined arterial hypoxemia as an arterial O, saturation of <92%.
Johnson and Dempsey (1991) suggested that decreases in SaO, observed in highly trained
individuals may reduce VO,,,, by up to 14% and Prefaut et al. (1994) argued that
endurance athletes who exhibit the highest VO,,,, show the greatest decrease in Sa0,. In
conclusion, Dempsey (1986) argued that the pulmonary system may become a limiting
factor in O, transport during maximal exercise ih the highly trained and suggested that in
elite endurance athletes ventilation and pulmonary gas exchange may not develop
sufficiently to accommodate training édaptations in central and peripheral processes such

as cardiac output and a-vO, difference.

Incomplete pulmonary gas exchange has been attributed to limitations in alveolar end-
- capillary diffusion (Prefaut et al., 1994) combined with an interstitial pulmonary oedema '
(Younes and Burke, 1985) and a 'disequilibration' between the alveolar gas and the
capillary system of the lung due to the speed of transit of capillary blood during very high
cardiac outputs (Dempsey, 1986). Consequently, Inbar et al. (1993) concluded that
"incomplete pulmonary gas exchange secondary to a relative hypoventilatory response to

maximal aerobic exercise contributed significantly to limiting VOZM" (p. 83).

It is worth noting that Inbar et al. (1993) recorded an increase in W,,,, when subjects were
allowed to breathe a hyperoxic gas during a cycling test. It was suggested that the increase
in power output during maximal exercise was related to a decrease in hyperventilatory
drive and subsequent drop in respiratory discomfort. The authors estimated that an increase
in ventilation of 10 L-min" would correspond with an increase in VO,,,, of 2 mL-kg"min"
and ~ 5 W in maximal power output. In contrast to this, Harms et al. (1997) observed a
significant decrease in VO,,,,, when subjects attained a higher maximal minute ventilation
using a 'proportional assist ventilator'. Analysis of the data revealed that an increase in
maximal V; of 10 L-min? from 146 to 157 L-min" was associated with a decrease in VO,
of 0.26 L'min’. Unfortunately times to exhaustion recorded for normal and assisted
conditions were not reported. The O, cost of maximal exercise hyperpnea has been
estimated to be about 8-12% (Harms et al., 1997) and 13% (Johnson et al., 1992) of
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VO, and therefore a significant share of maximal cardiac output is required for

respiratory muscle work during maximal exercise.

Dempsey et al. (1996) postulated that "even if fespiratory muscles did steal a significant
share of cardiac output from locomotor muscles, VO,,,, would not be compromised" (p.
1127) but maximal work rate required to elicit VO,,,, would be reduced. This could be
explained by a redistribution of blood flow to respiratory muscles which would lead to a
shortened performance time during heavy endurance exercise and a lower maximum power
output at VO,,,, during short-term progressive exercise tests. Harms et al. (1997) found
that VO,,,, was unchanged during inspiratory muscle loading, however a significant
reduction in VO,_,, was recorded when respiratory muscles were unloaded. The authors
could not explain this finding and a further investigation to assess changes in cardiac
output during loaded and unloaded breathing conditions was proposed. Harms et al. (1997)
~ did not assess maximum workload achieved during loaded and unloaded VO,,,, tests
therefore the postulate that unloaded breathing would result in an increase in maximum
work rate could not be verified. There is very little information available concerning the
possible effects of unloaded breathing on power output maintained during prolonged high

intensity endurance exercise.

Hagberg et al. (1988) found no difference in static and dynamic lung function between
endurance athletes and sedentary 1nd1v1duals of similar body size. However, Inbar et al
(1993) found that tramed endurance athletes had a lower ventllatory reserve (MVV-VE,,,,,)
and lower maximal exercise ventxlatory equlvalent (VEW/VOZ,,,,X) when compared with
untrained individuals. In a recent study by Mota et al. (1999) well trained endurance
cyclists did not reach expiratory ﬂow limitation during' a maximal exereise test. The
authors concluded that mechanical constraints did not limit aerobic exercise cai)éeity.
Studies which have investigated pulmonary function durlng maximal exercise (for> review
see Dempsey, 1986) found that endurance training did not affect maximum voluntary
ventilation (MVV) but enabled athletes to utilise a greater percentage of their vehtilatory

capacity.
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1.2.1.1.1.2 Cardiac output

Maximal cardiac output (maximal heart rate x maximal stroke volume) has been described
as 'the principal determinant of systemic oxygen transport' (Pate and Kriska, 1984; Spina,
1999) and the key determinant of high VO,,,, values recorded in highly trained endurance
athletes (Joyner, 1993). Strong evidénce in support of this was provided by Anderson et al.

(1985) who developed the 'single leg' exercise model to show that during maximal exercise

VO, is limited by the maximal rate of muscle perfusion. The authors explained that

during whole body exercise maximal blood flow to the locomotor muscles did not exceed
the maximal cardiac output of the heart. Saltin and Strange (1992) explained that during
maximal exercise, large quantities of blood are required to perfuse a fully dilated muscle '
capillary bed, therefore there is a close relationship between maximal cardiac output and
exercise capacity. Consequently the heart is the most significant contributor to VO,,,, and
the essential component in achieving high levels of oxygen consumption during maximal
exercise. Not surprisingly, there is a plethora of literature available describing
cardiovascular adaptations to exercise training and Spina (1999) has recently considered

this topic in depth.

1.2.1.1.1.3 Blood volume and h‘aen'wgylbbin‘ -

Haemoglobin concentration (Hb) is an important determinant ot: VO, in trained
endurance athletes (McArdle et al.,’l991). Low levels of Hb are associated with a reduced
Qxyggn—carrying capacity and a lower level of systemic oxygen transport (Pate and Kriska,
1984). Research by Kanstrup and ‘Ek‘blom (1984) has revealed that an increase in total
blood volume (Hb x blood volume) significantly improved VO, It was postulated that
increases in VO,,,, were due to an increased stroke volume and cardiac output and that the
augmented stroke volume was the result of a higher pre-load after total blood volume
expansion, coupled with the Frank-Starling mechanism. Kanstrup and Ekblom (1984)
concluded that both the size of the blood volurn¢ and the Hb concentration were important

determinants of VO,,,, and endurance performance.

Interestingly, Kanstrup and Ekblom (1984) also found that a reduced Hb concentration
with an elevated plasma volume resulted in an unchanged VO,,,,. It was argued that the

elevated plasma volume increased cardiac output and compensated for the reduction in
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arterial O, content. The authors postulated that plasma volume expansion alone could not
increase VO,,,,. It was suggested that when Hb concentration was decreased and plasma
volume did not change, cardiac output could not be increased to offset the drop in arterial

0O, content, consequently VO,,.,, was reduced.

In contrast to the work of Kanstrup and Ekblom (1984) Krip et al. (1997) found that an
increase in plasma volume without a change in Hb content resulted in an increase in
VO,,.... It was postulated that an increase in plasma vo]ume did not affect the VO,,.., of
trained participants, but did affect the VOZmlof sedentary subjects. Sedentary individuals
may have had a sub-optimal blood volume when c‘ompared} with trained subjects,
consequently, an increase in blood volume was more beneﬁc1a1 in the sedentary group
Krip et al. (1997) argued that in trained 1nd1v1duals an 1mprovement in VO,,,, (due to an
- increase in blood volume) was dependent on an increase in Hb content. This theory was

- confirmed by the work of Warburton et al. (1999) who tested highly trained endurance

cyclists and found that an increase in plasma volume did not affect Vozm.

Miller (1990) commented that changes in Hb in response to endurance training were the
result of an increase in blood volume (hemodilution) and not a decrease in total ‘Hb. In
- support of this finding, Keen et al. (1995) showed that changes in Hb level recorded in
endurance cyclists during a stage race were relative to changes in hlood plasma volume and
not variation in Hb. The observed 'dilution effect' in response to exercise training was due
to an increase in plasma volume more than the red blood cell volume as shown by a

decrease in haematocrit (Hct) i.e. the ratio of cell volume to total blood volume.

Several inuestigations have shoWn that hypohydration and hypovolemia due to the affects
of heat stress, reduction in fluid intake and admlnlstratlon of diuretics can reduce VOZW
and W,,, (for review see Sawka, 1992). The prec1se mechamsm(s) responsrble for the
observed decline ml performance _1s/are unclear, however during maximal efforts 1t is
'reasonable to assume that cardiac output is compromised by the redirection of biood flovu
to the cutaneous vasculature in response to thermoregulatory vstress (Shaffrah and Adams,
1984) therefore competition arises between blood ﬂo‘wb to improve heat dissipation and

blood flow to increase the supply of O, to the working muscles. Increased total muscle
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blood flow during maximal exercise is mainly due to an increase in cardiac output and
distribution of blood away from 'non-working' areas of the body (McArdle et al., 1991)
however when total blood volume is reduced due to the effects of hypohydration and

hypovolemia the maximal delivery of O, to the locomotor muscles is diminished.

1.2.1.1.2 Peripheral limitations to VO,,,,

Research has shown that VO, can be significantly influenced by metabolic processes
occurring within the active muscle (Green and Patla, 1992; lHonig et al., 1992). Notably
improvements in VO,,,, have been attributed to increases in muscle oxidative capacity and
mitochondrial protein (Hoppeler ef al. 1985). Alternatively, marked declines in VO,
have been associated with a decrease in muscle glycogen concentration (Asmussen et al.

1974; Astrand and Saltin, 1961; Heigenhauser et al. 1983).

1.2.1.1.2.1 Effect of muscle fibre type and muscle recruitment patterns on VO 2max

During maximal exercise, whole body VO, is an assessment of the energy expenditure of -
the active musculature (Ryschon, 1994). Therefore, muscle recruitment patterns which
activate a large muscle mass éan b‘ey a key determinant of VO,,,, (Green and Patla, 1992).
In a review by Coyle (1995) it was suggested‘that‘ elite endurance cyclists are able to
recruit a greater muscle mass duﬁng maximal exercise with a concomitant increase in
power output. Several studies (Coyle et al. 1988; Ho;owitz et al. 1994) have shown that
highly trained endurance athletes have a relatively high percentage of slow twitch (Type 1)
muscle fibres. Furthermore, Coyle et al. (1988) found a correlation between years of
endurance training and %Typé I fibres in the vastus lateralis rriuscle of highly trained
cyclists. Ryschonl(l994) found that VO,,,, was affecfed by the relativé percentage Typé I
fibres and Suggesfed that "endurance specialisation may be the product of training-induced -
adaptation at the muscle level” (p. 19).nIt is important to note that the affect of endurance
training on muscle fibre composition is unclear (see Gollnick, 1989). Notably, a recent
review by McComas (1996) considered the longitudinal effect of endurance trammg on
alterations in ﬁbre-Type composmon and identified several studies which found that a
decrease in Type IIb and relative increase in Type ITa following a period of high intensity
endurance training. However the effect 6f endurance training on Type I muscle fibres was

equivocal.
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Endurance training increases muscle-fibre capillary ratio (Coggan et al., 1992)
mitochondrial density (Coggan et al., 1990) and enzymes involved in aerobic energy
transfer (Coggan et al. 1992; 1993), however Gollnick (1989) argued that increases in
mitochondrial content and function were important for enhancing work capacity but uot

VO,

1.2.1.1.3 Factors which affect VO,,,,

Various investigations have shown that VO,,,,, can be affected by a multiple of factors such

as:- body size (Nevill et al., 1992); gender (Pate and Kriska, 1984); age (Spina, 1999); and
mode of exercise testing (Stromme et al., 1977). Declines in VO, with age and
methodological issues concerning the assessment of VO, are considered in chapters two

and three of this thesis. The effect of gender on VOzmAx is beyond the scope of this thesis.

Studies which have assessed the effects of endurance exercise training on VO, have
found significant improvements/reductions following periods of training and detraining -
(for review see Wenger and Bell,' 1986) and have suggested that improvements ianOZm;x
are dependent on genotype (Bouchard et al., 1992), the initial fitness of the individual o
(McArdle et al., 1991), and the intensity, frequency and duration of traiuing (Wenger and
Bell, 1986). | |

It is well established that VO,,.. expressed as L'min™ is hig’hkly’correlated with the mass of
 skeletal muscle tissue that is active during exercise (Pate and Kriska,k 1984; Sawka, 1986).
. Therefore high values of VO,,,, attained by racing cyclists are representative of the large
active muscle mass involved in cycling exercise (Ryschon, 1994). However, in order to
allow companson between individuals of different body size VOZ,,,,, values are commonly‘ ‘
scaled relatxve to the body mass of the athlete (mL kg''min l) The use of ratio scaling is

‘ <w1dely used to assess the VO, of endurance athletes, however authors have advised the

use of power function models to adjust VOZ,,,;, Yalues to account for differences in bedy ,
size. Notably Net/ille et al. (1992) and Heil (1997b) have suggested that dividing VOz,m‘
~ (L'min") by [body mass (kg)®®] prevides a more valid inter-individual assessmeut of

VO,



1.2.1.1.4 Values for VO,,,,

some of the highest values recorded for aerobic power when expressed as either L-min"l
and/or mL-kg"'min" (Saltin and Astrand, 1967). VO,,,, values have ranged from 4-5
L'min” (60 mL-kg"-min™") for club standard cyclists (Hickey et al., 1992; Langcnfeld etal,
~ 1994; Pugh, 1974) to above 5 L-min™ (70 mL-kg* min™) for national/international standard
(Coyle et al., 1991; Horowitz et al., 1994; Lucia et al., 1998) (see Table 1).

1.2.1.2 M‘AXINVIAL/kPEAKkPO‘W’ER. \

Power output (W) refers to the fneasurable external (mechanical) power that a cyclist can
generate over a specific period of time (de Groot et al. 1994) and peak aerobic power
(Wpe) describes the highest average sustained power output recorded during any 60-s
period of a progressive exercise test to volitional exhaustion (Keen et al., 1991). Notably,
peak poWer has also been described as maximal sustaihed power output (Weston et al., B
1997) maximal power (Hopkiﬁs et al., 1999; Stepto et al.; 1999; Westgarth-Taylor et dl.,
1997) and (maximal‘muscle power (Noakes, 1988) however this predominantly 'acrobic'
measure of power output should not be confused with measures of peak and mean
anaerobic' power recorded during a 30-s Wingate test (Vandewalle et al;, 1987).

Table 1. Selected characteristics of elite and professional cyclists =

) - | Lmin' | mLkglmin' | (W) | (Wkg')
i.,ucia et al. (1998) P 68.9 5.10 74.0 501 - 1.27
Wilber et al. (1997) E 72.6 5.09 70.3 47‘0; 647
Lucia et al. (1998) P | - 673 490 72.9 466 692
Vrijens et al. (1982) E - -~ 71.4 481 . |. 676 448 6.27 .
Lucia et al. (1998) . B - 69.2 5.10 739 429 6.20
Vrijens et al. (1982) P 713 - 471 65.7 419 5.88
MeantSD - 70.1£2.0 1 495+0.17 70.7+3.5 _456: 30 | ‘ 6.5+0.5
P = professional cyclists

B =cliteoyclists
BM o “*'=bodyn'1asjs“
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1.2.1.2.1 Factors which affect maximal/peak power

Factors which influence maximal/peak power values achieved during maximal exercise
include; body size (Winter and Nevill, 1996), age (Seiler et al., 1998), training status
(Lucia et al., 1998), gender (Wilber et al., 1997), exercise mode (Jones and Passfield,
~1998), testing protocol (Davis et al.,’ 1982) and glycogen depletion (Heigenhauser et al.,
1983). Changes in W, associated with ageing and methodological issues concerning the
assessment of W, are considered in chapters two and three of this thesis. Very few studies
have assessed the relationship between W,.. and body size, although authors have used
standard ratio scales (W-kg") to evaluate differences in maximal/peak power between
cyclists (Dobbins, 1996; Hawley and Noakes, 1992; Padilla et al., 1999). Neville et al.
(1992) investigated the relationship between peak power achieved during a Wingate test
and body mass, and found that the best method of scaling power to account for differences
in body size was to use the power function model [body mass (kg)®®’]. Unfortunately,
there is very little information available concerning the relationship between body size and

an assessment of W, and W,m

A plethora of literature is available concerning biomechanical factors which have a direct
influence on power otttput during cycling'exercise it is worth noting that Lucia et al.
(1998) postulated that profess1ona1 cyclrsts achieved a higher max1mal power output at
VO, due to the development of biomechanical adaptatrons in the pedal stroke. In support
of this work Coyle et al. (1991) found that elite cycllsts adopted a peda]hng technique
which applied large vertical forces to the pedal during the down stroke to maximise the
amount of propulsive torque produced during this interval. The biomechanics of cycling
are beyond the scope of this thesis, however, literature on this issue has been reviewed by
Gregor et al. (1991) and Too (1990). |

High intensity interval and envdurance‘exercise traininbgd improves Woax (Lindsay et al., ‘
1996 Stepto et al 1999; Westgarth—Taylor et aI 1997 Weston et al 1997) however the
underlymg mechamsm(s) responsrble for changes in maxrmal/peak power is/are unclear
Increases in power output in response to tralmng have been attributed to penpheral
adaptatlons in skeletal muscle fibre type, power output distribution among individual

‘muscle fibres, muscle capillary density and oxidative enzyme activity as well as central
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changes in maximal cardiac output and total blood volume (Coyle, 1995). Several authors
(Hawley and Noakes, 1992; Keen et al., 1991) have found that the relationship between
W,.x and VO,,,, in endurance trained cyclists is highly significant (r = 0.98 and r = 0.97,
respectively) consequently this relationship has béen used to alternatiVely estimate VO,,,,

~ and W, (Padilla et al., 1999).

Very few studies have considered the relative contribution of anaerobic power to W,
Craig et al. (1993) found a significant inverse relationship between anaerobic capacity and
cycling performance time during a field based 4000m individual track pursuit (r = -0.50)
and Black et al. (1998) foﬁnd that time to complete a field based 16.1-km cycling time trial
was significantly inversely related to peak power (W-kg”, r = -0.71) and mean power
(Wkg', r=-0.58) achieved during a Wingate test. Unfortunately no study has assessed the

relationship between an assessment of W, or W, and anaerobic power.

1.2.1.2.2 Values for maximal/peak pov‘ver

Maximal/peak aerobic power values reported for compefifivé cyclists have rahged from
~380-420 W for trained cyclists (Dobbins, 1996 El- Sayed et al. 1997, Jeukendrup et al.
1996 Wagenmakers et al. 1996) to above 440 W for ehte/hlghly trained cyclists (Wilber et
al., 1997) and above 480 W for professnonal cychsts (Lucia et al., 1998) Notably, Padilla
et al. (1999) calculated the Wm/body mass ratio of elite and professmnal cyclists and
found that professional competitors had a W,,,,x/body mass ratio above 6.5 W-kg' (see
Table 1). o o | o

1.2.2 ENDURANCE PERFORMANCE

Bassett and Howley (1997) postulated that, "...performance in endurance events is limited
by oxygen delivery (mL-kg"-min™) set by the subject's VO,,,, and the %VO,,,,, that can be
maintained" (p. 597). In support of this supposition, studies have found that elite athletes
are able to sustain a higher %VO0,,,, during exercise performance (Coyle et al., 1991), and
that measures of performance associated with a threshold exercise intensity occur at a
higher %VO,.,, in highly trained individuals (Allen er al., 1985; Coyle et al., 1988;
Lopategui et al., 1986). | |
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Lopategui et al. (1986) found that the ‘anaerobic' threshold of elite road racing cyclists was
significantly higher than novice cyclists when expressed as VO, (mL-kg'min') and
%V O, Absolute VO, (L'min™) and W, (W) for each group were not signiﬁc’antly
different, however, VO, (mL-kg"-min“) and }Wm,x (Wkg') were higher in the elite
group. The authors suggested that dlfferences in VO, (mL-kg"-min™) and %VOZ,,,,,‘ at the

‘anaerobic' threshold could be used to identify novice and elite cyclists.

The threshold concept of endurance performancke suggests that when éxercising below
threshold, variables such as BLa, VO,, VCO,, and V; remain relatively stable, however
when exercising above threshold, thesé variables do not remain stable but continue to
increase until VO,,,, is reached and exercise performance is curtailed (Poole et al., 1994).
An increased intensity above threshold leads to a more répid increase in VO, and a
reduction in time to exhaustion (Whipp, '1994) and the exercise intensity an athlete can
maintain for the duration of a race is ’dependent on their VOZ,‘,,,’,(“ahd fhe absolute VO, at
race pace relative to VO, at threshold (Coylé, 1995). For instance, a 1-h cycling time trial -
is performed at a relatively high exercise intensity with an average VO, (L'min’') about
14% above VO, at lactate threshold, a relative exercise intensity of about 86-90% VOZm;,;
(Coyle et al., 1991). For an event of 15 min duration such as ‘a 5-kmrun athletes can
'mamtam a about 93% VO,,,, Which is 8% above VO2 at OBLA (Ramsbottom etal., 1992)
and endurance runners mamtam about 75% VO,ax durmg a Marathon race Wthh is 5%
above VO, at OPLA (Farrell et al., 1979). Evidently athletes can maintain an exercise
intensity aboVe designated threshold values whether stated as lactate threshold, OPLA or
OBLA for different periods of time. In order to account for this énomalykaﬁth'ofs have
either established a threshold value which coincides with performance in a particular event
(see Coyle, k1995) or have established a 'maximal steady state' workload which can be
" maintained for a fixed period of time (Beneke and von Duvillard, 1996; Jones and Doust,
11998). It is worth noting that differént definitions and designations used to identify‘ and
quantify a threshold exercise intensity need to be considered when comparisons are made
between studies concerning the relative performénce related respthes ~of endurance

athletes.
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Noakes (1998) has argued that studies which have found strong relationships between
threshold values and endurance performance have typically assessed heterogeneous groups
of competitors. Consequently the - high correlation coefficients recorded between
performance and threshold measures such as VO, at the onset of blood lactate
accumulation are an artefact of the statistical test. Furthermore the relationship between
VO, and performance (expressed as %V0,,,,) is dependent on the concept of a VO,-
plateau. The regulated skeletal muscle function model of Noakes (1998) does not
accommodate the plateau phenomenon therefore a measure of %VO;,,,,, in terms of

performance and threshold is not applicable.

Endurance performance is measured as the time to complete a fixed distance, and each
competitor completes the distance in their fastest time. Consequently, time to complete the |
race varies from the fastest time of the winner to the slowest time of the final competitor.
Notably, Horowitz et al. (1994) and Coyle et al. (1991) assessed the performance related
responses of groups of cyclists with similar VO,,... (Lmin™). Horowitz et al, (1994) found
that the %VO,,,, maintained during a laboratory based 40-km time trial was similar
between groups, however Coyle et al. (1991) found that elite cyclists maintained a higher
%VO,p during a laboratory based 1-h cycling time trial There appears to be no
-mformatlon available concermng the effects of usmg a ﬁxed time trial ride (Coyle et al.,
1991) compared with ﬁxed distance race (Horowrtz et al., 1994) to assess performance |
related responses of cychsts durmg th1s type of test Ramsbottom et al. (1992) argued that
during a lab-based 5-km runnmg t1me trial, 'oxygen consumptlon at race pace dlctated
running performance irrespective of the %VOz,m it represented' (p 10) and that tnme to
complete a fixed distance race was dependent on the runmng speed/power output at VO,
maintained durmg the race. Coyle etal. (1983 1988) argued that time to fatigue in hlghly
trained competltors exercrsmg above threshold was dependent on the difference between
performance VO, and VO2 at threshold and therefore ‘was not dependent on VOzm,x
Furthermore, Lucia et al. (1998) postulated that endurance performance in profess1onal
cyclrsts was not related to VOzw but the combmatlon of a hlgh W at VOz,m and a hlgher

absolute and relatlve power output and VO2 at threshold.
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It is generally believed that maximal performance is limited by the maximum rate at which
the cardiovascular system (central factors) can supply active muscles with oxygen (Bassett
and Howley et al., 2000). However endurance events are not completed at 100% VO,
therefore at sub-maximal exercise intensity perfofmance is limited by the maximum rate at
which the active muscles can use oxygen (peripheral factors). Wood (1998b) considered
the key determinants of endurance running and explained that the ability to maintain a high
running speed during field based races is dependent on an individual's oxidative capacity

and not VO,,,..

Wood (1998b) described 6xidative capacity as "the ability of a muscle to use oxygen at a
high rate" (Wood, 1998b, p. 51) and explained that inter-individual differences in oxidative
capacity were dependent on concentrations of key aerobic enzymes (Coyle et al., 1988) and
relative proportion of type I muscle fibres within the active muscle (Coyle et al., 1988; Ivy
et al., 1980). There appears to be no consensus available concerning the assessment of
oxidative capacity, however Wood (1998b) argued that oxidative capacity determines the
power output or running velocity which can be maintained during a race (usually expressed

as a %W, or %VO0,,,.).

1.2.2.1 THRESHOLD CONCEPT OF ENDURANCE PERFORMANCE

The threshold concept has been éxténsively studied (Cabrera and Chizeck, 1996; Heck et
al., 1985) and reviewed (Antonutto and di Prampero, 1995; Hagberg, 1984; Spurway,
1992; Walsh and Banister, 1988) and there is a plethora of literature available concerning
the identification and application of threshold phenomenon (Billat, 1996; Londeree, 1997).
The development of the lactate threshold paradigm has been based on the asSumption that
the ‘threshold' level of performance représents an 'optimum' training and competitive
éxercise intensity (Billat, ‘1996; Londerree,v 41997) and is the single most important
determinant of endurance perfohnance ability (Coyle, 1995; Tanaka, 1990). For the
purposes of this thes{s, a' threshold exercise irlxtehsityrwill be déﬁnéd as the point of
transition bétween a condition of relative homeostasis ‘to non-homeostasis. In the
homeostatic cbnditioh factors which contribute to fatigue remain relatively stable andina

non-homeostatic condition these factors are increasing.
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1.2.2.1,1 Lactate threshold

Since the early work of Margaria et al. (1933) exercise physiologists have known that an
increase in blood lactate concentration during a graded exercise test is indicative of
metabolic stress, and that the accumulation of lactate within the working muscle is a
contributor to the onset of fatigue. It was not until the late 1960's and 70's that the term
threshold was popularised by Wasserman and co-workers (for review see Wasserman et al.,
1979) and the term threshold of anaerobic metabolism was introduced by Wasserman and
Mcllroy (1964) to describe fhe ‘point of 'transition' from’ predominémtly aerobic to
predominantly anaerobic metabolism (see Antonutto and di Prampero, 1995). The term
‘anaerobic threshold' has become a poptilar method of describing the sudden and continued
increase in blood lactate cyoncventration during progressive exercise, however Wasserman
ahd colleagues (1983; 1990) described the anaerobic threshold as the point at which
hyperventilation occurred during progressive exercise in response to a marked increase in

blood lactate concentration.

Jones and Doust (1998) defined the maximal lactate steady state (MLSS) phenomenon as
"the highest blood lactate concentration at which a balance exists between the rate of
appearance of lactate in the blood and the rate of removal of lactate from the blood" (p.
'1304). Several authors (Carter et al., 1999; Jones énd Doust, 1998) have suggested that at
exercise intensities below MLSS, energy is provided mainly from the processes of aerobic
metabolism, however at exercise intensities above MLSS, a greater contribution to overall
energy production is provided by anaerobic metabolism. At exercise intensities above
I\)/ILSS physiological variables such as blood lactate concentration (mmol-L™), VO? (L'min’
" and V; (L-min™") and do not attain a steady state condition but continue to increase to the
point of fatigue. At exercise intensities below MLSS, VO, (L'min*) and Vg (L'min™)
remain relatively stable and blood lactate either remains at a relatively stable concentration
or declines over time (Jones and Doust, 1998). Consequ¢ntly, several authors (Jones and
Doust, 1998; Carter et al., 1999) have suggested that exercise intensity at MLSS is the key

determinant of endurance performance.

Previously, the use of the term 'anaerobic' threshold suggested that the increase in blood

“lactate concentration observed during a progressive exercise test was due to muscle
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hypoxia and the supply of eneréy via anaerobic pathways (Katz and Sahlin, 1990). It is
now widely accepted that the sudden increase in blood lactate concentration observed
during progressive exercise is not due to hypoxia but is influenced by changes in substrate
utilisation (Crowley et al., 1996) patterns of motor unit recruitment (Davis et al., 1983)
hormone-mediated effects on glycogenolysis and glycolysis (Pokan et al., 1995; Young et
al., 1991) and reduced lactate production to removal ratio (Donovan and Pagliassotti,b
| 1990). The exact underlying mechanism(s) responsible for the lactate threshold
phenomenon is/are unclear, possible mechanisms ‘have been reviewed in detail by Walsh
and Bannister (1988) and Stainsby and Brooks (1990) therefore these articles oan be used

as a reference point for the reader who wishes to investigate these issues further.

In order to avoid confusion when using the term 'anaerobic', Farrell et al. (1979) introduced
the term 'onset of plasma laetate accurnulation (OPLA) to describe the threshold
“phenomenon and lactate kinetics observed during a progressive incremental exercise test.v
The term onset of blood lactate accumulation (OBLA) was introduced by Jacobs et al.
| (1981) to define the exercise intensity at which blood lactate concentration reached 4
mmol- L' Notably, exercise intensity at 4 mmol L' was significantly higher than the
intensity defined by OPLA (Farrell et al., 1979). Therefore, in order to provrde a clear
distinction between each method of 1dent1ﬁcat10n Coyle and co-workers 1ntroduced the
term 'lactate threshold' (LT) to define the exercise 1ntens1ty at which blood lactate
mcreased 1 mmol'L" above baseline blood lactate level. This point of identification was
similar to the intensity designated by OPLA (Farrell et al., 1979), however CoYle (1995)
explamed that VO, at LT 1nten51ty was about 5% higher than VO2 at OPLA, as this new
' deﬁnltlon of 'threshold' coincided closely with the self-selected pace of runners dunng a

Marathon race. N

Throughout the past two decades various authors (for review see Brllat 1996) have
developed new methodologres and terms to 1dent1fy and deﬁne a 'threshold’ exercrse
1ntens1ty Table 2 lncludes several terms that ex1st in the literature to define various
threshold values recorded durmg progressrve exercise tests. Assessments of a 'threshold“
exercise mtensrty have typlcally involved i invasive measures of blood lactate concentration

however non-invasive measures of ventilation and heart rate have also been used to
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designate a threshold level of performance. For the purposes of this thesis non-invasive

measures of ventilation and heart rate threshold are not considered.

- Table 2. Terms used to define threshold changes in blood lactate concentration.

Definition (abbreviation) and designation

Lactate threshold (LT): VO,, power output and HR recorded during an incremental
exercise test at the point when blood lactate concentration is 1 mmol-L" above the

baseline blood lactate level (Coyle, 1995).

Lactate threshold (TLac), also described as the ‘aerobic’ threshold and onset of plasma
lactate accumulation: VO,, power output and HR at the point when an abrupt increase in

iactate concentration is recorded above baseline blood lactate level (Farrell et al., 1979).

Lactate threshold (D,.): VO, power output and HR at the point on a blood lactate
response curve which is the maximum distance from a straight line formed between the

two end points of the curve, (Cheng et al., 1992).

Lactate turning point (LTP), also described as the ‘anaerobic’ threshold: VO,, power
output and HR at the point when a second abrupt increase in blood lactate concentration is

recorded above baseline blood lactate (Davis etal., 1983).

Onset of blood lactate accumulation (OBLA), also described as the ‘anaerobic’ threshold:
VO,, power output and HR at which blbod lactate reaches a fixed concentration of 4

mmol-L" (Jacobs et al., 1981).

Individual anaerobic threshold (IAT): VO,, power output and HR at the point when the
increase of blood lactate is peak and equal to the rate of diffusion of lactate from the

exercising muscle, (Stegmann et al., 1981).

Lactate minimum point (LMP): VO,, power output and HR corresponding to the
minimum blood lactate concentration determined during an incremental test completed

after a bout of intense exercise which induced lactic acidosis, (Tegtbur etal., 1993).

Maximal steady-state of blood lactate level (MLSS): VO,, power output and HR which
correspond to the highest exercise intensity at which blood lactate concentration does not
change more than 1 mmol'L" between 10 and 30 min of exercise (Bencke and von

Duvillard, 1996; Jones and Doust, 1998).
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A wide range of testing methods have been developed to identify and quantify a threshold
- exercise intensity. Widely accepted methods of determining blood lactate thresholds are
described in the British Association of Sport and Exercise Sciences guidelines for the
physiological testing of athletes (Bird and Davis‘on, 1997). The lactate minimum test by
Tegtbur et al. (1993) is a relatively new method used to determine a blood lactate
threshold. The development of the Lac,,;, test originated from the earlier work of Davis and
Gass (1979, 1981) and Davis et al. (1983) who investigated the effects of performing an
incremental test during lactacidaemia on blood léctate and ventilatory résponsé. Notably -
Davis et al. (1983) found that the occurrence of a ventilatory threshold‘ duﬁng the
incremental test pérformed during lactacidaemia coincided with a second>abrupt increase in

blood lactate concentration (LTP).

Tegtbur et al; (1993) referred to thé work of Davis and co-workers (1979, 1981, 1983) in
‘order to develop a new indirect method to predict maximum lactate steady state (MLSS) as
well as an objective assessment of anaerobic threshold intensity during running. Tegtbur et
al. (1993) described the equilibrium point between a decrease and increase in blood lactate
concentration recorded during an incremental running test initiated during lactic acidosis as
the lactate minimum speed (V@LMP) and the term lactate minimum test was used to
“describe the procedure. Although the basic concept of the testing proiocol of Davis and
colleagues (1979, 1981, 1983) was applied to the lactate minimum test, Tegtbur et al.
(1993) adapted the test to accommodate the methodolbgical restrictions imposed by
treadmill testing and the need to use a discontinuous incremental protocol for the collection
of blood samples during running. The testing protocol of Tegtbur et al. (1993) involved
two sprint tests to induce lactacidaemia followed by a rest period of 8 min walking. |
Starting intensity for the incremental test was based on data collected during an habituation
trial and was dependent on the fitness level of the athlete. Running speed was increased by
0.33 m's™ to the limit of tolerance and the duration for each incremental stage was 800 m
distance and therefore the duration of each stage varied between subj.ects. Blood lactate

samples were collected on completion of each increment during a 30-s rest period.

Brennan et al. (1996) adapted the lactate minimum test in order to determine LMP in

cyclists and used a similar method to Davis and Gass (1981) and Davis et al. (1983).

43



Cyclists performed a Kingcycle peak aerobic power test (PP) immediately followed by a 5
min active recovery period. The second part of the test involved a progressive ramp
protocol initiated at the same work rate of the PP test (either 200 or 250 W depending on
the subject's body mass and ability) and ramp 'rate for the test was 6 W-min™. Blood
samples were collected at 2.5 min intervals throughout the second test for the

determination of LMP.

1.2.2.1.1.1 Factors which affect lactate threshold

Numerous studies have investigated the various factors wbich directly affect lactate
threshold (for review see Billat 1996) Coyle (1995) suggested that dnring high inrensity
endurance performance, \702 at LT sets the limit of ‘%VOZM Which can be sustained for
the duration of the eVent In support of this, mean %V Oy malntalned durmg al-h
laboratory based performance ride by elite cyclists was 14% (0.55 L-min h above VO2 at
LT (Coyle et al 1991) Endurance tramrng increases TLac when expressed as AVOZW
absolute workload (Davis et al. 1979; Denis et al. 1984) and investigators have attnbuted
changes in VO, and power output at TLac to:- an increased rate of lactate clearance (Coyle
1995; Mazzeo et al 1986); decreased catecholamine secretion durmg exercise (Brooks
1991); an improvement in the distribution of power output and technique (Coyle, 1995);
-and increased O, delivery to the working muscles as well as a greater oxidative capacity

through adaptations in mitochondrial function and content (see Gollnick et al., 1986).

Coyle et al. (1988) assessed the relationships between VO, at TLac and a wide range of
selected physiological and morphological variables. Notably, percent type I muscle fibres,
muscle capillary density and years of endurance training were the best predictors of VO, at
TLac in a group of well trained endurance cyclists. It was suggested that increases in TLac
in response to training were strongly influenced by muscle capillary density, which in turn
correlated to years of endurance training. It was hypothesised that a larger muscle capillary
density increased VO, at TLac due to an improved rate of diffusion of lactate from the
active musc]e Aunolo and Rusko (1992) observed that the ratio of slow-twitch to fast-
twrtch muscle fibres in the vastus lateralis affected blood lactate response during
progressive exercise. Subjects with a high percent slow-twitch fibres showed a reduced
blood lactate response compared with subjects vivith'a bigh percent fast-twitch fibres.

e
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Consequently subjects with high percent Type I fibres attained a higher power output and
%V O, at TLac. Coyle (1995) suggested that power output at TLac' can be affected by
mechanical efficiency. It was argued that endurance athletes can attain a high power output
and VO, at TLac through the recruitment of a relatively high number of muscle ﬁbrés
during high intensity exercise. Furthermore, Coyle et al. (1988, 1991) and Horowitz et al.
(1994) found that mechanical efficiency in endurance cyclists was highly correlated with a

high percent Type I fibre composition.

Mayes et al. (1987) found that 6 weeks of endurance training significantly increased
VO,...., but did not increase capacity to exercise at a high relative exercise mtensxty Denis
et al. (1984) suggested that %VO,,,, at TLac only increases relative to VO,,,,, when VO,..,,
has stabilised. Billat (1996) suggested that changes in TLac are influenced by the genetic
characteristics of the athlete and vargued that the range in which the relative threshold can
shift is cohtrolled by the ratio of slow twitch to fast twitch muscle fibres in the active
musculature. It was concluded that an individual's response to endurance training in terms
of their %VO,,., and power output at TLac may be pre-determined by their fibre type

composition.

1 .2.2.1 A .2 Values for Iactate threshold

Values for VO, (expressed as %V0,,,) at TLac and lactate tummg point (LTP) in trained
cyclists have usually ranged between 40-65% for TLac (Massé-Biron et al. 1992; Yoshida,
1984; Ydshida etal. 1987) and 72-86% for LTP (McClellan and Cheung, 1992; Quirion et
al. 1988; Seburn er al. 1992; Tokmakidis and Leger, 1995; Yoshida, 1984). Values for
power output at TLac and LTP have ranged from 63% W, for TLac (Maassen and Busse,
1989) to 72-79% W, for LTP (Hofmann et al. 1992; 1994; Massé-Biron et al. 1992;
Maassen and Busse, 1989; Yoshida, 1984). Notably, Yoshida (1984) reported that HR at
TLac was 58% maximum heart rate (%HR_,,) and Hofmam et al. (19-92; 1994) calculated
that HR at LTP was about 90% HR_,,. -

1.2.2.2 ECONOMY OF MOVEMENT AND GROSS MECHANICAL EFFICIENCY
During cycling exercise, economy is a measure of power output (W) generated relative to

energy expenditure measured from VO, (Coyle, 1995). Economy is expressed as watts
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produced per litre per min oxygen consumed [(W-VO, (L-min™)]. Gross mechanical
efficiency is the percentage (%) of power produced relative to total energy expenditure
when the total energy expenditure (kcal'min™) is calculated from steady-state VO, and

~ respiratory exchange ratio (RER), (Gaesser and Brooks, 1975).

Several authors (Coyle, 1995, Horowitz et al., 1994; Joyner, 1993; Olds et al., 1995)
have suggested that economy and gross mechanical efficiency are key determinants of
endurance performance ability. In agreement with this supposition, Anderson (1996)
evaluated the effect of running economy on successful endurance performance and
concluded that "at higher' levels of competition, 'natural selection' tends to eliminate
athletes who fail to either inherit or develop characteristics which favour economy" (p. 77).
Horowitz et al. (1994) observed a significant difference in economy and gross mechanical
efficiency between cyclists matched on i) pefformance VO,, ii) VO, iii) VO, at lactate
threshold and iv) years of endurance training. Each group had significantly different
muscle fibre composition and higher values for power output, economy and gross
mechanical efficiency were recorded in cyclists who exhibited a high percentage of Type I
muscle fibres (344 W, 77 [(W-VO, (L'min™)}, 22.1% for high %Type I and 314 W, 70
[(W-VO, (L-min)}, 20.3% for normal %Type I). It was concluded that cyclists with a
relatively high percentage of Type I muscle fibres display at least a 9% greater

performance ability than equally trained cyclists with normal fibre type composition. -

1.2.2.2.1 Factors which affect economy and gross mechanical efficiency

"The effect(s) of endurance training on economy and gross mechanical efficiency of cycling
is(are) unclear. Coyle (1995) explained that improvements in gross mechanical efficiency
were influenced by the cyclists' ability to recruit a larger amount of muscle mass during the
exercise movement. It was suggested that the recruitment of a larger volume of muscle
resulted in an increase in the distribution of power output. Although the exact
mechanism(s) responsible for the increase in economy and efficiency is(are) not known.
Coyle (1995) postulated that a greater recruitment of muscle allows the active fibres to
maintain a lower relative work rate and reduce the work rate per muscle fibre, consequently
the individual energy requirement of each fibre is reduced. Coyle et al. (1988; 1991) found

that years of endurance training was highly correlated with %VO,,,, at TLac and
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endurance performance during a 1-h time trial. It was proposed that an increase in muscle
fibre recruitment and distribution of power output was a learned response over time.
Therefore, cyclists with about 5 years cycling experience were able to produce a higher
power output relative to O, consumed and had a high gross mechamcal efficiency

compared with less experienced cychsts :

Coyle et al. (1992) investigated kvarious physiological factors which affect economyrand
gross mechanical efficiency during bicycling and showed that a relativelyvhigh percentage
of slow-twiteh musele fibres is highly correlated with gross meehanical efficiency during
cycling performanee; Similarly, Horowitz et al. (1994) suggested that eyEIisfs with a low
level of performanee VO, and VO, at LT but with a hi‘gh’ pereentage of type I r{nusclei fibres
maintain a high perforrnance power due to their high level of eednomy ‘and gross

mechanical efﬁciency. Inreresringly, Merrill and White (1984) found that gross mechanical

efficiency during bicycling decreased from 25.6% to 21.2% with an increase in pedal speed

from 60 to 90 rev-min™. Gaesser and Brooks (1975) suggested that increased recruitment of
inefficient fast-twitch muscle fibres at higher pedal rates could explain the observed |

decrease in gross mechanical efficiency.

Very few studies have considered the effects of training-induced changes in respiratory
muscles on improvements in cycling econorny and efficiency. Aithough there is strong
evidence to suggest that respiratory muscle training does not 'improve rnaxirnal exercise
performance (Fairburn et al., 1991; Morgan et al., 1987) and that maximal ventilation is
not limited by mechanical constraints (Mota et al., 1999), Caine and McConnell (1998)
recorded an increase in sub-maximal kcycling performance following a resistive respiratory

muscle training program.

I 2.2.2.2 Values for ecortomy and groes mechamcal efficiency |

Several authors have measured economy and gross mechanical efﬁcrency of endurance
cyclists during cycling exercise. Coyle et al. (1991) and Horowitz et al. (1994) reported '
that the nverage economy of elite cyclists during e 1-h time trial performance ride was ~76
(W -VO, (L'min™)). Hickey et al. (1992) found that the econorny of competitive Icyclists
during a 105 min performance ride averaged 70 [(W-\'/O2 (L-min™)] and El-Sayed et rzl.
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(1997) calculated that the economyof trained cyclists during a 1-h time trial averaged 68
[(W-VO, (L'min™)]. Nickleberry and Brooks (1996) reported that mean gross mechanical
efficiency calculated for competitive cyclists (n = 6) was ~ 22-23% and Pugh (1974) found
that gross mechanical efficiency for cycling was ~ 22% at high work loads (400 W) which
decreased to ~ 17% for low levels of power (~100 W). Similarly, Nickleberry and Brooks
(1996) showed gross mechanical efficiency was ~ 15-18% at loW power outputs (50-100
W) when compared with ~ 22% at higher power outputs (250-300 W).

1.2.3 ROLE OF GENOTYPE

Various authors (for Teview see Bouchard et al., 1992) have consxdered the effects of
genotype on endurance performance Although earller studles by Hamel et al. (1986) and

Prudhomme et al (1984) suggested that changes in VO2rnax in response to training were ~

65-80% genotype-dependent, Bouchard et al. (1992) argued that the effect of genotype had
been overestimated and suggested that endurance training can increase VO,q,, by ~25%
and that training indiced changes in VO,,.., were ~ 40-60% genotype-dependent. The
authors concluded that the magnitude of the increase in VO,,,, was dependent on:- the
initial level of fitness of the athlete and the training programme completed by the athlete. It
is worth noting that Bouchard et al. (1986) argued that genetic factors have a stronger

affect on oxidative capacity than VO,,,, and Hamel et al. (1986) postulated that early :

adaptations to endurance training (over a period of ~ 6 to 12 months) were under less
genetic control when compared with late improvements and that when an athlete
approaches maximal trainability, determinants of successful endurance performance are

more genotype-dependent.

Bouchard and Lortie (1984) explained that the performance ability of an elite endurance
athlete is the integration of; prior endowment, a suitable and adequate endurance training
program and genetic characteristics which make him/her responsive to high levels of

endurance training.

1.3 | SUMMARY

This chapter considered physiological factors which are associated with endurance

performance ability, Although the precise mechanisrn(s) which limit endurance’
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performance is/are unclear, several models have been developed to discuss the importahce
of physiological variables such as VO,,,,, threshold excrcise intensity and economy and
efficiency. Coyle (1995) considered the interrelationships between these factors and put
forward an integrated model to describe the determinants of performance (see Figure 1).
Studies which have assessed interrelationships between these variables have found that |
when compared with more traditional assessments of endurance performance ability such
as VO, and VO, at threshold, maximal/peak aerobic power also described as maximal
muscle power can also be used to predict endurance performance. In support of this,
Noakes (1998) argued that exercise - performance during maximal and sub-maximal
exercise is determined by skeletal muscle functi_ori and not dependent on the attéinment of

high values for VO,..., VO, at threshold or %V0,,,,, maintained at race pace.
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CHAPTER 2

2 EFFECT OF AGE ON DETERMINANTS OF CYCLING
PERFORMANCE

2.1 INTRODUCTION

Ageing has been described as universal, decremental, progressive and intrinsic (Menard
and Stanish, 1989) and the morphological and physiological conditions which constitute
ageing are considerable and complex. In order to study the effects of ageing on physical
performance investigators have assessed changes in muscular strength (Bemben, 1998;
Frontera ez al., 1991), skill acquisition and motor control, (Etnier and Landers, 1998),
anaerobic power (Chamari et al., 1995; Ferretti et al., 1994; Grassi et al., 1991) and
endurance performance (Joyner, 1993). For the purposes of this review, age-related

declines in physiologic function which affect determinants of endurance performance are

considered.

In order to examine the effects of ageing on physiologic function and exercise performance
capacity studies have used cross-sectional (Hagberg et al., 1985; Heath et al., 1981; Millar, |
1978).and longitudinal (Astrand et al., 1997; Kasch et al., 1995; _Polloek et al., 1997,
Trappe et al., 1996) methods of investigation. Cross-sectional studies have the advantage
of requiring less time and fewer resources, however choice of subjects may be heavily
influenced by experimenter bias and not represent the subject population. To examine
cross-sectional age-related deeiines in exercise performance authors have either studied
large groups of athletes'(Kavanegh and Shephard, 1990; Seiler e al., 1998) matched
subjects in terms of type of sport/training intens'ity, frequency and duration (Fuchiket al.,
1989; Hagberg et al., 1985; Heath et al., ‘1981' Rivera et al., 1989) or compared older

athletes with sedentary age—matched controls (Hagberg et al., 1998; Stevenson et aI
1994) ' ’

A recent paper by Seiler et al. (1998) has highlighted a sxgmﬁcant problern associated with
the analysis of cross sectional data. This was shown by examining the relatlonshlp between

age and performance time for a group of 2487 male subjects dunng an annual indoor
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rowing competition. The age of the subjects ranged from 24-93 years. Analysis of the data
revealed a weak relationship between age and performance time (r = 0.56). However When€
the top performers for each 2 year increment were identified and selected out, analysis of
the data showed a strong relationship between age and performance._time (r =0.91). The
authors postulated that age contributed more to the decline in endurance performance in
elite rowers compared with mixed ability rowers. It was concluded that performance times
obtained from large ohnibors of sobjeots across all ages can be sighiﬁcantly influenced by
differences in  physical stature,  inherent endurance capacity, training habits, and

competitive desire.

Longitudinal methods of analysis may provide a more valid assessment of structural,
physiological and functional changes associated with the ageing process ‘however,
Stamford (1988),> highlighted ‘inherent methodological problems associatod with the
collection and interpretation of longitudinal data. These include:- isolation of the effects of
ageing from other confounding factors; control and assessment of habitual activity during
the period of the study; appreciation of the effects of chronic disease and illness on exercise
performance capacity; subject mortality; accuracy of measurements of exercise
performance capacity such as VOynus reliability‘of equipment used to measure variables; ,k
and extrapolation of changes across intervening periods of time. Also exercise peffotmancé
criteria such as field based personal best time may be influenced by extemal factors such as

weather conditions, use of equ1pment and topography

2 2 THEORIES OF AGEING

The exact underlying mechanism(s) responsxble for age-related dechnes in physiologic
function is/are not known and it is beyond the scope of this thesis to review the available
literature concerning the various theories which have been developed to explain the ageing
process. Briefly, theories to explain the ageing process have included the 'free radical’,
'biologic clock' models and the ‘genetic error' concept. The postulate that ageing is the
result of error in the transcription of DNA has been discussed invdetairl olsewhefe (Miquel, |
1991) and the concept that ageing is under genetic control (biologic clock coﬁcept) has
been considered by Robergs and Roberts (1996). Also, Merry (1999) recently discussed th_e :

theory that longevity is increased when calorie intake is restricted and hypothesised that an
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increase in lifespan was due to a decrease in free radical production. Conseqnently, damage
to cellular components particulaﬂy mitochondrial protein and mtDNA was reduced.
Robergs and Roberts (1996) concluded that ageing results from both internal and extefnal
factors and that death occurs due to the effects of external environmental forces such as

infection and injury which can not be tolerated by the elderly individual.

2.3 ENDURANCE PERFORMANCE

There is very little information available concerning the decline in endurance performance
associated with ageing. Numerous investigations (for ;eview see Stamford, 1988; Spina,
1999) have assessed the endurance capacity of older athietes and sedentary individuals
during progressive short term maximal exercise, however very few studies (Fuchi et al.,

1989; Grogan et al., 1991; Seller et al., 1998) have considered the effects of ageing on

actual competitive endurance performance

An example of the decline in endurance performance ability with age is clearly’ shown in
Figure 2. The Tour de France cycling race normally consists of 21 stages which take place
ever a three week period (~ 100-h of competition) during which cyclists are required to
cover over 3500 km of level, uphill and downhill ferrain (Lucia et al., 1999; Padilla et al.,»
1999). It is very likely that cyclists who are able to win this extreme fest of physical
- performance possess morphological and physiological attributes which represent the limits/
of human potential therefore the finding thth the highest number of Tour de France kwinners |
were aged 29, indicates that factors which affect performance are in decline beyond this

age.

~ Various authors (Fuchi et al., 1989; Grogan ét al., 1991; Joyner, 1993; McArdle et”al.',‘
1991) have considered the effects of ageing on endurance performance time. Fuchi et al.
(1989) estimated that the decline in running speed expressed as lO—km run velocity (m-min” |
") was 6% per decade for male runners (n = 49) aged between 30 to 80 yr Grogan et al. :
(1991) used United States age records for 5-km, 10-km and Marathon runmng disﬁances to
calculate an age-felated rate of decline in running velocity. A mathematicel function was
developed which predicted the highest achievable speed for each distance for runners aged

between 30 and 90 yr. Analysis of the data revealed that in comparison to 10-km
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performance time at 30 yr of age, declines in performance velocity would be 0.6% at age
40, 7.7% at age 50, 21.4% at age 60, 41.7% at age 70, 68.5% at age 80, and 101.8% at age
90. The authors also estimated that a faster rate of performance decline would occur during

shorter running distances of 5-km and 10-km when compared with the Marathon.

Number of winners

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Age (yrs)

Figure 2. Relationship between age and number of cyclists who have won the "Tour de

France' cycling stage race (data from Cycling Plus, 1997)

Seiler et al. (1998) assessed the age-related decline in performance power (watts) during a
2500 m indoor rowing competition and calculated an averége decline of 3.25 watts per
year. Notably when the decline in performance of the top 2.5% of competitors was
analysed data revealed a drop of performance power of 4 watts per year. The rate of decline
in power output was slower frcm ages 30-55 and faster after the mid. 50s. The overall rate
of performance decline equcted to ~ 13% per decade with no difference in rate of decline

for 800- and 10,000-m races.

‘For the purposes of this reQiew the effect cf age on cycling endﬁrancc performance was
investigated. Road Time trial Council (1997) age records for 16.1-, 40.2-, 80.4-, and 160.9-
km distances were compared and Table 3 shows the pcrccntage change in cycling time trial
perfonﬁancc was consistent across eéch distance at each ége. Thc decline' at‘age 40 was

relatively smail (~ 4%) and the decline in a‘}crage speed bctwccn 50 and 60 years of age
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was about 2%, however a dramatic decrease in speed occurred at the ages of 70 and 80.
Figure 3 highlights the age related decline in cycling speed during individual cycling time

trial races.

Measurement of changes in ‘.cycl’ing speed may not provide a valid assessment of
physiological declines in performance. Seiler et al. (1998) pointed out that power is a third-
order polynomial function of velocity when moving through air, therefore "the change in
muscular power output and the corresponding change in movement velocity of an object
moizing through air or water is not linear because of the exponential relationship between
movement velocity and the resulting drag force acting on the object" (p. 126). At low
power outputs a reduction in absolute power output due to the physiological effects of
ageing will have a large affect on performance time, however at high power outputs a
similar reduction in power will result in a relatively small change in performance (Seilef et
al., 1998). It is worth noting that the relationship between power and speed will be specific
to each individual (di Prampero et al., 1979) therefore the measurement of power output
maintained during endurance performance races would provide a more valid assessment of
égé-related physiological decline. Unfortunately, there is very little information available
concerning age-associated declines in laboratory or field based endurance performance

power.

Table 3. Percentage change in average speed for RTTC competition records achieved

during field based cycling time trials (data from RTTC, 1998) =

Distance - | Senior record | Age (yr) -
(km) | (Ckmh?) .

40 - |50 160 ¢ 170 80
161 |52.03 40* |106 1124 232 36.2* .
02 (5225 |48 o | 123 243 a6
80.4 - |4931 4.1 78* 128 - 257 - | 457
160.9 {4631 4.3* -1 9.5* 13.3% 20.5 47.5*

denotes estimation from interpolation of age record when value not provided by RTTC

Percentage changes for a given age were calculated by dividing the competition record by the ége
record and multiplying by 100
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Figure 3. England and Wales road time trials council age records for field based cycling

time trial performance (data from RTTC, 1998).

2.4 BODY COMPOSITION

Longitudinal studies (Marti and Howald, 1990; Pollock et al., 1997; Trappe et al., 1996)
have assessed the percentage body fat (%BF) of senior and veteran athletes and found that
%BF increased with age. Although a longitudinal study by Rogers et al. (1990) found no
change in the %BF of veteran athletes who were assessed over a ten year period (mean age
for test 1 was 60 yr) and a cross sectional study of Fuchi et al. (1989) reported that there
was no change in %BF with an increase in age. Grassi et al. (1991) completed a cross-
sectional comparison of %BF values recorded between senior and veteran competitors and
found a progressive increase with age. Several cross-sectional studies have recorded higher
values for %BF in veteran athletes when compared with senior competitors (Coggan et al.,
1990; 1993; Proctor et al., 1995; Proctor and Joyner, 1997) whereas others have found no
difference between seniors and veterans (Hagberg et al., 1985; 1988; Heath et al., 1981;
Minson and Kenney, 1997) however values for %BF reported for veterans athletes have
consistently been lower than age matched sedentary individuals (Hagberg et al., 1985;

1988: Heath et al., 1981; Rosen et al., 1998).
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Anthropometric analysis of senior racing cyclists has shown that endurance cyclists exhibit
ectomorph body type characteristics (Foley et al. 1989) and reported values for %BF in
semor competltors have commonly ranged from 8-15% of body mass (Burke, 1980;
Johnson etal. 1985 ‘Tanaka et al. 1996; Ryschon and Stray-Gundersen 1991; El- Sayed et
al. 1997). In the recent studies of Lucia ef al. (1998) and Wilber et al. (1997) %BF was

estimated to be between 4.7 and 8.3% for profess1ona1 and elite senior cyclists.

Possible reasons for an age associated increase in %BF include a decrease in basal
metabolic rate (McArdle et al., 1991) attributed to a loss of muscle mass (Piers et al., 1998)
and a decline in habitual physical activity (Pollock et al., 1997; Trappe et al., 1996).
Notably, Trappe et al. (1996) used a longitudinal study to investigate changes in %BF of
highly trained athletes who maintained a high level of training for 22 years compared with

untrained individuals who maintained a low level of habitual physical activity for the same

time period. Percentage BF increased from 8.7 to 21.6%, in the group with a low activity |
level, however it increased from 7.4 to 12.6% in the trained group. Further evidence to k
support the postulate that physical activity affects body composition was observed in a
" third group who maintained a moderate level of activity during the 22 year period; in this
group %BF increased from 10.4 to 17.8%. Changes in physical activity appear to be the
primary reason for the increased %BF reported in elderly populations. However different
~ methods have been used to estimate %BF, therefore inter-study differences concerning -
equipment and techniques used to assess %BF need to be considered when comparisons -

are made between studies (Clarys et al., 1987).

Several authors have suggested that int:reases in '%BVF relative to voveralllxhodykrnass are
representatxve of a decrease in fat free mass (McArdle et al., 1991 Stamford, 1988). ,'
| Therefore, in order to account for age-related changes in body composmon research have
expressed VOZ,,,,x in terms of mLkg ‘min” or mL ngFM mm (see Stamford 1988) ‘
Various authors (Davtes et al., 1995; Heil et alk.,‘ 1997b; Neville et al., 1992; Nevrlle and -
Holder,i 1995; Welsxnanr et al, 1996) have highlighted  the methodological problems |
associated with ratio scaling and advised. the use of allometric scaling when nonnalistng

VO, for differences in \body size. Although t‘his‘ method has been applied to the‘sttldy of ‘
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development investigators have not applied similar scalmg procedures to the study of age

assomated dechnes in max1mal exercxse capacity.

2.5 MAXIMUM OXYGEN UPTAKE

As previously discussed in chapter one of this thesis, maximal oxygen consumptlon is av
key determinant of endurance performance, therefore declines in VO,,,, recorded in elderly
subjects are also associated with a reduction in exercise performance'capacity. Numerous
studies have measured VO,,,, of sedentary and athletic populations across age groups and

various authors have measured longitudinal age-related changes in VO,,,,.

Longitudinal studies Which have measured the decrease in VO,,,,, with age have found an
average absolute decline of 0.033 L-min" per year for an age range of 15-75 yr (Marti and
Howald, 1990; Pollock et al., 1997, Trappe et’al., 1996; Rogers et al., 1990). Several
authors have suggested that a sharper decrease in VO, occurs beyond the age of 60. For
instance Pollock et al. (1997) found no dvifference in VO,,.., of endurance runners who
maintained a high level of training between the ages of about 50 and 60 yr (see Figure 4).
However between 60 and 70 yr of age there was a large drop in VO, regardless of
training. The authors argued that high levels of endurance training do not attenuate the age-
related decline in VO, Trappe et al. (1996) used a longitudinal study to investigate the
relationship between physical activify and age-related declines in VQZm. Analysis of the
absolute rate of decline in VO, aehieved by athletes who maintained hi-gh levcls of
training durihg the period of the sfudy comeared with athletes who maintained moderate

levels of training showed there was no significant difference between groups (see Figure 4).

It is worth noting that the average absolute decline in VO, of 0.034 me yr
calculated from cross- sectlonal studies of tramed young and old individuals (Allen et al,,
1985; Aminoff et al., 1996; Coggan et al., 1990, 1993; Fuchi et al., 1989; Gnmby» and
Saltin, 1966; Hagberg et al,, 1985; 1988; 1998; Heath ef al., 1981; Massé-Biron e al.,
1992; Overend et al., 1992; Posner et al., 1987; Prefaut et al., 1994 Proctor and Joyner,
1997; Proctor et al., 1995; 1996; 1998; Rivera et al, 1989) is very similar to the averagek
absolute decline in VO, of 0.033 L-min™yr' calculatedv from longitudinal studies of

athletes who maintained high levels of training for a long period of time (Marti and
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Howald, 1990; Pollock et al., 1997; Trappe et al., 1996; Rogers et al., 1990). The range of
values for the rate of decline in VO, from cross sectional studies was calculated as
0.017 L'minyr" (Aminoff et al., 1996) to 0.069 L-min"-yr' (Grimby and Saltin, 1966)
and from the longitudinal studies was 0.018 L-min™yr" (Trappe et al., 1996) to 0.047
L-min'l'yr'1 (Pollock et al., 1997).
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Figure 4. Longitudinal decline of VO, mL-kg’l-min'1 and mL-ngFM"-min", assessed
in athletes who maintained a high level of high (HT) and moderate (MT) level of training
over a 20 year period (data from Trappe ef al., 1996)

When VO, Was expressed relative to body mass, average absolute and relative (%) rate
of decline calculated from the longitudinal studies was similar to rate of decline calculated
from cross sectional work (0.52 vs 0.46 mL-kg”'min™yr' and 0.90 vs 0.96 %yr’,
respectively). Tanaka er al. (1997) used a cross sectional study of healthy trained and
untrained women to assess the rate of decline in VO, associated with ageing and found
that the absolute rate of decline was higher in endurance trained women athletes when
compared with sedentary controls (0.57 vs 0.32 mL-kg " min"-yr'"), however the relative
(%) rate of decline was similar (0.97 vs 0.91 %-yr"). The authors concluded that the higher
absolute rate of decline (VO,y,y) in highly physically active women was not related to age

associated changes in maximal heart rate, body composition or training factors.
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Table 4. Summary of data reported in the literature for VO,,,, attained by veteran athletes

Age [VO2max | VO2max
Study Subjects n |() |@minl) | (mLkgl'min-l) |
Pollock et él. (1997) . Veteran athletes 9 51 3.6 554
Barnard et al. (1979) Veteran runners 13 |55 3.5 54.0 -
Fuchi et al. (1989) Veteran runners 15 |55 2.8 515
Hagberg et al. (1985) Veteran runners 8 56 3.7 56.6
Allen et al. (1985) Veteran runners 8 56 3.7 56.4
Hagberg et al. (1998) Veteran athlétes 7 | 56 | 3.6 513
Proctor et él. (1995) Endurance trained 6 57 3.8 52.7
Proctor et al. (1996) Veteran athletes 6 57 3.8 52.7
Heath et al. (1981) Veteran athletes 16 |59 3.7 58.7
Maffuli et al. (1994) Veteran runners 20 159 3.4 56.3
Pollock et al. (1997) Veteran athletes 9 160 34 52.1
Rogers et al. (1990) Veteran athletes 15 162 37 54.0
Coggan et al. (1993) Endurance trained 6 62 32 . 52,0
Rosen et al. (1998) Veteran athletes 61 |62 34 48.4
Yerget al. (1985) Veteran athletes 14 163 |35 52.1
Coggan et al. (1990) Veteran runners . 8 63 |34 51.1
Prefaut et al. (1997) Veteran cyclists 7 63 |37 50.5
Fuchi ez al. (1989) Veteranrunners =~ - | 11 | 64 26 49.5
Proctor et al. (1998) Endurance trained 8 64 3.5 45.9
Proctor and Joyner (1997) | Endurance trained 8 64 34 459
McLaren et al. (1995) Veteran cyclists - 10 |65 39 54.0
Hagberg et al. (1988) Trained runners 11 |65 32 50.0
McLaren et al. (1995) - Veteran runners 11 165 |35 48.0
Minson & Kenney (1997) | Veteran athletes 7 165 131 40.0
Prefaut et al. (1994) - | Veteran cyclists lQ 65 126 37.8
Massé-Biron etal. (1992) | Veteran cyclists 7 65 2.6 36.8
Rogers et al. (1990) Veteran athletes 15 |70 3.5 51.8
Pollock ez al. (1997) Veteran athletes 9 70 29 43.2
Fuchi et al. (1989) Veteran runners 9 74 24 43.1
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Cross sectional studies have reported higher values for VO,,,, in veteran athletes when
compared with age‘matched sedentary controls (Coggan et al., 1993; Hagberg et al., 1985;
1988; 1998; Heath et al., 1981; Proctor et al., 1996; Rosen et al., 1998; Yerg et al., 1985).
However, VO,,., values recorded in veteran athletes have not exceeded the VO, of
trained and physically active seniors (Allen et al., 1985; Aminoff et al., 1996; Coggan et
al., 1990; Hagberg et al., 1985; 1988; Heath et al., 1981; Massé-Biron et al., 1992; Minson
and Kenney, 1997; Prefaut et al., 1994; Proctor and Joyner, 1997; Procfor et al., 1995;
1998; Rivera et al., 1989). In contrast to these studies, Proctor ez al. (1996) and Coggan et
al. (1993) reported lower values for VO,,,, in senior aged subjects when compared with

old competitors.

Using the data shown. in Table 4, it is possible to predict the VO,,,, of veteran athletes with
reference to a particular age group. Regression equations for data presented in Table 4
based on‘a linear model are:- VO,,,, (L'min") = 5.81 - [0.04-age (yr)], r = 0.50, SEE =
0.37 (L'min") and VO,,,, (mL-kg"min™) = 91.57 - [0.67-age(yr)], r = 0.62, SEE = 4.46
(mL-kgi-min"). Within these models, age accounted for 25 and 38% of the variance in
VO,,,, expressed as L-min™ and mL-kg"min", respectively. Therefore it is reasonable to
assume thzit inter-individual differences concerning training status, previous training
hisfory, morphological and physiological ageing, as well as methodological considerations

for the assessment of VO,,,, affected maximal values recorded in these groups of athletes.

2.5.1 CENTRAL FACTORS

Studies which have investigated the physiological factors associated with age-related
declines in VO,,,, have found a strong relationship between a decrease in VO,,., and a
reduction in maximal cardiac output (Fuchi et al., 1989; Hagberg et al., 1985; Heath et al.,
1981; Hunt et al., 1998; Makrides et al., 1990; Rivera et al., 1989) and total blood volume
(Hagberg et al., 1998; Hunt et al., 1998, Stevenson et al., 1994). Hagberg et al. ('1998)
assessed the cardiovascular responses of trained and untrained elderly subjecfs during
maximal exercise tests and found a higher stroke volume and total blood volume in veteran

athletes when compared with age matched sedentary subjects.
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However values for maximal cardiac output recorded in highly trained senior athletes
consistently exceed values reported for veteran performers (Hagberg ef al., 1985; Rivera et
al., 1989). There is a plethora of literature available concerning the various central
circulatory factors which affect exercise performance capacity. These issues are beyond the
scope of this thesis, however an extensive review of the available literature concerning
cardiovascular adaptations to endurance training in older men and women has recently

been completed by Spina (1999).

Aminoff et al. (1996) provided strong evidence to suggest that during maximal exercise
using large muscle groups, phySical work capacity of elderly individuals is limited by
central factors and that during maximal exercise using small muscle groups there is no
difference in physical work capacity between young and old men. When subjects were
required to complete a maximal cycling test, VO,,,, was higher in the younger participants
however vvhen subjects completed one and two arm maxirnal cranking tests no difference
was found between age groups. The authors concluded physical work capacity does not
necessarily decline with age when exercise is more limited by peripheral rather than central

factors.

2.5.1.1 HEART RATE

Max1mal heart rate declines with age and age predlcted heart rate is usually expressed as
220-age (Londeree and Moeschberger 1982) Several cross- -sectional and longltudmal \
1nvest1gatlons concemmg age-related declmes in performance have reported lower values
for HR,, in elderly populations (for review see Spina, 1999). The underlyrng
mechamsm(s) responsible for the structural and functional changes in the older heart is/are
unclear however authors have suggested that the decline in HR,,,“ is mediated by factors
wh1ch control muscle contractron such as a down regulation of beta-adrencrglc receptors
which decreases the heart's sensrtrvrty to catecholamme stimulation (Seals etal., 1994) and
changes in the volume of the sino atrial node and the number of pacemaker cells (Shrralshl
etal., 1992) Tate et al. (1994) noted that the underlymg mechamsm(s) responsrble for the
age assoclated declme in HRm may not be intrinsic to cardrac muscle. For mstance when
elderly subjects expenence ventricular arrhythm1a HR can exceed HRTnax attalned durmg a

standard maximal exercise test.

61



Studies have shown that declines in HR,,,, with ageing are highly correlated with changes
in VO, across all age groups (Hagberg et al., 1985; Rivera et al., 1989). HoWever more
recent wc_)rk by Fitzgerald et al. (1997) has provided clear evidence to show that inter-
individual differences in age-related declines in VO,,,, do not necessarily correlate with
declines in HR_,,. Although significant relationships were found between HR_,, and
VO

respectively), authors have postulated that 'other factors such as stroke volume and muscle

»max iD Sedentary, active and endurance trained subjects (r .= 0.85, 0.75 and 0.84,
oxidative capacity may have been responsible for differences in the absolute rates of

decline in VO, Observed in exercising and sederitafy populations' (p. 164).

) Using data available from longitudinal étﬁdiés (see Table 5)itis possiblé to establish thaf
the mean rate of decline invv HR,.. with agé is about 0.73 b-min"-yr" (Kasc':hk et al., 1995;
Pollock et al., 1997; Trappe et al., 1996). Data from cross sectional studies suggest that

across a broad range of subjects regardless of their activity status and previous history of
training, heart rate declines at a very similar rate of about 0.60-0.70 b-min"-yr" (Fuchi et
al., 1989; Proctor and Joyner, 1997). Tzankoff and Norris (1979) completed a large scale
“cross sectional assessment of age-related changes in HR,_, recorded in uﬂtrained
individuals and found that the average rate of decline was 0.91 b'min™yr'. However,
| Fitzgerald et al. (1997) reviewed the available literature concerning cross sectional studies‘
which assessed age-rélated declines in maximal aerbbic capacity and HR,, in regularly
| exercising and sedentary women and found no difference (P>0.05) for the average rate of
decline for HR,, (0.70 b-min™-yr" for endurance trained athletes vs 0.79 b-min™-yr" for
éedehiéry subjects).

In a review of the affects of ageing on physiological factors which limit endurance running
performance, Joyner (1993) cited the work of Rogers et al. (1990) to suggest that the
decline in HR,,,, can be reduced with chronic exercise. When Rogers et al. (1990) assessed
HR,,, in veteran runners who maintained a high level of training over an eight year period
(mean age of group was 62 years for test 1 and 70 years for test 2), analysis of the data
revealed that there was no change in HR,, recorded for test 1 and 2 (171 vs 171 b'min™).
However longitudinal (Kasch et al., 1995; Pollock et al., 1997; Trappe et al., 1996) and

cross-sectional (Fitzgerald et al., 1997) studies have found no relationship between chronic
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endurance exercise and an age-related decline in HR_,, (see Table 5). Londeree and
Moeschberger (1982) pointed out that mode of exercise, testing 'protocol and inter-
individual differences in motivation can affect the highest HR recorded during maximal
exercise and estimated that age can account for between 70-75% of the inter-individual

variability in HR_,,.

Table 5. Longitudinal age-related declines in HR,,, recorded for groups of endurance

trained runners and untrained controls -

Age HR,.. Decline HR
Study n | Activity level | (yr) (bmin?) | (bmin™yr?)
A[B| A B
Kaschetal. (1995) |12 | Trained 42 | 71 180 158 0.63
12 | Untrained 48 | 69 | 175 | 143 | 0.58
Pollock et al. (1997) {9 | Highly trained | 51 | 70 | 173 | 160 0.74
10 | Trained 50170 | 177 | 162 0.72
Trappe et al. (1996) | 10 | Highly trained | 26 | 47 | 191 | 180 - 0.81
18 | Trained 27 149 | 186 | 174 079 .
15 | Untrained 23 145 | 187 | 178 - 0.81 -
Mean 12 _ 13860 | 181 | 165 | - 0.73
+SD - 3 12 | 12 7 413} 009

A -trial 1, B - trial 2

2.5.1.2 'STROKE VOLUME

Studies which have investigated the effects of eXercise .traihing on the aerobic capacity of
elderly populatlons have con31stently shown that 1mprovements in VO,,,,, can be attributed
to an increase in maximal stroke volume (Douglas and O'Toole, 1992; Ehsani et al 1991

Stratton et al., 1994). Hagberg et al. (1998) found that durmg a maximal exerc15e test
veteran athletes had a s1gmﬁcantly higher stroke volume index (mL-m?) and cardiac index
(L'min’ m’) when compared with age matched sedentary 1nd1v1duals These dlfferences
were attnbuted to a higher left ventr1cular end diastolic volume (LVEDV) mdex The

authors concluded that increased mtravascular volumes, partlcularly plasma volume were
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'primary factors contributing to the higher VO,,,,, higher LVEDV, stroke volume and

cardiac output during maximal exercise in endurance trained older men. -

2.5.1.3 - VENTILATION

Numerous investigations have found that static and dynamic lung function declines with
age (see Astrand and Rodahl, 1986). Although the exact physiological changes responsible
for these reductions are unclear, it is generally acknowledged that an increase in residual
volume as a percentage of total lung capacity due to a loss of lung elasticity (Johnson and
Dempsey, 1991; Turner et al., 1968).and static recoil pressufe (Johnson et al., 1991) are
major contributors to an age-associated decrease in lung ‘volume and maximum expiratory
_flow rate. An extensive discussion on this issue exceeds the scope of this thesis, hoWéVéf
Johnson and Dempsey (1991) have provided a compfehensive review of the available
literature and this reference can be used as a starting point for the reader who wishes to

pursue this area further.

2.5.1.3.1 Static and dynamic lung volumes |

Astrand and Rodahl (1986) explained that static and dynamic lung volumcs deérease with
age however in the longitudinal study of Pollock et al. (1997) no difference in vital
capacity (VC) was found in highly and moderately trained athletes when recorded overa . |
period of ten years between the age of 50 to 60 years, although a marked decrease in VC

was recorded in both groups at 70 years of age (see Table 6). Johnson and Dempsey (1991) |
noted that age-related changes in stature due tb a decrease in invertebral spaces had a
negative affect on lung volume. Several authors (Astrand et ai., 1997; Millar, 1978;
Pollock et al., 1997; Prefaut et al., 1994; Trappe et al., 1996) have repoﬁéd static and
dynamic lung function in senior and veteran athletes, however very few studies (Hagberg

et al., 1988) have adjusted values to account for age-related changes in height.

Hagberg et al. (1988) found no difference in maximum voluntary ventilation (MVV)
between veteran runners and age matched sedentary individuals (150 vs 1353, L-min’,
respectively). However, values for MVV recorded in older sﬁbjects were significantly

~ lower than values recorded for senior runners and young sedentary subjects. In contrast to

~ these findings Yerg et al. (1985) found that MVV recorded in veteran athletes was higher

than age matched sedentary individuals (163 vs 144 L-min’, respectively). Millar (1978)
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assessed the peak expiratory flow (PEF) of three groups of veteran athletes (mean age 44,
54 and 62 yr respectively) and found that (PEF) decreased with age (559, 549, 525 L-min’,

respectlvely)

Table 6. Vital capacity (litres) recorded in veteran runners over a period of 20 years

(Pollock et al., 1997)

Age(yn)

\ o B 50 . 60 - |70
Highly trained runners (n=9) 498 . 5.01 4.21
Moderately trained runners (n = 10) 5.45 5.45 4.53

Hagberg et al (1988) commented that compared Wlth values for VO recorded in veteran
- athletes (Wthh were about 38% above age matched sedentary 1nd1v1duals) values for lung
volumes (vital capacity, total lung capac1ty) and pulmonary functions (maxrmum voluntary
ventllatlon FEV,,, FEV, -to-vital capacity ratro) were about 8- 18% hlgher than untrained
| subjects. It was postulated that the effects of prolonged tralmng on pulmonary functions
and lung volumes were not as strong as the effects of tralmng on other physwloglcal

~ systems such as stroke volume -

2.5.1.3. 2 Maxlmal minute ventllatton

| Several studles have recorded hrgher values for max1ma1 ventllatlon (VE,,,,X, L min l) m
veteran athletes when compared with age matched sedentary individuals (Hagberg et al

- 1985; 1988, Heath et al., 1981; Yerg et al., 1985) and have recorded S1m11ar Ve Values i in
'senior and veteran competrtors (Heath et al 1981) Although values for Vme recorded in
veteran athletes have exceeded those of sedentary 1nd1v1duals (Hagberg et al., 1988) values
for V.. recorded in young athletes have been Signiﬁcantly higher than Vg, of veteran
athletes (Aminoff et al., 1996; Fuchi et al., 1989; Grimby and Saltin, »1966; Hagberg et al.,
1985; Overend et al., 1992; Proctor et al., 1998; Rivera et al., 1989). The rate of declinein
Ve €an be highly variable and unlike changes in HR_,, appear to be strongly inﬂuenced
by the habitual physical activity and training history of the individual (see Table 7).

Johnson et al. (1991) suggested that age-related changes in exercise performance may be

related to declines in pulmonary function. I\lotably, McLaren et al. (1995) and Prefaut et al.
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(1994; 1997) recorded hypoxemia in veteran athletes during maximal exercise and
postulated that an increase in arterial desaturation could significantly affect the attainment
of a high VO,,,,. However, there is no conclusive evidence to show that hypoxemia is
more pres'alent in highly trained veteran athletes than equally trained senior competitors
(Joyner, 1993). Johnson et al. (1991) stated that ‘although a sufficient hyperventilatory
response was noted in the majority of subjects the cost of achieving this response due to
mechanical limitations may have contributed to a reduced performance/', (p. 975). The
mean value for estimated cost of breathing was 12.7% VO,,,,, (range 6.7-23.2%). However

the estimated cost of breathing was calculated from values recorded in young adults.

Table 7. The rate of decline in maximal minute ventilation (L'min"+yr"') calculated from

longitudinal studies of trained and untrained senior and veteran subjects -

‘ o Age VEmax | Rate of decline -
Study ‘ . | Activity level ,v n (y1) (L'min-1) (L'min-lyrl)
. _ T1|[T2|T1|T2 N
Kasch ez al. (1995) Trained 12 | 42 | 71 | 92 1 90 0.07
Untrained 12 | 48 | 69 | 94 | 56 - 1.81
Pollock et al. (1997) Highly trained 9 51| 70 | 143 | 118 | . 1.32
Moderately trained | 10 [ 50 | 70 | 146 | 122 1.20
Trappe et al. (1996) Highly trained | 10 | 26 | 47 | 151 | 121 1.43
Trained 18 | 27 | 49 | 130 | 109 0.95
, Untrained ' 15 123 ] 45 |136|111 1.14
Mean 4 12 138 | 60 | 1271104} 113
+SD - 31121122424 054

VEmax = maximal min ventilation (L-min-1)

Johnson and Dempsey (1991), suggeksted that lower values for VO, recorded m ;reteran
athletes could be related to age associated changes in pulmpnary ﬁmcﬁon due to an
increase in the oxygen cost of breathing during maximal work. The authors explained that
the réquirement for O, of the respirétory muscles may be higher in the vétcran athlete due
to the effects of an increase in physiological dead space and an increased stlffness of the
chest wall consequently dunng heavy work a rcdlstnbutlon of blood flow away from

- locomotor muscles would be required to fulfil the relatlvely hlgher demand for 0, requxred |
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by the respiratory muscles. Dempsey et al. (1996) has argued that this 'steal effect' would
not change VO, but would result in a change in maximum work rate. Therefore, a lower
maximal power relative to VO,,,, would be recorded in veteran athletes. There is very little

information available to support this postulate.

Johnson et al. (1991) pointed out that the coincidence between ventilatory demand meeting
VO, is remarkably similar between young and old, however due toy the constraints
imposed by the aged lung and chest wall, veteran athletes are unable to accommodate the
high rates of ventilation needed to attain the VO,,,, values recorded in highly trained
seniors. Johnson et al. (1991) found that veteran athletes were able to achieve an
“appropriate alveolar hyperventilation for the metabolic demand of maximal exercise
however Johnson and Dempsey (1991) speculated that 'the situation might be quite
different during prolonged high intensity exercise during which the veteran athlete is
required to sustain high ventilatory responses and pressure generation in the face of
shortened inspiratory muscle length and a high metabolic cost of breathing'. There is very
little information available concerning the affect of ventilatory work on high intensity
én;iﬁrance perfonnahée of veteran athletes.

2.5.1.3.3 Ventilatory equivalent of O,

Ventilation (for a given amount of 0,) recorded during sub-maximal (Patrick et al., 1983)
and maximal exercise (Grimby and Saltin, 1966) is higher in the elderly. Similarly an
increase in ventilatory equivalent for O, has been reported in lohgitudinal studies (Astrand
et al., 1997; Kasch et al., 1995; Pollock et al., 1997) which have assessed age-related
changes in ventilation over a long period of time. This finding is consistent with cross
sectional studies which reported a significantly higher Vg,,,,/VO,.,, in veteran competitors
(Fuqhi et al., 1989; Hagberg et al., 1985; 1988; Heath et al., 1981; Proctor et al., 1998;
Rivera et a-l.,. 1989); In contrast to ihése studies, Trappe et al. (1996) completed a
longitudinal assessment of elite endurance runners who had maintained a consistent level
6f high intcrisity endurance‘ training over a period of 22 years and found that maximum
ventilatory equivalent (Vg,/VOsme) decredsed in this group. Inbar ef al. (1‘99'3) reporfed
relativély lbw valué§ fof Ve VOzmsx in highly tréined senior athletes and pbstﬁléted that a

low V.,/VO, . was indicative of a hypoventilatory response during maximal
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performance However the observation that Vg,,/VO,,, increases with age suggests that

veteran athletes exhlblt a relatively higher hyperventilatory response.

A higher rentilatory equivalent suggests that the O, cost of breathing in older competitors
could be relatively higher in veterans when compared with seniors. Stamford (1988)
suggested that increases in ventilatory equivalent with age may be indicative of a greater
response to CO, production in order to compensate for lower gas exchéinge efficiency,
combined with an age-related reduced ability to regulate ventilation. Similarly, Brischetto
et al. (1984) found that higher V/VO, recorded in elderly subjects was not produced by a
higher anaerobiosis and/or arterial desaturation, but was influenced by the training status of
the subjects. For instance Inbar et al. (1993) found that untrained subjects had a higher
Vimad VOsmax When compared with trained endurance athletes. The authors suggested that a
low VEMN Omax 1nd1cated efficient pulmonary function. Studies which have assessed the
effects of tralmng on pulmonary function in older 1nd1v1duals have consrstently found a

decrease in VEm,x/V Oz,m after trainin g.

2.5.1.3.4 Respiratory exchange ratio

Studies which used a cross-sectional method of analysis to investigate the effects of ageing
on cardio-respiratory responses during maximal exercise (Aminoff ét al., 1996; Ovcrend' et
al., 1992; Proctor et al., 1998; Tzankoff and Norris, 1979) consistently recorded a lower
maximal respiratory exchange ratio (RER) for older groups of subjects compared with
senior individuals. However although a similar trend was identified in the longitudinal
study of Rogers et al. (1990) no difference in maximal RER was found by Pollock e al.
(1997), who investigated the maximal exercise capacity of highly trained veteran athletes

who maintained a high frequency and intensity of training between tests (about 19 yr).

2.5.1 4 BLOOD VOLUME AND HAEMOGLOBIN

, Nakamura et al (1989) found no relatronshxp between age and red blood count, Hb and
Hct, (r = -O 12, -0.26, -0.14, respectlvely) Similarly, Grimby and Saltin (1966) reported
that there was no change in Hct and Hb with an increase in age and Proctor et al. (1998)
found no differénce in Hb corlcentration recorded for groups of young and old endurance
trained men. Miller &197 8) investigated the relationship between age and Hb concentration

using a cross-sectional comparison of middle aged and veteran athletes and found no

68



difference across age groups. In the longitudinal study of Dill et al. (1967) Hb was
assessed in 16 charhpion runners over an average period of 25 years and no change in Hb
concentration was recorded during this period of time (r = 0.28). Hagberg ez al. (1998)
used lean -body mass (kg) to match a group of veteran cyclists with sedentary individuals of
similar age. Hct values recorded in the veteran cyclists were similar to values recorded for
the age matched sedentary individuals, however plasma volume (mL-kg™) red cell volume
(mL-kg") and total blood volume (mL-kg") were all significantly highe;‘ ‘in the veteran
cyclists. Moderate relationships were observed between red cell volume, plasma volume
and total blood volume and VO, (r = 0.68, 0.61, 0.70, respectively). A similar finding to
Hagberg et al. (1998) was reported by Stevenson et al. (1994) who calculated that the
‘correlation coefficient for total blood volume (mLkg") and VO, (mL-kg"'min") was r =
0.79.

2.5.2 PERIPHIERAL FACTORS ‘ | | o |
Stamford (1988) argued that declines in whole body VO,,,, depend on changes in maximal
cardiac output and maximal a-v0, difference (Fick equation) and although there is little
doubt that changes in maximal cardiac output have a significant affect én VO, @
reduction in a-VO, difference also occurs due to the age-related decline in muscle mass.
Aminoff et al. (1996) recorded maximal VO, and power output achieved during a maximal
arm cranking exercise test and found no difference between values attained by veteran and
senior performers. The authors concluded that age-related declines in physical capacity

were more related to a decrease in cardiovascular performance and not a reduction in

peripheral factors which influenced a-vO, difference.

Muscle ﬁ1ass declines with age (Coggan et dl., 1993; Robergs and querts, 1996), however
the exact mechanism(s) responsible for this reduction is/are not known. Age-related
decreased muscle mass has been attributed to a decrease in habituél physical activity
(Robergs and Roberts, 1996) and neuromuscular function, (Brooks and Faulkner, 1994)
and possible causes for a reduction in the size of muscle fibres include deterioration of end-
plate structures, impaired excitation-contraction coupling and a decrease in motor unit

recruitment (Aoyagi and Shephard, 1992).
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Brooks and Faulkner (1994) have suggested that age associated muscle atrophy and
declines in muscle function are due to the effects of ‘motor unit remodeling'. This process
involves denervation of type II fibres and the re-innervation of type I fibres due to the
turnover 6f synaptic connections which occur at the neuromuscular junction. Consequently,
fibres which are not re-innervated undergo denervation atrophy. Sargeant (1994) postulated
that this conversion may be due to a progressive loss of larger motorneurones, therefore
muscle fibres supplied by larger motormneurones become denervated aﬂd re-innervation
occurs from smaller motomeurones leading to a conversion to slow properties. It is
difficult to assess whether these changes are a function of habitual physical activity and/or
age-related changes in movement patterns which would require the recruitment of type II

fibres."

Various investigations have found no difference between veteran and senior competitors
for the percentage and cross sectional area of type I fibres (Coggan et al., 1990; Proctor et
al., 1995) however, Proctor et al. (1995) found that type Ila and type IIb fibres were
reduced in veteran athletes and age matched controls when compared with seniors. Also
veteran athletes had a significantly higher %type I compared with senior sedentary subjects
and age matched sedentary controls. No difference was found between senior and veteran
athletes for %type I fibres. In the same study, %type IIb fibres were significantly lower in
senior and veteran performers compared with their age matched controls, however there
was no difference between %type Ila between trained and untrained subjects. Melichna et
al. (1990) found that apparent gains in type I muscle fibre due to the effects of ageiné were
at the expense of type IIb and not type Ila fibres. Therefore age-related changes in muscle
mass appear to be the result of atrophy of type IIb fibres. Coggan et al. (1992) found that
an endurance training pfogram increased the percentage of type Ila fibres with a
concomitant decrease in type IIb fibres and there was no change in the percentage of type I
fibres. However Melichna et al. (1990) found that endurance trained veteran athletes had a
higher percentage type I fibre compared with sedentary age matched and senior controls.
Similarly in untrained individuals, %type I muscle fibre gain with age was achieved at the
expense of type IIb rather than type Ila fibre. In contrast to the work of Proctér et al.
(1995), the authors found an age-related gain in %type I muscle fibre in endurance athletes.

This was achieved at the expense of both type Ila and IIb fibres. Coggan et al. (1990)
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found that an increase in %type I fibre in highly endurance trained senior athletes when
compared with senior and veteran trained competitors was achieved at the expense of a

significantly lower %type Ila fibres without a change in %type IIb fibres.

The relative type II fibre atrophy found in elderly trained and untrained subjects appears to
be unaffected by prolonged endurance training (Proctor et al., 1995). Notably there is
strong evidence to suggest that endurance training in groups of senior andﬁvketeran athletes
converts type IIb muscle fibres to type Ila and regardless of age, endurance training
increases the oxidative capacity of type Ila fibres to levels found in type I fibres. Coggan et
al. (1990) found that capillary density, number of capillaries and number of capillaries in
contact with each muscle fibre were significantly less in veteran athletes compared with
performance matched seniors. Similarly, Proctor et al. (1995) found that capillary density
of type II muscle fibres Were affected by age, although there was no difference between
trained senior and veteran subjects when capillary data were expressed as capillary number
per unit type II area. Proctor et al. (1995) concluded that prolonged endurance training did
not prevent the age associated loss of muscle mass, or the relative decline in type II fibre

area.

There is very little information available concerning the oxidative capacity of veteran
cyclists, however Allen et al. (1985) found that the oxidative capacity of veteran runners
was higher than youhger runners who were matched on weekly training distance, pace and
10-km performance time. When maintaining 10-km race pace the relative exercise intensity

(%VO0,,,, and %HR_,,) of the veterans was significantly higher than the seniors.

The effect of age and training on oxidative capacity in groups of trained veteran and senior
athletes and age matched controls was investigated by Proctor et al. (1995). These authors
found that succinate dehydrogenase (SDH) and citrate synthase (CS) activity were similar
between trained subjects and were significantly higher in trained groups compared with age
matched controls. Similarly, Coggan et al. (1992) found that SDH, and Shydroxyacyl-

CoA dehydrogenase activity were higherk in veteran athletes when compared with

performance matched seniors and recorded a significant increase in SDH, CS, and ﬂ-
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hydroxyacyl-CoA dehydrogenase activity in untrained older men after completion of an

endurance training program. -

It is worth noting that peripheral adaptations in veteran athletes are similar to those
recorded in performance matched senior competitors, however they do not exceed values
recorded in senior competitors with superior performance ability. Also, values for
oxidative enzyme activity and capillary density are consistently lower in‘v-eteran athletes

when compared with highly trained senior competitors (Coggan et al., 1990).

2.6 MAXIMAL/PEAK POWER

Power output recorded during a maximal power output test declines with age (Hagberg et
al., 1998; Kavanagh and Shephard, 1990; Massé-Biron et al., 1992; Overend et al., 1992;
Prefaut et al., 1994; Seiler et al., 1998) and the decrease in maximal power (W,,,) recorded
in veteran cyclists and untrained elderly subjects has been attributed to a decline in VO,,,
(Aminoff et al., 1996) and muscle function (Sargeant, 1994). Proctor et al. (1998)
measured W, in endurance trained veteran and senior cyclists and calculated that the rate
of decline in W, was about 3 watts per year. Very few studies have measured W,,, in
veteran cyclists, however a mean W, of 250 W for a group of 7 veteran cyclists (mean
age of 65 yr) was reported by Massé-Biron et al. (1992) and a meaﬁ value of 247 W fof a
group of 8 endurance trained cyclists (mean age of 64 yr) was reported by Proctor et al.
(1998). Kavanagh and Shephard (1990) calculated that the absolute and relative age-related
decline in W, fOr 756 veteran competitors was about 3 W-yr" and 6.66 %-yr". .

Studies which have assessed the 'anaerobic’ power of senior athletes during a 30-s Wingate
sprint‘ test have found moderate relationships bétween ‘ehdurance _performance and
measures of both peak and meah power outp_ilt recorded during the 30-s sprint (Craig et al.,
1993). Howevcr there is very little information available concerning the effects of ageing
on anaerobic exercise performance (Chamari et al., 1995; Grassi et al., 1991). Notably
Chamari et al. (1995) assessed the W, and anaerobic power of senior and veteran cyclists
and found that the age éssociated decline in W, with age was much less pronounced thaxi
the reduction in 'anaerobic' peak and mean power achieved during brief intense infermittent

sprints. Unfortunately the authors did not assess the interrelationship between these
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variables. It was suggested that the decrease in anaerobic power may have been influenced
by:- changes in muscle mass; a decrease in the proportion of type I muscle fibres; a loss of
functioning motor units; and the predominantly aerobic endurance based training of the
veteran group. Notably, Chamari et al. (1995) did not consider methodological problems
associated with the measurement of ‘anaerobic' peak power due to changes in flywheel
inertia during acceleration and deceleration phases of sprint tests when using a friction

braked cycle ergometer.

2.7 LACTATE THRESHOLD

Very few studies have investigated the effect of age on the use of blood lactate parameters
‘to assess a threshold exercise intensity. Absolute values for power output, running speed
and VO, determined at lactate threshold, lactate turning point and OBLA have been shown
to be much lower in veteran athletes however when expressed as a relative workload
(%VO0,,,), values for TLac in untrained subjects (Iredale and Nimmo, 1997) trained
cyclists (Massé-Biron et al., 1992) and funners (Wiswell et al., 2000) are higher in
veterans. Similarly, values for %VO,_,, at lactate turning point assessed in trained cyclists
(Massé-Biron et al., 1992) have been higher in veterans when compared with senior

cyclists (85 vs 79% VO, r€spectively).

Allen et al. (1985) defined the lactate threshold as the steady state exercise intensity that
elicited a 2.5 mmol-L" blood lactate concentration and found that %VO,,,, at threshold
was higher in a group of veteran runners when compared with a group of performance
matched seniors (85 vs 79% VO,,,,, respectively). However no difference was found for
%VO0,,,, at threshold between veteran runners and a group of highly trained senior
competitors (85 vs 83% VO,,,,, respectively). The authors reported that when expressed
relative to HR ., HR at threshold was higher in the veteran group (91 vs 87% HR,,,,) when

compared with the performance matched young runners.

Astrand and Rodahl (1986) considered the effect of age on peak lactacidaemia and
calculated that the age-related decline in peak blood lactate concentration was about 0.16
mmol-L"-yr', However in the longitudinal study of Astrand et al. (1997) there was no

reduction in peak blood lactate concentration found between the mean age of 26 to 47 but
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there was a significant decrease between the mean age of 47 and 59. Roecker et al. (2000)
investigated an age;related change in peak blood lactate concentration recorded in a group
of 7408 healthy participants on completion of an incremental running test. Analysis of the
data revealed that the highest peak blood lactate concentration was recorded in the 20 to 25
yr age group and then declined slightly between 25 to 30 and 30 to 35 yr groups. No
further decline was observed between 30 to 35 and 55 to 60 yr however, after 55 to 60 yr a
pronounced decline was recorded in the 60 to 65 and 65 to 70 yr groups. ‘4

In the study by Massé-Biron e? al. (1992) physically active elderly subjects (mean age 65)
were unable to attain the lactate threshold defined as OBLA (fixed blood lactate
concentration of 4 mmol'L") and relative exercise intensity determined at a fixed blood
lactate concentration of 2 mmol-L" was significantly higher in veteran cyclists when
compared with trained senior cyclists (85 vs 55% VO, respeétively). Similarly, Iredale
and Nimmo (1997) found that relative exercise intensity at lactate threshold (TLac) was

significantly higher in veteran untrained subjects when compared with senior sedentary

individuals (83 vs 70% VO,,,., respectively).

Although the exact mechanisms for higher TLac (%VO,,,) are not known, possible
reasons include:- a reduction in lactate production with age due to a decreaSe in
adrenergic receptor sensitivity and changes in epinephrine sensitivity (Fleg et al., 1985); a
reduced lactate diffusion rate (Tzankoff and Norris, 1979); an ége-related loss of ‘muscle
mass and reduction in the percentage of type II muscle fibres (Proctor et al., 1995); and a

reduced muscle glycogen content in the active muscle (Meredith et al., 1989).

Coggan et al. (1990) postulated that lower levels of lactate dehydrogenase activity and
higher respiratory enzyme activity found in veteran athletes would also favour a reduction
in lactate production, and the well developed capillary supply and oxidative capacity of _
type I and type Ila fibres found in trained veteran competitors would also explain a highcr
lactate threshold when expressed as %VO,,... In support of this postulate, Seals et al.
(1984) recorded a marked reduction in blood lactate concentrétion when elderly subjects
were required to exércis¢ at the same workload before and after an endurance training

program. The authors hypothesised that the lower blood lactate concentration observed
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after completion of the training was due to an increase in oxidative enzyme activity and an
increased oxidation of fat, with a possible sparing of carbohydrate and muscle glycegen.
Iredale and Nimmo (1997) suggested that the reduced blood lactate c’ohcentratiovns
observed in older subjects during an incrementel cycling exercise test may also have been
due to a greater lactate clearance due to a higher sarcolemmal lactate transport eapacity in

type I muscle fibres.

Although there is Very little information bevbavilable eonceming‘age-releted: changes in lactate
kinetics (Tzankoff and Norris, 1979) and lactacidacmia (Massé-Biron et al., 1992; Wiswell
et él., 2000) there is strong evidence te suggest thet ﬁXed blood lactate concentration‘s
should not be ﬁsed to identify and tluantify a lactate threshold exercise intensityb in elderly
subJects However further research i is requlred to 1nvest1gate the affect of age on blood
lactate response durmg exer01se performance Very few studles have con51dered the affects

of testmg protocol and mode of exermse on blood lactate response 1n elderly populatlons

2.8 ECONOMYAND GROSS MECHANICAL EFFICIENCY =

Although various authors (Coyle 1995 Bassett and Howley, 1997) have suggested that
economy and gross mechanical efficiency are key determinants of successful endurance
performance, there is very little information available conceming the effect of age en
economy and gross mechanical efficiency in elderly athletes. In the study by Allen et al.
(1985) no difference was found between senior and veteran athletes for economy celculated

at a running speed of 188 m'min™.

Data reported by Massé-Biron ef al. (1992) showed thet mean cycling economy (calculated
from meah values for me and VO,,,,) was lowet in a group of senior cyclists when
compared with veterans (70 vs 78 [W-\'/O2 (L-min™)], respectively). In contrast to this, data
reported by Proctor et al. (1998) revealed that mean cycling economy calculated from
values for W, and VO,,,, was higher in a group of senior athletes when compared with

veterans (92 vs 82 [W-VO, (L'min™)], respectively).
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2.9 SUMMARY

Exercise performance capacity declines with age due to changes in structural and
functlonal abilities commonly associated with physical performance Declines in exercise
performance recorded in sedentary elderly populations can be attenuated by exercise
training and values for VO,,., recorded in veteran athletes are significantly higher than
values recorded in age matched untrained individuals. When compared with old 'non-
exercisers', veteran athletes have lower values for %BF and higher values for stroke
volume, pulmonary function, capillary density, o‘xidative; enz“yme capacity and %type I
muscle fibre. HoWever, structural and functional adaptations to training found in veteran
athletes do not exceed improvements observed in senior competitors. Absolute exercise
dintensity determined at lactate thresholds declines with age, however relative exercise
intensity at threshold expressed as %VO,,,, and %W, is higher in untrained elderly when
compared with young sedentary individuals. The exact mechanisrn(s) responsible ’for the
age- -related declines in exercise performance is/are not known however a reductlon in
oxygen delivery to the exercising muscles and a loss of muscle function appear to be the

main contributors to the reductlon in maxrmal and endurance performance
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CHAPTER 3
3 CORRELATES TO CYCLING PERFORMANCE

3.1 INTRODUCTION

In order to identify key physiological determinants of endurance performance, investigators
have assessed performance-related responses of competitive athletes duriné a wide variety
of exercise tests. Consequently various physiological, anthropometric and morphological
characteristics of athletic populations have been correlated with endurance performance

and interrelationships between selected variables have been discussed (see Coyle, 1995).

3.2 VARIABLES ASSOCIATED WITH CYCLING PERFORMANCE

Several determinants of field based endurance cycling time trial performance are
consideredk in chapter one of this thesis, these include maximal oxygen consumption
(VO,,..,), maximal power (W,,), blood lactate threshold (TLac, OBLA, MLSS) and
laboratory based cycling time trial performance. This chapter considers the validity of

selected physiological variables to prediet endurance perfonhance;

33 MAXIMAL OXYGEN UPTAKE AND ENDURANCE PERFORMANCE

Since the early work of Hill and Lupton (1923) and Taylor et al. (1955) investigators have
observed a strong relationship between VO,,,, and endurance performance. For instance,
Ramsbottom et al. (1987) found that VO, recorded in a heterogeneous group of trained
runners was the best predictor of time to complete a field based 5-km run (r = -0.85).
However in contrast to this work, Coyle et al. (1991) and Horowitz et al. (1994) assessed
the relationship between VO,,,,, and cycling performance in homogenous groups of highly
trained riders with similar values for VO,,,, and found that VO,,,, could not be used to

explain differences in cycling time trial performance.

3. 4 MAXIMAL POWER AND ENDURANCE PERFORMANCE

Noakes (1998) stated that "in athletes of similar abilities the best predlctor Of performance
is usually a measure of the maximal workload achneved during exercise" (p. 1392-1393). In

support of this postulate, several authors (Bishop ef al., 1998; Dobbins, 1996; Jones and
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Doust, 1998; Noakes et al., 1990; Scott and Houmard, 1994; Weston et al., 1997) have
found that a measure of maximal sustained power (described as W, for cyclists and V,,,
for runners) duﬁng a progressive exercise test to volitional exhaustion can provide a more
accurate brediction of endurance performance than VO, . Furthermore, Wood et al.
(1997) assessed the relationship betweeh W, and average power sustained during a
laboratory based simulated 16.1-km cycling time trial. Analysis of the data revealed that
. performance in the time trial was strongly related to W, (r = 0.96). Simiierly, Davison et |
al. (1999) considered the relationship between W, and outdoor cycling time trial power |
for events ranging frofn 16.1-km to 12-h. Analysis of the data revealed an underlying
relationship between W, and cycling performance. Padilla et al. (1999) concluded that
differences in cycling performance between professional cyclists were due to differences in
absolute power at W, and Bishop et al. (1998) argued that the strong correlation between
W,.., and average power output maintained during a laboratory based cycling time trial was
evidence to suggest that "the time-consuming and costly analysis of lactate was not

necessary for the prediction of 1-h endurance performance” (p. 1274). -

3.5 LACTATE THRESHOLD AND ENDURANCE PERFORMANCE

Several investigators (Coyle et al; 1988, 1991; Cfaig et al. i993; Ramsbottem et al. 1992)
have found that exercise intensity at lactate threshold provides a more valid assessment of
endurance performance capacity than VOZM. In the study of Farrell ez al. (1979) ehe
relationship between race pace and running velocity determined at TLac (originally
described as OPLA) was stronger than the relationship between raee pace and VO,,,, (see

Table 8).

Evidence that the relationship between endurance performance and VO, 18 relatively
weak was also provided by Coyle et al. (1983) who compared values for VO, and
%V O,y sustained during an 8-km run by normal trained subjects and patients with
ischemic ‘heart disease (IHD). Running speed was the same betweeﬂ groups, however
subjects with THD maintained a mean exercise intensity ‘which corresponded with 100%
VO, This value was significantly higher than the 84% VO, recorded m the ﬁoﬁnal
subjects. It was suggested that IHD had attenuated maximal cardiac output which limited

O, delivery and reduced VO,,,,. Therefore during the 8-km performance test both groups
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of subjects maintained a running speed and VO, which was relative to lactate threshold and

not VO,

Table 8. .Correlation coefficients (r) between race pace (m'min'), maximal oxygen

consumption (mL-kg"'-min™) and running velocity at lactate threshold (km-h™)

42.2km 19.3km 15-km 9.7-km 3.2%km
VO 0.91 0.91 0.89 0.86 0.83
V@TLac | 098 0.97 0.97 0.96 0.91

VO2max - maximal oxygen consumption (mL-kg-!'min-1)
V@TLac - running speed (km-h-1) at lactate threshold
(data from Farrell et al., 1979)

Coyle et al. (19.88; 1991) found that a measurement of VO, at LT was a stronger predictor
of endurance performance than VO,,,,.. Coyle et al. (1988) matched two groups of highly
trained cyclists on VO, however %VO,,., at LT was significantly different. When
subjects were required to exercise at a fixed workload (88% VO, to the point of
volitional exhaustion, riders with a higher %VO,,,, at LT exercised for a signiﬁcantly
longer period of time. In the study by Coyle et al. (1991) elite (n = 9) and highly trained (n
= 6) cyclists with similar VO,,,, (mL-kg'min') completed a laboratory based 1-h
performance ride and 40-km field based time trial. Analysis of the data for all of the
subjects (n = 15) revealed the best predictor of average power maintained during the 1-h
performance ride was VO, (L'min”) at LT (r = 0.93) and not'VOZm,x (L'min™) (r = 0.85).
Unfortunately, Coyle and co workers were unable to record power output maintained by
the riders during the field based time trial and values for maximal power and power output
recorded at LT were not reported. Notably, correlation coefficients calculated between
average VO, (L'min") maintained during the 1-h perfofmance ride and VO, (L-min") atLT

and VO, (L-min) were relatively similar (r = 0.87 and 0.84, respectively).
Although Coyle et al. (1991) found that riders (n = 9) with a higher %VO,,,, at LT were

able to maintain a higher average absolute power during the 1-h performance ride and

higher average spee({ during the field based 40-km time trial, the best predictor of average
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speed for the 40-km time trial for this group was VO, (r = 0.94) and not VO, at LT (r =
0.83) or average power achieved during the laboratory based ride (r = 0.87).

Wood et al. (1997) compared power output at OBLA and W, with average recorded
| power during a simulated 16.1-km cycling time trial and found the relationship between
W, and power (r = 0.96) during the time trial was higher than for power at OBLA (r =
0.90). Furthermore when power at OBLA and average power during the time trial were
expressed as %W, (to remove the influence of W,,) there was no correlation found
between OBLA and time trial power. It was concluded that the strong relationship
observed‘ between power at OBLA and performance power was a consequence of the

relationship between OBLA and W,,..

More recently, Bishop et al. (1998) ﬁsed a group of trained female cyclists to assess the
relationship between average power maintained during a 1-h laboratory based cycling
performance ride and V0,0 Wi and power output recorded at lactate threshold. Notably
several 'descriptors' were used to determine lactate threshold, these were LT, TLac, OBLA
and D,,, and the best predictors of 1-h performance power were power output at D,,,, (r =
0.84) and W, (r = 0.81) but not VO, (r = 0.55). In a study by Nichols et al. (1997) the
relationships between VO, (expressed as mL-kg'min' and L'min') and time to
complete field based 13.5 and 20-km cycling time trials were relatively high (r = -0.85 for
13.5-kmand r= -0.83 for 20-km) however the best predictor of time to complete the time
trials was power output at LT (r = 0.91 and 0.88 for 13.5 and 20-km races respectively). -

Jones and Doust (1998) completed a similar study to Bishop et al. (1998) but used a group
of trained runners to assess the relationship between average running speed during an 8-km
race and VO,,,, (mLkg'min') and running velocity (km'h') determined for MLSS,
VO,,,,, TLac, OBLA, T,,, and LMS. The authors argued that the strongest relationship
between a threshold 'descriptor’ and running performance was running velocity at MLSS
and described velocity at MLSS (V@MLSS) as the 'gold standard' criterion measure for
the assessment of endurance capacity. However a reference for this conjecfure was not
provided. One possible explanation for this assertion involved the work of LaFontaine et

al. (1981) who found that the relationship between V@MLSS and 8-km running pace in a
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group of trained runners (n = 7) was r = 0.995. Jones and Doust (1998) assessed the
performance of a hbmogenous group of trained ninners and calculated that the correlation
coefficients for V@MLSS and V@VO,,, when compared with 8-km pace in a
homogendus group of trained runners were r = 0.92 and r = 0.94, respectively. Howevler
this finding did not support the premise that the V@MLSS represented the 'gold standard'
measurement of endurance exercise capacity. It is worth noting that although Jones and
Doust (1998) reported that the relationship between V@TLac and V@MLSS was very
high (r = 0.94) the correlation between V@VOZm,,; and V@MLSS was also very high (r =
0.94) unforfunately this relationship was not reported. |

The relationship between VO, and running performance can be affected by fhe ﬁthess
level of thé' subject and the duration of the test used to evaluaté perfohﬁancé (Tanaka, ‘
1990). For in“stance, Tokmakidis and Leger (1992) found that the correlation between
average ninning speed and VO,,,, improved from r = 0.22 to r = 0.66 and the relatibnship
between average running speed and LTP increased from 0.55 to 0.91 for 10-km and
Marathon distances, respectively. Padilla et al. (19’99) récommended that W, values
recorded during an incremental test could be used to predict cycling performance in short
distance time trials on level terrain, whereas exercise intensity at LT and OBLA were more

appropriate predictors of performance in longer distance'time trials and uphill cycling.’

In order to inVestigate the validity of W@LMP to predict performance power during a 
laboratory based 16.1-km cycling time trial. Davison et al. (1997) assessed the relationship
between W@LMP determined during the protocol of Brennan et al. (1996) with W@LMP
' assessed during an adapted Lac,;, test. This test differed from the procedure of Brennan et
al. (1996) with starting intensity for the second part of the test calculated as 60% of W,
recorded during the PP test. A strongér relationship was found between time trial.powex"
and W@LMP determined during the protocol of Davison et al. (1997) when cdmpared
with the W@LMP derived from the method used by Brennan et al. (1996). Tegtbur et al.
(1993) assessed the validity of V@LMP to predict V@MLSS and found that blood lactate
- concentration did not change during an 8 km running time trial completed at V@LMP. The
authors concluded that the lactate minimum test could be used to prescribé training and

competitive exercise intensity and provided an objective assessment of a threshold exercise
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intensity which avoided methodological issues concerning the effects ’of pre-exercise diet
and glycogen depletion on blood lactate concentration during progressive exercise tests.
Jones and Doust (1998) used a similar testing procedure to Tegtbur et al. (1993) to
investigate the validity of V@LMP to predict V@MLSS and found that V@LMP could be
used to predict V@MLSS however the best predictor of V@MLSS was V@TLac.

Tanaka (1990) concluded that the most critical determinant of endurance exercise
performance (such as time to complete a Marathon running race) was running velocity at
which TLac occurred, however running velocity at OBLA provided the best predictor of

performance in endurance events of 16-km or less. .

3.6 LABORATORY AND FIELD BASED ASSESSMENTS OF CYCLING
PERFORMANCE |

Few invesﬁgations have assessed the relationship between indoor and outdoor cycling time
trial performance. Coyle et al. (1991) found a strong relationship between average power
recorded during an indoor 1-h performance ride and personal best 40-km cycling time trial
time (r = -0.88) and Palmer et al. (1996) found that time to complete an indoor Kingcycle
simulated 40-km cycling time trial was strongly related (r = 0.98) to mean time to complete

two separate outdoor 40-km time trials performed on different 40-km time trial courses.

3.7 SUMMARY

Studies which have investigated the determinants of cycling endurance performance have
consistently found a strong relationship between maximal power determined during a
progressive test to volitienal exhaustion and cycling time trial performance time assessed
outdoors and cycling time trial performance power indoors. Oxygen uptake and/or power at
a designated blood lactate threshold exercise intensity also provide strong predictors of
laboratory and field based cycling perforxhance. The relationship between VO, and
enduranee performance is un‘clear. However, relationships between endurance performance
and selected physiological variables appear to be influenced by the mode of exercise, time
to complete the performancetasvk, heterogeneity of the sample and training status of the

subject.
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CHAPTER4

4 PERFORMANCE RELATED RESPONSES DURING FIELD AND
' LABORATORY BASED CYCLING TESTS

4.1 INTRODUCTION

Descriptive data concerning perforrnance related responses recorded during laboratory and
field based cycling tests provides'useful information when ‘comparisons are made between
studies and changes in performance are assessed over a period of time. Several studies have
assessed endurance performance nsing laboratory based simulated race protoeols in order
to extrapolate data to outdoor trials, however it is important to note that laboratory based
protocols may not always provide an ecologically valid assessment of field based
performance. In support of this postulate Kenny et al. (1995) commented that,
"while the conditions of rolling and wind resistance, | thermal and humidity
conditions, and the metabolic costs of maintaining balance or overcoming inertial
characteristics of different apparatus are more difficult to control, they should be
accounted for in performance comparisons between field and laboratory settings",
(p. 410).
This chapter reviews 't‘he availableliterature concerning performance related responses

recorded during cycling endurance performance tests.

4.2 PERFORMANCE VOz'

Coyle (1995) described performance VO, as 'the maximal rate of whole body acrobic
~energy expenditure as measured by oxygen consumption which can be sustained for the
 duration of an endurance event' (p “27) Several studies have investigated perforrnance V0;
~ during laboratory based cycling endurance performance tests however there is very little
' 1nformat10n concerning performance VO, of endurance athletes durlng field based races.
Coyle et al. (1991), El-Sayed et al. (1997) and HorOW1tz et al. (1994) reported performance
VO, during a laboratory based 1-h rlde was 4.54, 3.98 and 4.48 L-min", 90, 87 and 88%
VO,,,, respectively and Hickey et al. (1992) found that eyolists were able to maintain 77%
VO0,,.., (3.50 L'min™) during a 105-min performance ride. In the study by Langenfeld et al.
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(1994) mean performance VO, was about 70% VO,,,,, for a simulated 129-km cycling time

trial (mean time of éompletion for the 129-km was 247 min).

4.3 PERFORMANCE POWER

- Performance power is defined as the rate of energy output or power production generated
for a specific period of time expressed in watts (Coyle, 1995). Several investigators (El-
Sayed et al. 1997, Robinson et al. 1995; Wagenmakers et al. 1996) have assessed the
average power output rhaintained by trained cyclists during laboratory based simulated
cycling time trials (see Table 9). Robinson et al. (1995) and Wagenmakers et al. (1996)
found that during a 1-h ride trained cyclists maintained a mean performance power of 298
~and 294 W, 68.8 and 75.6% of maximal power respectively. Lindsay et al. (1996)
calculated that trained cyclists sustained an average power output of 301-326 W, 72.1-
75.0% W, during a lab-based 40-km time trial (average time to complete the 40-km
distance was ~ 56 min) and Coyle et al. (1991) and Horowitz et al. (1994) found that elite
cyclists were able to maintain an average performance power of ~ 340 W during a 1-h
laboratory based cycling time trial. There is very little information available for

performance power recorded outdoors.

Table 9. Cycling time trial performance during laboratory based tests

Study Time Distance Speed Wz Wit %W s
(min:s) | (km) Gmh?) | (W) W)
Wagenmakers et al. (1996) 60:09 - - 390 298 76.4
Robinson et al. (1995) 60:00 43.10 43.10 433 303 70.0
Hawley et al. (1997) 60:00 41.16 41.16 402 266 66.2
El-Sayed et al. (1997) 60:00 4041 4041 392+ 2717 70.7
Palmer et al. (1996) 55:51 40.00 4297 443 304 68.6
Palmer et al. (1996) 27:01 2000 4442 443 ] 328 74.0
| Palmer et al. (1997) 26:32 20.00 45.23 1432 340 78.7
Palmer et al. (1998) 27:41 20.00 43.35 400 31l 71.8
Wood et al. (1997) 23:18 16.09 41.43 359+ 279 71.7
Davison et al. (1997) 22:55 16.09 . . | 4213 [ 355% 288 81.1

Wmax - maximal power output
- peak power assessed during a Kingcycle PP test

WTT - average power output recorded during time trial.
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4.4 PERFORMANCE HEART RATE

Several investigators have recorded heart rate reSponse during cycling performance rides
and calcﬁlatéd average heart rate (expressed as %HRmaxj for‘ the duration of fhe ’race,'4(see
Table 10). Sellyey et al. (1995) assessed the relative HR réspor‘lse’of runners during
competitive races and found that a similar '%HRm was maintained duririg the race -

reg’érdless of running speed and performénce ability.

Table 10. Mean heart rate response recorded during cycling time trial races

Study TT Performance (km) | %HR,,,
Robinson et al. (1995) | 43.1, 91.6
Neary et al. (1995) 40.0 92.6_
Lindsay et al. (1996) 40.0 90.7 |
El-Sayed et al. (1997) |[41.2 91.1
Palmer et al. (1996) 40.0 90.3
Palmer et al. (1996) - | 20.0q 92.0
Palmer er al. (1997) 200, 92.5
Palmer et al. (1998) 20.0 90.5
Palmer et al. (1994) 16.1557 94.1
Dobbins (1996) 16.1 oyp 93.7
IN - indoor laboratory based time trials

OUT - outdoor field bascd time ;ria]s ‘

%HRmax- percentage of maximal heart rate

4.5 PERFORMANCE SPEED

Performance speed is the average speed a cyclist maintains over a set distance’and is a
function of performance power (propulsion) and the forces that- present resisténCe to
movement (drag), (Coyle, 1995). Due to the affects of vaﬁations in terrain, riding style and
race tactics on the relationship between performance speed and power output, performance
velocity does not necessarily provide an accurate measure of work rate maintained during
cycling exercise (Jeukendrup and van Diemen, 1998). However, an individual cycling time
trial (described as the 'race of truth,' by Borysewicz, 1985) rekquires each rider to cover a set

distance in the fastest time and therefore has been used by several authors (Lindsay et al., |
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1996; Westgarth-Taylor et al., 1997) to assess endurance performance ability. Indeed, the
distance covered during a 1-h time trial has been described as the 'blue riband' event of
cycling performance (Fotheringham, 1994). Time trial performance is dependent on a
multiple @f variables and circumstances (Padilla et al., 1999) however a reasonable
illustration of the effect of race distance on performance velocity can be obtained from

time trial competition records (see Figure 5).
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Figure 5. Depicts average speed (km'h™) achieved for Road Time trials Council (RTTC)
competition records during 16.1-, 40.2-, 48.3-, 80.5-, 160.9-km and 12- and 24-h time trial
races (data from RTTC, 1998) ' |

4.6 PERFORMANCE CADENCE

There is very little information available concerning spontaneously chosen pedal cadence
(rev'min™) during laboratory and field based cycling time trials. Sargeant (1994) included
data for average cadence recorded during world record 1-h time trials performed on a
cycling track. Pedal cadence ranged from 102 to 106 rev'min, with cyclists using 5 track
bicycle and single 'fixed wheel' gear ratio. This provided a cohtinubus pedalling motion
during the ride. and consequently track based data may not be transferable to 'road-based'
time trials. Surprisingly there is no information available concerning pedal cadence

maintained during field based cycling time trials.
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4.7 PERFORMANCE RELATED RESPONSES OF VETERAN ATHLETES

There is very little information available concerning the performance related responses of
veteran athletes during laboratory and field based endurance performance trials. Allen et al.
- (1985) found that when exercising at 10-km running pace veteran runners maintained a
higher %VO0,.., and HR,, when compared with young runners with superior performance
ability (92 vs 89% and 95 vs 92% respectively) however these differences did not reach the
level of significance. Notably when the authors compared the veteran group with seniors

who had a similar mean 10-km performance time, veterans maintained a significantly

higher %V O,,,,, When running at 10-km race pace (92 vs 81% VO,,,., respectively).

Relative exercise intensity at lactate threshold (exercise intensity at a fixed blood lactate
concentration of 2.5 mmol-L) was significantly higher in the veteran group, (85 vs 79
%VO0,,..) When compared with the performance matched seniors and at race pabc veterans
maintained a higher relative exercise intensity (7 vs 2% above lactate threshold expressed
as %VO0,,,)- No difference (P>0.05) was found between the veterans and superior

performance senior group for %V O,me at LT when running at 10-km race pace.

Various studies have measured blood lactate concentration on completion of a laboratory
based time trial ride (Coyle et al., 1991; El-Sayed et al., 1997, McNaughton e al., 1999)
however no study has recorded blood lactate immediately after a field based cycling time
trial. Although post maximal exercise peak’ blood lactate has been assessed in veteran
athletes (Astrand et al., 1997) and older individuals (Nimmo et al., 1994; Overend et al.,

1992; Tzankoff and Norris, 1979) there is no data available concerning the effect of age on
blood lactate recorded after the cessation of laboratory and field based cycling time trial

performance.

The effect of age on blood lactate concentration (BLa) récorded during indoor and outdoor
cycling endurance performance has not been considered. However, one investigation
(Overend et al., 1992) has assessed blood lactate concentration in elderly subjects during
high intensity cycling exercise. Subjects tested were physically active young (20-35 years)
and old (>65 years) individuals. In this study, subjects were required to maintain a set

power for 24 mins based on the individual assessment of critical power (for explanation
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and review see Jenkins, 1995). Mean relative exercise intensity maintained during the test
was higher in the older group (62 vs 67% W,,,, for young and old resiaectively). Maximal
power was determined duﬁng a progressive ramped test with ramp raﬁe éhosen to elicit
volitional exhaustion in 8-12 min (a similar protocol to the Kingcycle peak power test).
Mean‘ value for peak wholé BLa recorded during thé test Was higher in the younger group
(8.1 vs 6.5 mmol'L") and BLa at 2 min intervals waé significantly higher in the younger
group from the 8th min onwards. Thé authors did hot discuss the difference in
lactacidaemia recorded between groups, however their finding did concur with other work
which had reported an age-related decline in lactacidaemia in older populations (Iredale
and Nimmo, 1997).

In contrast to this, Allen et al. (1985) found that when subjects were matched on mean 10-
km race time, training distance and pace, blood lactate concentration recorded on
completion of a 10 min bout of exercise at individual 10-km race pace was lower (P<0.05)
in senior runners when compared with veterans (5.0 vs 3.1 mmol-L"). Notably no
difference (P>0.05) was found between the veteran runners and 'superior performance'

seniors (5.0 vs 3.8 mmol-L™).

Data concerning heart rate and oxygen uptake in veteran runners recbrded when exercisihg
at 10-km race pace were provided by Allen et al. (1985) however there appears to be no
published data available for heart rate response and oxygen uptake of veterans during
laboratory and field based cycling races. Overend et al. (1992)‘ calculated that older
subjects maintained a significantly higher relative exercise intensity (%VO,,,,) during a
- 24-min cycling test performed at critical power intensity. One explanation for this was the
higher power (%W,,,) maintained by the elderly grbup when compared with the young
group. Notably, subjects in the study by Allen et al. (1985) maintained the same absolute
exercise intensity (running velocity) but did not complete a 10-km run, therefore values for
%VO,ms and %HR . reported by the authors may not be a valid representation of age-

related differences.
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4.8 SUMMARY

This chapter consxdered performance related responses of semor and veteran cychsts
recorded durmg mdoor and outdoor cycling races. Although laboratory based assessments
of cycling performance prov1de useful information for compansons between subjects and
studies there is very little information available concernihg field based trials, therefore care

should be taken when extrapolating indoor data to field based settings.
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CHAPTER 5

S METHODOLOGICAL ISSUES WHICH CAN AFFECT THE
ASSESSMENT OF CYCLING PERFORMANCE

5.1 INTRODUCTION

During the past decade various laboratory-based physiological tests have be‘en developed in
order to assess the endurance capacity and endurance performance ‘of competitive cyclists
(for review see Hopkins er al., 1999). Consequently new testing equipment has been
introduced which has allowed investigators to study the physiological responses of elite
perforrhers using more ecologically valid methods of assessment (Seifert et al., 1988;
1991). Various inVéstigations have shown that laboratory based measures of endurance
performance (Coyle et al., 1991, Palmer et al., 1996), maximal aerobic power (Hawley and
Noakes, 1992; Lucia et al., 1998) and maximal aerobic capacity (Saltin and Astrand, 1967)
are highly related to cyéling performance in the field. However, in order to detect changes
in cycling performance and study the effects of a selected intervention and/or treatment, it
is critically important to ensure that the testing methods and equipment used to assess

performance are reliable, reproducible and valid (Hopkins et al., 1999).

The Kingcycle peak power/acrobic capacity tests (El-Sayed et al., 1997; Hawley et al.,
1997; Palmer et al., 1996; 1997; 1998) have been used on numerous occasions to assess the
endurancé capacity of racing cyclists. However, there is very little information available
concerning the reproducibility of selected physiological variables recorded during peak
~ power tests and few studies have assessed the reproducibility of performance related
responses recorded during simulated endurance performance tests. This chapfer considers

methodological issues which can affect the assessment these methods of testing.

5.2 ASSESSMENT OF POWER

A significant development in cycle ergometry was the introduction of ‘windload simulators'
in the 1970's which allowed cyclists to use their own bicycles in a laboratory setting.
Previously cyclists were required to use an adapted friction based ergometer which

incorporated pedals with toe clips, drop handlebars and a racing saddle (Coyle et al., 1988;

90



1991). Consequently these laboratory specific ergometers prevented cyclists from cycling
in their most biomechanically efficient body position (see Seifert et aI;,‘ 1988; 1991). This
was unfortunate considering that cycling position can significantly affect power output
recorded during cycling exercise (Gonzalez and Hull, 1989; Heil et al., 1997a; Umberger et
al., 1998).

Very few studies have mvestlgated the effect of cycle ergometer de51gn on physxologlcal
responses recorded during cycling exercise. Selfert et al. (1991) compared physiological
responses of recreational and competitive cyclists when exercising on a standard Monark
cycle ergometer and an electromagnetically braked Velodyne™ cycle simulator. Different
physiological responses were recorded when exercising at higher (~ 225 W) but not lower
workloads (~ 100-175 W) and the authors concluded that calibration, changes in muscle
fibre recruitment and ergonomics may have affected the mean values recorded. In
conclusion Seifert et al. (1991) argued that cycle simulators could be used to provide a
more ecologically valid method of assessing the physiological responses of racing cyclists

during laboratory based tests.

Subsequently, several studies (Foster et al., 1993; Snyder et al., 1993) have used cycle
simulators to investigate physiological responses of racing cyelists during cyclihg
performance. Notably the Kingcycle air-braked ergometer was a major improvement in
design. The Kingcycle enabled - investigators to instantaneously record power output
(monitored and displayed continuously by a microcomputer) heaft rate, pedal cadence,
speed and distance during laboratory based cycling performance rides and provided a
reasonably accurate simulation of the inertial characteristics of actual cycling. The
Kingcycle has been used on several occasions to assess the endurance capacity of highly
trained cyclists (El-Sayed et al., 1997; Hawley et al., 1997, Palmer et al., 1998) evaluate
the effects of ergogenic aids (El-Sayed et al., 1997; Hawley et al., 1997; Palmer et al.,
1998; Robinson et al., 1995) and investigate the affect of training interventions (Lindsay et
al., 1996; Palmer et al., 1997; Stepto et al., 1999; Westgaxth—Taylor et al., 1997, Weston et
al., 1997) on cycling time trial performance. -
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Several investigators (Keen et al., 1991; Palmer et al., 1996; and Schabort et al., 1998a)
have assessed the reproducibility of cycling performance tests performed using a Kingcycle
ergometer and found that the within subject variations (CV%) for time to complete
endurance performance rides (Palmer et al., 1996; and Schabort et al., 1998a) were
~ reasonably low (<1.5%) and that test re-test correlation for maximal exercise performance

(Keen et al., 1991) was relatively high (r = 0.98).

5.3 ASSESSMENT OF EXPIRED AIR AND PULMONARY VENTILATION

The effects of exercise performance oﬁ pulmonary‘ ventilation (Wasserman et al., 1979,
Whipp and Ward, 1980) and O, and CO, content in expired air (Poole and Richa_rdsoh,
1997; Poole et al., 1988) have been investigated in depth, consequently testing apparatus
and protocols have continuously evolved to provide more reproducible and valid measures
of pulmonary/respiratory responses during exercise (see Thoden, 1991). Although the
collection of expired air using Douglas bags is considered the 'gold standard' method of
assessing ventilation and respiratory gas (Hammond and Froelicher, 1984), it is now
widely accepted that online gas analysers provide an immediate, practical and efficient

method of measuring Vg, VO, and VCO, during exercise (McArdle et al., 1991).

The Covox™ online gas analysis system has recently been used to assess pulmonary and
respiratory responses during cycling exercise performance (Balmer et al., 1998). De
Montfort University, Bedford, UK (unpublished data, 1994) have compared Vg, VO, and
VCO, recorded using Covox gas analysis system with a traditional Douglas bag method of
assessment. Expired air collected using the Douglas bag method was analysed for O, and
CO, content using a Servomex gas analyser (Crowborough, UK) and ventilation was
assessed using a Harvard dry gas meter. Analysis of the De Montfort data revealed that the
absolute differences between VO, and VCO, calculated using each analysis system were
heteroscedastic. This was shown by the correlation between the absolute differences for
VO,, VCO, and Vg against the mean value for VO,, VCO, and V, (r =0.79, 0.86 and 0.45).
However when the data were logarithmically transformed correlations were reduced (r =
0.15, 0.21 and 0.37, respectively). Limits of agreement (Bland and Altman, 1986) between
Douglas bag and Covox values were expressed as ratios based on clear evidence that

absolute differences were greater at higher values. Therefore calculated ratio limits of
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agreement for Douglas bag and Covox measures for VO,, VCO, and Vg were 1.10 x/+ 1.05
and 1.07 x/+~ 1.03, 1.0 x/+ 1.02, respectively. The differences betweén Douglas bag and
Covox values for VO, and VCO, were significant (P<0.05). However, estimates of within
subject variation (CV%) for VO,, VCO, and V were similar for each gas analysis system
3.7, 5.4, 3.7 vs 4.1, 3.5, 4.8% for Covox compared with Douglas bag method. It is worth
noting that calculations for CV% were based on data collected for one subject, who
completed five 'steady-state' exercise trials performed at a relatively low e;ercise intensity

during a period of eight days.

The De Montfort study showed that the Covox gas analysis system provided a valid and
reliable assessment of pulmonary ventilation and a reliable but not valid measure of O, and

CO, content in expired air when compared with a Servomex gas analyser.

5.4 ASSESSMENT OF BLOOD LACTATE

The relationship between blood lactate response and cycling exercise performance has been
frequently used to assess the endurance capacity of racing cyclists and subsequently blood
lactate analysers have become widely used for the purposes of research and sport science
support. However, blood lactate concentration can be affected by several methodological
factors such as:- sample site (El-Sayed et al., 1993a; Jorfeldt et al., \1978; Williams et al.,
1992); method of assay (Williams ez al., 1992); and analysis equipment (Davison et al.,
20002). . o

Bishop et al. (1992) found that when blood lactate concentration recorded using a
spectrophotometer was compared with a YSI electrochemical lactate analyser (YSI. Model
2300 STAT analyser, Yellow Springs Instruments, Yellow Springs, USA) no difference
was found between values recorded using each measuring device, therefore it was
concluded that the YSI provided a valid and reliable measure of blood lactate. More
recently, Davison et al. (2000a) compared a Biosen 5030 L blood lactate analyser (EKF
Industrie - Electronik GmbH, Germany) with a YSI and calculated that the bias and
random error for 95% limits of agreement (Bland and Altman, 1986) were 0.37 £ 1.22
mmol-L"!, Notably, v’_the test re-test reliability correlation coefficient of determination

between repeated blood lactate samples assessed using the Biosen was very high (©* = 0.99,
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P<0.05). Therefore the authors concluded that the Biosen provided a reliable and valid

measure of blood lactate concentration when compared with a YSI.

Blood samples for lactate testing can be obtained from a number of sample sites. These
- include radial and brachial arteries (Yoshida et al., 1982) antecubital or dorsal veins
(Conconi et al., 1982), and fingertip or ear lobe capillary samples (Foxdal et al., 1990).
Several studies (El-Sayed et al., 1993a; Jorfeldt ez al., 1978; Williams etal., 1992) have
investigated the effects of sample site ‘variétion on blood lactate concentration and found
that BLa in fingertip blood can be significantly higher when compared with venous blood.
Williams et al. (1992) explained that values between finger tip blood and arterial biood are
similar when investigators have made sure that the finger tip sample consists of arterialised
blood. This can be achieved by an increase in the circulation of blood through the hand by
pre-warming with moderately hot water and/or the completion of an adequate (about 5-10

min) warm-up prior to blood sampling.

The analysis of fingertip whole blood has a distinct methodological advantage over other
sampling sites and methods of assay (Knowlton et al., 1990). Therefore when working with
athletes from various sports it is now common practice for blood samples to be taken either

from ear lobe or fingertip with the BLa analysed in whole blood.

5.5 ASSESSMENT OF HEART RATE

Within the past ten years reliable lightweight telemetry systems have become increasingly
popular with competitive cyclists and have been shown to provide both reliable and valid
measures of heart rate response when compared with ECG monitors (Léger and Thivierge,
1988). Consequently, heart rate monitors have been extensively used to record heart rate
data during training/racing (Jeukendrup and van Diemen, 1998) and laboratory - based
exercise tests (for review see Lambert et al, 1998). Although several authors have
questioned the validity and reproducibility of using heart rate response to improve training
“and racing performance (see Burke et al. 1994), heart rate monitoring during exercise has
been used to effectively monitor endurance performance and detect the onset of over

training.
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It is important to note that the relationship between heart rate response and exercise
intensity can be affected by several factors such as:- exposure to céld (Leweke et al.,
1995); heat (Galloway and Maughan, 1997; Sawka et al., 1984); altitude (Sutton et al.,
1988); biorhythmicity (Reilly et al., 1984); 'competition arousal' (Lambert et al., 1998);
and the phenomenon of 'cardiac drift' (Shaffrah and Adams, 1984). Also maximal heart rate
can be subdued during periods of heavy training (Gaesser and Poole, 1986; Maassen and

Busse, 1989) but return to normal levels following a period of rest (Lamberfet al., 1998).

Recently Jeukendrup and van Diemen, (1998) also found that changes in power output
durihg tfaining énd racing were not accurately reflected in heart rate response during
outdoor cyclihg performance and Kenny et al. (1995) showed that mechanical load
experienced in the field was underestimated when heart rate (measured during laboratory
based tests) was used fo establish field based training intensify. In addition, there is étrong
evidence to suggést that body position can also affect heart rate recorded during laboratoi'y
and field based cycling tests response (Gnéhm et al., 1997; Heil et al., 1997a; Price ahd
Donne, 1997). R - i

5.6 ASSESSMENT OF CYCLING PERFORMANCE . -

Although the assessment of maximal aerobic capacity has been tradit‘ionally used as a 'gold
standard' measure of cardio-reSpiratory fitness (Astrand and Saltin, 1961), recent studies
have used measures of endurance capacity and endurance performance to assess the

physiological responses of competitive cyclists (Bishop, 1997; Coylé etal., 1991).

An important distinction has been made concerning the correct terminology to describe
testing methods which measure exercise performance. For instance an exercise test
designed to measure endurance capacity would involve a measure of time to exhaustion
when maintaining a fixed workload and a test which measures endurance performénce
involves either; a distance or work bout covered in a minimum amount of time, or a

maximal work bout achieved during a fixed amount of time (Williams e? al., 1990).

Traditionally, measures of endurance capacity have been used to assess cycling

performance (Brouné et al. 1989; Coyle et al., 1983a; 1986; Gleeson et al. 1986), however
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more recent studies have used:- a measure of distance and/or power output recorded in a
fixed time (Anantaraman et al., 1995; Bishop et al., 1998; Coyle et al.., 1991; El-Sayed et
al., 1997; Hawley et al., 1997; Robinson et al., 1995); a measure of time to complete a
target workload (Luetkemeier and Thomas, 1994); time to complete a laboratory based
fixed distance time trial (Lindsay et al., 1996; Palmer et al., 1998; Potteiger et al., 1995;
Westgarth-Taylor et al. 1997; Weston et al. 1997); and time to complete a field based fixed
distance time trial (Coyle et al. 1991; Dobbins, 1996; Hawley and Noakes, 1992;
Hoogeveen et al. 1999; Langenfeld, 1983; Langenfeld et al. 1994).

5.6.1 MAXIMAL/PEAK POWER TEST

Hawley and Noakes (1992) found that a measure of maximal power output (expressed as
Wm) achieved during a progressive exercise test to volitional exhaustion was highly
related to field based 20-km cycling performance (r = -0.91) and more recently Bishop et
al. (1998) found that W,_,, was a stronger predictor of indoor 1-h cycling endurance
pérformance (r = 0.81) when compared with maximal oxygen uptake (r = 0.55). Not -
surprisingly, a measure of maximal muscle power has been used by several investigators to
assess; the exercise performance capacity of racing cyclists (Hawley and Noakes, 1992;
Kuipers et al. 1985; Palmer et al. 1994; Westgarth-Taylor et al. 1997, Weston et al. 1997)
and the effects of training on endurance performance (Lindsay et al. 1996; Weston et al.
1997) and several authors (El-Sayed et al., 1997; Hawley et al., 1997; Palmer et al., 1996;
1997; 1998) have used a measure of peak power (W,,,) recorded during a Kingcycle peak
power test (PP) to assess the exercise performance capacity of endurance cyclists. It is
worth noting that W, is typically assessed using a continuous 25 W incremental test (the
duration of each increment is 150-s) and W, is determined using a continuous Kingcycle
(~ 20 W-min™) ramp test. Although both methods record aerobic power (also described as
maximal muscle power by Hawley and Noakes, 1992). It is important to note that W, is
calculated as the last completed work rate in W plus the fraction of time spent in the final
non completed work rate multiplied by 25 W (Stepto et al., v1999) and W, is the highest
average power output recorded during any 60-s period of the Kingcycle PP/PAC test. For
the assessment of W, volitional exhaustion was defined as a drop in pedalling rate of
>10 rev-min (Stepto et al., 1999) and for W, volitional exhaustion was defined as the

failure to maintain the required increase in power output.
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5.6.1.1 FACTORS INFLUENCING THE DETERMINATION OF MAXIMAL/PEAK POWER

Studies which have investigated factors which influence W, have found that maximal
power can be affected by:- the level of pre-exercise activity (Hughes et al., 1982; Maassen
and Busse, 1989); a combination of prior exercise and diet (Heigenhauser et al., 1983),
testing protocol (Davis et al., 1982) and pedal cadence (Buchanan and Weltman, 1985).
For the purposes of this review studies which have investigated the effects of testing

protocol and pedal cadence will be considered.

5.6.1, I 1 Effect of test duration and rate of increase in workload

Several authors have found that the duration of the exercise test (Yoshida, 1984) and the
rate at which the workload is increased during the test (Davis et al., 1982; Hansen et al.,
‘1988) affects maximal power recorded during the test.rHowever it is worth noting that
studies which have reported a difference in W, achieved during progressive exercise tests
have consistently used radically different ramp rates (Davis et al., 1982; Hansen et al.,
1988). In the studies by Davis et al. (1982) and Hansen et al. (1988) ramp rate ranged from
20 to 100 W-min" and 15 to 60 W-min™, respectively and in the study by Hansen et al.
(1988) the average duration of a test which used a ramp rate of either 15 or 60 W-min" was
about 16 and 5 min respectively. Similarly in the study by Yoshida (1984) a notable
increase in maximal power was recorded when the duration of each stage of an incremental
test to volitional exhaustion was reduced from 4 to 1 min. However average time to
complete the test with an increment per 4 min was ~ 32 min compared with ~10 min when
the Workload increment was every 1 min. Interestingly Zhang et al. (1991) found that
testing protocol did not affect maximal power when the duration of the test was kept
felatively constant (~ 13 min). Kuipers et al. (1985) suggested that in order to coinpare
work loads between, as well as within subjects, the rate at which the workload is increased
should be normalised by converting absolute workloads to relative work loads. This can be
achieved by increasing workload by a percentage of max1mal/peak power achieved during

a prev1ous reference (habltuatlon) test.

5 6.1.1.2 Pedal cadeabe

Buchanan and Weltman (1985) found that maximal workload achieved during a graded
exercise test was significantly less when subjects were required to maintain a pedal

cadence of 120 rev-min” compared with 90 and 60 rev:min’ with no difference recorded
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between 90 and 60 rev-min”. This finding was supported by the work of Hughes et al.
(1982), who found no difference in maximal workload achieved duﬁng an incremental
exercise test performed with a pedal cadence of 50 rev:min' when compared with 90
revvmin”, In the studies by Davis et al. (1982),’ Hansen et al. (1988) and Zhang et al.
(1991) subjects maintained a pedal cadence of 60 rev'min™ and in the investigation of
Yoshida, (1984) pedal rate was kept constant at 50 rev'min’, However these pedal
cadences (50 and 60 rev-min™)are surprisingly low when compared with the pedalling rates
reported for racing cyclists during actual field based cycling (Jeukendrup and van Diemen,
1998). In the exercise protocols of Kuipers et al. (1985) and Keen et al. (1991) subjects

were able to self-select pedal cadence during the test,

5.6.1.2 REPRODUCIBILITY OF MAXIMAL/PEAK POWER '

In the study by Kuipers et al. (1985) ten subjects completed 32 + 17 (mean + SD) maximal
tests over a period of ~12 months and CV calculated for W,,,, varied inter-individually by
~3.0% to 6.8% (mean 5.0%). However, in contrast to this Lindsay et al. (1996) and
Westgarth-Taylor et al. (1997) calculated that the CV for W_,, was 1.1 and 1.5%,
respectively. One possible explanation for this discrepancy is that Kuipers et al. (1985)
tested subjects over a longer period of time, therefore biological variability may have
contributed more to the overall CV for W,,,. Keen et al. (1991) calculated that the test re-

test correlation for peak power (Wy.,,) assessed during Kingcycle peak tests was r = 0.98.

5.6.2 MAXIMAL/PEAK AEROBIC CAPACITY TEST

The measurement of max1ma1 aeroblc work rate (usually expressed as VOz,m) is the most
widely used method of assessing exercise performance capacity. Not surpnsmgly, the
relatlonshlp between VO, and endurance performance has received con51derable
attention (see Noakes; 1988; 1997; 1998) and the measurement of maximal oxygen uptake
during exercise performance has been extensively studied and reviewed (Hammoﬁd and
Froelicher, 1984; Poole and Richardson, 1997; Shephard, 1984).

5.6.2.1 FACTORS INFLUENCING THE DETERMINATION OF MAXIMAL OXYGEN UPTAKE -

Values for VO, recorded&uring aerobic capacity tests can be affected by fhe modality of
exerc1se (Hamson et al 1980) and the SpCClﬁClty of the exercise (Hagberg et al 1978;
Stromme et al., 1977) Harrison et al (1980) reported that VOZ,,,,, recorded in a group of
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physically active subjects was 20% lower during a bicycle ergometer test when compared
with a treadmill running test and Stromme et al. (1977) found that athletes recorded their
highest VO, during a test which specifically replicated the physical demands of their
sport. In support of this finding, Tanaka ez al. (1996) reported no difference in VO, when
trained cyclists completed bicycle ergometer tests in a seated and standing position and
Helgenhauser et al. (1983) found that VO,,,, recorded in five healthy subjects who
completed a maximal cycle ergometer test was not affected by a reductlon of muscle

glycogen content by repeated maximum exercise and high fat-protein diet.

5. 6.2.1.1 Effect of test duratwn and rate of increase in workload

Buchfuhrer et al. (1983) suggested 10 min as an optimal length of time for the achievement
and assessment of maximal cardio-pulmonary function and subsequently McLellan (1985)
found that values for VO,,,, were affected by the duration of the test. Studies which have
investigated the affect of testing protocol on the assessment of VO,,,, have consistently
shown that VO,,., is not effected by a chenge in work increment (Davis et al., 1982;
Hansen et al., 1988; Whipp et al., 1974) and/or the duration of the increment (Ribeiro et al.
1986; Yoshida, 1984; Zhang et al., 1991). For instance in the study by Whipp et al. (1974)
there was no appreciable difference in VO, when ramp rate varied between 3.75 to 187
W-min™. Similarly, Zhang etal. (1991) found no dlfference in VOzm,x when the overall rate
of increase in work rate was kept constant durmg ramp and incremental tests w1th 1-min, 2-
min and 3-min stages. It is worth noting that Kuipers et al. (1985) used an incremental
protocol to assess VOZm,,‘ and W, and the increase in ramp rate for the test was
standardised at 5% of W, achieved dunng an habituation test. Therefore subjects attained
- VO,,,,, at a relatively similar time period during each test (usually between the 9th and 11th

min).

5.6.2.1.2 | Pedal cadence

Pivarnik et al. (1988) investigated the effect of pedal cadenee on VO,,,, recorded during
incremental cycle ergometer tests. Analysis of the data revealed no difference in VO,,,
when subjects cycled to volitional exhaustion with pedal speeds of 50 and 90 rev'min™, In
contrast to this, Buchanan and Weltman (1985) found that VO,,,,, was higher when racing

cyclists maintained afpedal frequency of 60 compared with 90 and 120 rev'min™, with no
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difference in VO,,,, with a pedal frequency of 90 and 120 rev'min”. Marsh and Martin,
(1993) recorded the preferred pedal cadence of trained cyclists during a maximal aerobic
capacity test performed using their own racing bicycle attached to a Velodyne™

electromagnetically braked cycle simulator. Analysis of the data revealed that preferred

pedal cadence was 85 + 9 rev'min™,

5.62.2 REPRODUCIBILITY OF VO, |

Several studies have assessed the reprodumbility of VOz,m achieved durmg repeated
maximal exercise tests. Recently Jensen and Johansen (1998) estimated that the test re-test
reprodumbility (CV) for VOz,m in a group of seven trained cyclists was a relatively low
1.9%. This value is less than CVs reported by Harrison et al. (1980) Jones and Kane,
(1979) Katch et al. (1982) and Kuipers et al (1985) of 4. 7 3.8, 5 6 and 7. 9%, respectively
Furthermore Katch et al. (1982) estimated that ~ 90% of total measurement error was due
to biological variability and 10% was due to technical error. Jones and Kane, (1979)
estimated that the variability of VO,,... inereased from 3.8 to 5.1% when measnrements
were taken over a longer period of time (5 days compared with 5 yr) and there was a
further mcrease (3.8 to 10.6%) when each subject's VO,,,, was measured in four different

laboratories.

5.6.2.3 CRITERION MEASURES USED TO ASSESS MAXIMUM OXYGEN UPTAKE

Numerous testing methods have been developed in order to assess the VO, of endurance
athletes (for review see Howley et al. 1995) and the following criteria have been frequently
used to assess whether or not maximal oxygen uptake (VO,,,,) has been achievedduring a
maximal exercise test:- the attainment of a plateau in oxygen consumption with an increase
" in workload or an increase of VO, less than 150 mL-min" (Taylor et al., 1955); a
respiratory exchange ratio in excess of 1.15 (Issekutz et al., 1962); a maximal heart rate
within 5 b-min” of age predicted maximum heart rate (Londeree and Moeschberger, 1982);
and a peak blood lactate concentration greater than 8 mmol-L' (Astrand, 1952).
Unfortunately, there is very little information available concerning the reproducibility and
validity of VO,,,, criteria and physiological variables recorded during a maximal aerobic

capacity test (see Howley et al., 1995).
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5.6.2.3.1 Assessment of a plateau in VO,

Although a plateau in oxygen uptake with an increasing workload is widely accepted as
evidence for the achievement of VO, various authors have questioned whether a
'plateau' in VO, is a physiological phenomenon or an artefact of the testing protocol
(Bassett and Howley, 1997; Howley et al. 1995; Noakes, 1988; 1997 1998). A recent
study by Wood et al (1998a) mvestlgated the vanablhty in oxygen uptake dunng a
max1ma1 test and its 1mphcatlons for the 1dent1ﬁcatron of a VO2 plateau Ana1y51s of the
data revealed that the varxabrhty of VO2 decreased durmg hlgh 1ntensrty exercise (~ 96%,
VOzmu) when compared with sub-maxrmal exerc1se (~ 70% VOz,m) It was suggested that
the VOz-plateau cntenon of Taylor et al. (1955) i.e. an increase in VO2 of less than 150
mL min™ should not be adopted. The authors explained that the value of 150 mL ‘min’! was
derived from measurements of VO, recorded during sub-maximal exercise and therefore
did not provide a valid assessment of the va_riahility in :VOz which _occurs‘ during high
intensity/maximal ‘work. Further investigaticn was suggested in crder to quantify the
;/ariability in VO, during maximal exercise and re-evaluate the criterion value preposed by

Taylor et al. (1955).

The criteria for'a VO,-plateau proposed by Taylor et al. (1955) was established using data
collected during a discontinuous exercise protocol with tests repeated over a period of days
until a plateau for VO, had been recorded. Noakes (1998) argued that the VO,-plateau
recorded by Taylor et al. (1955) may have been due to changes in running economy as a
result of the previous tests. In order to assess the effect of testing protocol on the
achievement of a VO, plateau, Duncan et al. (1997) tested ten runners using continuous and
discontinuous incremental treadmill runs.  Analysis of the data showed that a definite
plateau in VO, was recorded in five runners during the continuous test and six runners
during the discontinuous test. Hewever when Hawley and Noakes (1992) used a
continuous incremental exercise protocol to record VO,,,,, only 38% of subjects showed a
definite plateau of VO, with an increase in external work. Whipp et al. (1981) stated that
when subjects completed a ramped cyclmg test a plateau in VO, was frequently dlscemed
however the same subjects did not show a plateau during incremental tests with 1-min and
S-mrn stages Itis 1mportant to note that Whlpp et al. (1981) measured resplratory gas and
| ‘ B YENTN
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ventilation using a 'breath by breath' gas analysis system and in the work of Duncan et al.
(1997) and Hawley and Noakes (1992) expired air and pulmonary ventilation were

measured using online mixing chamber systems with VO, recorded at 1-min intervals. -

5.6. 2 3. 2 Assessment of maximal RER

The attainment of a maximal RER value >1.15 (Issekutz et al 1962) is frequently cited as
a criterion measure for the achievement of VO, (Howley et al., 1995). However,
Cunningham et al. (1977), Foster et al. (1986) and Sidney and Shephard (1977) have found
that RER is affected by the age of the subject. In the studies of Cunningham et al. (1977)
and Sidney and Shephard, (1977) the proportion of subjects who attained a maximal RER
51.15 was less than 40%. |

Ribeiro et al. (1986), and Zhang et al. (1991) reported that RER values were not affected
by testing protdcol and Tanaka et al. (1996) found‘no difference in RER when subjécfs
performed maximal bicycle ergometer tests in seated and standing positions. Also, Pivarnik
et al. (198'8) found that pedal cadence did not affect RER values recbrded during cycle
ergometer Aexercise’. Howley et al. (1995) fc;und that in 29 investigations which had

assessed VO, about 51% of the studies used RER criterion values ranging from 1.00 to

1.13.

5. 6;2.3.3 Assessmént of peak blood lactate concentration

Few studies have used the criterion measure of peak blood lactate concentration for
establishing VO, (see Howley et al., 1995). As previously outlined in 5.4 of this section
of the thesis differences in sample site, method of assay and testing equipment can affect
blood }astate concentration recorded duripg testing trials. Notably Astrand (1952) reported
that peak blood lactate concentration recorded in young and elderly subjects did not exceed
the criterion value of 8 mmol'L" and Maassen and Busse (1989) found that blood lactate -

recorded post maximal exercise was affected by pre-exercise diet. -

Ribeiro et al. (1986) recorded no difference in peak blood lactate when subjects performed
a fast (60 W-min™) compared with slow (15 W-min™) incremental maximal test. Similarly,
Astrand and Saltin (1961) and Yoshida (1984) found that test duration and maximal

workload did not have a signjﬁcant affect on peak blood lactate values recorded at the
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cessation of exercise. Similarly, Ricci and Leger (1983) found no difference in peak blood
lactate concentration when subjects performed three modes of maximal testing i) treadmill
running ii) bicycle ergometer, and iii) velodrome cycling. Also Tanaka et al. (1987) found
that peak lactate was similar when subjects completed a treadmill running test and bicycle
ergometer test while standing and Tanaka et al. (1996) reported no difference in peak blood
lactate when cyclists performed a maximal bicycle ergometer test in seated and standing
positions. Unfortunately in the study by Astrand and Saltin (1961) time at which the blood
sample was taken was not reported however Astrand and Rodahl (1986) and Billat (1996)
suggested that peak blood lactate concentration could be determined between 5-9 minutes
post maximal exercise. Notably, other studies have assessed peak lactate with a blood
sample taken at 4 (Sitkowski et al, 1993) and 5 mins (Ricci and Leger, 1983) post
exercise. In order to determine peak blood lactate Tanaka and co-workers sampled blood
between 4 to 5 (1987) and 3 to 6 (1996) minutes after the termination of maximal exercise
and Ribeiro et al. (1986) assessed peak lactate using blood samples taken at 2, 4, 6 and 8
min during recovery, however the time at which peak lactate occurred during this time
period was not reported. It is worth noting that several authors have assessed the
~ reproducibility of peak blood lactate recorded post maximal cycling exercise and have
calculated CVs between 7.2 to 11% (for review see Vandewalle et al. 1987). However, in a
more recent study by Jensen and Johansen (1998) CV for peak blood lactate recorded

following maximal cycling exercise was 14.9%.

5.6. 2 34 Assessment of maxtmal heart rate

Max1mum heart rate (HRm) achleved during a max1mal/peak aerobxc capacrty test has‘
been frequently used as a cnterla for VO, and several authors have assessed the affect of
testmg protocol on the attalnment of HRTrmx Notably the work of Astrand and Saltin, (1961)
and YOShlda (1984) showed that values for heart rate were not affected by the duration of
the test and Zhang et al (1991) found no dxfference in heart rate values recorded dunng
ramp and mcremental exercise. In contrast to these ﬁndmgs Dav1s et al (1982) found that
maximal heart rate was s1gmﬁcantly lower when subjects completed a 100 W-min ramp
test when compared with 20, 30, and 50 W-min" tests. It was noted that heart rate was
successively higher as the duration of the ramp tests increased. This finding was confirmed

by the work of Ribeiro et al. (1986) who reported that heart rate was higher during an
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incremental test with a 15 W-min" (slow) increase in work rate when compared with an-
increase of 60 W-min™'. Not surprisingly, there was a notable difference in test duration
between the slow protocol (~ 23 min) compared with the fast prot?coi (~ 10 ’min). Ingier
(1991) showed that testing protocol can affect the asSessrnent of maximal heart»rate. -
Analysis of the data revealed that runners achleved the hrghest heart rate dunng a senes of
~‘all-out' 3-4 min runs performed on a treadm1ll w1th a3° uph111 lnchnatron The effect of
exercise modalrty on maxrmal heart rate was 1nvest1gated by Tanaka et al ( 1987) In thrs |
study subjects completed a treadmrll runmng test and a brcycle ergometer tests wrth toe- |
strrrups while standing. Maximal heart rate was s1gn1ﬁcantly higher durmg the treadmﬂl
test. When the effect of cycling position on maximal heart rate was assessed by Tanaka et
al. (1996), no difference was recorded when subjects completed a maximal bicycle
ergometer test in seated and standing pos1t10ns Pivarnik et al. (1988) 1nvest1gated the
effect of pedal cadence on heart rate recorded during a maximal brcycle ergometer test and k

found no difference when subjects were requlred to maintain a pedal cadence of 50 and 90 :

rev-min™.

Several authors (Astrand and Saltin, 1961; Harrlson et al 1980 Jensen and Johansen e
1998 Jones and Kane, 1979) have assessed the reproducrblhty of lndlvrdual maxrmal heart
rate recorded dunng exercise tests. Astrand and Saltin (1961) reported that the standard
devratxon for mammal heart rate recorded dunng exercrse to exhaustron performed ona
cycle ergometer was + 3 bmin ' (1 SD) and Jones and Kane (1979) calculated CVs for‘

maxrmal heart rate values recorded over a short (~ l month) and long (~ 5 yr) penod of o
trme were £ 3. O% and  4.7%, respectwely In the study by Hamson etal. (1980) CV for |
maximal heart rate during a six month period of testrng was ~2 1% and more recently f
Jensen and Johansen (1998) reported a test re-test CV of L. 3% Howley et al (1995)
discussed the vahdrty of using a maximal heart rate value based on an age predlcted values
| vand argued that the error in the equatxon used to predict maximal heart rate was + 11 bmin’
a SD); Therefore investigators were advised not to use age predicted maximum heart rate

as criterion for VOyuu.
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5.6.2.3.5 Assessment of VCO,,,,

Very few studies have assessed the reproducibility of maximal VC_O2 recorded during a
VO, test (Jensen and Johansen, 1998; Jones and Kane, 1979). Jones and Kane (1979)
calculated that the CV% for VCO?,,‘.M was ~ 4.2% when subjects were tested on five
consec_:utive days. Similarly, Jensen and Johansen (1998) estimated that the CV for VCO,
was within a range of about 4.75-5.25%. Notably, Jones and Kane (1979) found that the
CV for VCO,,,, increased to ~ 11.5% when assessed over a period of five years. There is
no information valaible conceming the effect of testing protocol on the assessment of
VCOjmaxs -

5.6.2.3.6 ASSessmént ’ovf Vema

Jensenv énd Johansen (1998) estirhated that the test re-tesf rei)roducibility of VE@ was
11.8% and in the,study by Jones and Kane (1979), CV for Vu, was calculated as 8%
Interestingly Johgs and Kane (1979) reported that CV qalcﬁ]ated for Vemx Was reduced
from 8 to 5.0% when Vg, was assessed over five years. One possible explanation for this
was that subjects were not fully habituated to the demands of maximal exercise testing and
that bibfogicél variability over a longer period of time was less for Vg,,, when compared

with VO,. It is reasonable to assume that training/detraining affected VO, more than V.

Several studies (Davis et al., 1982; Ribeiro et al., 1986; Yoshida, 1984; Zhang et al., 1991)
have assessed the effect of testing procedure on Vi, Yoshida (1984) reported no
difference in VE,,;,,‘ achieved during incremental exercise tests of ~10 and 32 min duration, -
and Ribeiro et al. (1986) found no change in Vg,,, when subjects performed incremental
tests with an increase in workload of either 15 or 60 W-min. Similarly Davis et al. (1982)
and Zhang et al. (1991) found values for Vemsx Were similar when tests were performed -

using different ramp rates.

5.6.3 THRESHOLD EXERCISE INTENSITY

Physiological tests which identify and quantify a threshold exercise intensity have been
used to assess the effects of training (Londeree, 1997), to predict endurance performance
(Farrell et al., 1979; Roecker et al., 1998) and to estimate MLSS (Jones and Douét, 1998).

The threshold concept of exercise performance has evolved from the hypothesis that the
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power, running speed and VO, at threshold is a key determinant of endurance performance
(Coyle, 1995). In order to provide meaningful information threshold parameters have to be
both valid and reproducible. This section considers research which has investigated

methodological issues which affect the assessment of threshold exercise intensity.

5.6.3.1 EFFECT OF TESTING PROTOCOL -

5 6.3. 1 1 Ejfect of ramp rate

Very few studies have assessed the affect of ramp rate on the determination of threshold
exercise intensity. Ribeiro et al. (1986) found that ramp rate of 15 or 60 W-min™ did not
affect power at TLac but did affect power output at LTP. However in contrast to this, VO,
at TLac and LTP were not affected by the testing protocol. Campbell et al. (1989) found no
difference in VO, (L-min‘f) at TLac when ramp rate was 8 and 15 W-min™ but VO, at TLac
was significantly higher when subjects completed a 50 W-min ramp test (2.05, 2.04 and
2.24 L-min" for 8, 15 and 50 W-min™ ramp rates, respectively). Unfortunately Campbell

and co-authors did not investigate the effect of ramp rate on power output at TLac.

5.63.1.2 E ffect of stage duration

Several studles have 1nvest1gated the effect of stage duratlon on the assessment of
threshold vanables Yoshlda (1984) recorded runmng speed and VO, at TLac and OBLA
during 1ncremental tests with 1 and 4 min stage duratron and found that testmg protocol did
not affect VO2 at TLac or OBLA but drd affect runnmg speed at TLac and OBLA ThlS |
ﬁndmg was conﬁrmed by other 1nvest1gators who reported that stage duratlon 51gn1ﬁcant1y
affected power output at TLac (MacFarlane et al 1983 Smlth etal., 1997) but not VO2 at
TLac (Smlth et al 1997)

McLellan (1985) reported that increment duratlon did not affect the determmatxon of VO2
at OBLA durlng three contmuous 1ncrernental cyclmg tests w1th elther 1, 3 or § minutes
stagc duration. In contrast to this work, Watts et al. (1998) found that stage duration during
an incremental test did not affect VO, and HR at OBLA however there was a significant
change in power at OBLA when subjects completed discontinuous incremental protoeols
with a stage duration of 2 and 4 mins, notably no difference was found in power at OBLA

when stage duration was either 4 or 6 mins. Stockhausen et al. (1997) calculated that the :
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time required to reach a quasi-steady state blood lactate concentration exceeded two mins
when stage increment was above 10 W. Unfortunately, Watts et al. (1998) did not report -

the increase in power for each stage of the test.

5.6.3.1.3 Continuous versus discontinuous protocols

Very few studies have assessed the effect of using continuous and discontinuous tests to
identify and quantify threshold exercise lntensity. Gullstrand ez al. (1994) investigated the
effect of a 30-s pause on the determ1nat10n of TLac during an 1ncremental test and found
that there was no drfference between contmuous and discontinuous modes of exercrse Thrs
study has been crted on several occasions by mvest1gators who have used an mterrupted
test protocol to assess threshold exercise mten51ty (Carter et al., 1999 Jones and Doust,
1998) Itis generally believed that durlng an 1ncrementa1 test the duratron of each stage is
an important methodologlcal issue in order to allow sufﬁcrent time for blood lactate

concentration to achieve a quasi-steady-state (Stockhausen et al., 1997).

Weltman et al. (1990) int/estlgated the”effect of testing protocol on the running speed
(kmh'), VO, (mL-kg min’ 'Y and HR (bmm D) at TLac and OBLA detected dunng
contmuous and discontinuous 1ncremental tests. No dxfference was found between testmg
methods for vanables determmed at TLac and OBLA However standard error of estimates
(SEE) calculated for TLac and OBLA from the regress1on of contmuous and d1scont1nuous
methods were higher for V@TLac (kmh'), VOz@TLac (mL-kg-min™) and HR@TLac
(b mm ») than V@OBLA VO,@0BLA and HR@OBLA 3. 58 13.1 and 6 5vs 199, 6.5 |
and 3.7, respectlvely) There is appears to be no 1nformat10n avallable concerning the -
effects of contlnuous versus dnscontmuous exercrse protocols on the assessment of
threshold intensity dunng other modes of exerclse Dunng a drscontmuous 1ncrementa1
cycllng protocol subjects are requrred to accelerate their power output m order to achleve
the required power of the subsequent stage. The effects of this extra power on the

determmatlon of threshold excrcrse 1ntens1ty has not been 1nvest1gated

5. 6.3.1.4 Effect of testing protocol on the determination of lactate minimum threshold

The lactate mlnlmum test (Lac,,,,,,) is a relatlvely new method of determmmg the anaerobic
threshold and maxrmal lactate steady state (Tegtbur et al 1993) As prevrously descnbed |

in chapter one of this thesis, the lactate minimum pomt (LMP) is desngnated as the VO
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(VO,@LMP) power output (W@LMP) and HR:(HR@LMP) corresponding to the
minimum blood lactate concentration determined during an incremental test completed

after a bout of intense exercise which induced lactic acidosis (Tegtbur et al., 1993).

Several authors have investigated the effects of testing protocol on the determination of
V@LMP (Carter et al., 1999) and W@LMP; (Caine et al., 1997; Davison et al., 1998;
Morgan, 1997; Smith et al., 1998). Investigators have evaluated the effect of lactate
elevation mode on W@LMP (Smith et al., 1999) and VO,@LMP (Caine et al., 1997) and
found no difference when trained cyclists performed repeated sprint tests and a Kingcycle
PP test in order to induce lactacidaemia (Smith et al., 1999). Similarly, no difference was
found for VO,@LMP when physically active subjects completed either a Wingate sprint

test or a progressive incremental VO, . test to induce lactacidaemia (Caine et al., 1997).

Carter et al. (1999) Davison et al. (1997) and Morgan (1998) 1nvest1gated the effect of
startrng intensity for the second part of the Lacmm test on the determination of LMP.
Notably Carter et al. (1999) found that startlng 1ntens1ty 51gn1ﬁcant1y affected V@LMP
when using the Lac,, test described by Jones and Doust (1998) In agreement with this
ﬁndmg Davison et al. (1997) and Morgan (1998) found that starting intensity (calculated as
a percentage of W, achieved during PP) had a significant affect on W@LMP. Davison et
al. (1998) also showed that ramp rate during the second part of the test affected the power
output at Wthh the nadlr in blood lactate concentratlon was recorded Analysis of the
blood lactate response recorded durmg the second part of the Lacmln test revealed that a
faster ramp rate 1ncreased the power at LMP Unfortunately Carter et aI (1999) and
Davison et al. (1997) d1d not report data concernmg the affect of Lacmm testmg protocol on
values for VOz@LMP However, Morgan (1998) found that VOQ@LMP and HR@LMP
was hlgher when the second part of the test was m1t1ated at 65% W, When compared with
60% Wiy, With no dlfference between VO;@LMP and HR@LMP when the starting
intensity was 65 and 70% of Wpeak o

5.6.3.2 EFFECTOFDIET

Blood and muscle lactate concentrations are altered by diet and exercise or the combination

of diet and exercise (Gollnick et al., 1986). Consequently studies have reported a decreased |
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blood lactate concentration following overtraining (Jeukendrup and Hesselink, 1994) and
dietary modification (Hughes et al., 1982). Maassen and Busse (1989) obsefved a
~ significant increase in power output at OBLA when subjects ingested a low carbohydrate
diet when compared with a high carbohydrate diet, however in the study by Hughes et al.
(1982) glycogen depletion affected blood lactate concentration associated with the
occurrence of TLac, but not power and VO, at TLac. Similarly Quirion ef al. (1988) studied
the effects of dietary modifications on TLac and OBLA during progressive incremental
exercise and found that the ingestion of either a high carbohydrate rich or fat rich diet did
not significantly alter VO, at TLac and OBLA and Tegtbur et al. (1993) found that
diminished muscle glycogen stores did not affect running speed and blood lactate

concentration at lactate minimum point.

5.6.3.3 EFFECT OF TESTING EQUIPMENT

There is very little mformatlon avallable concerning the affects of testing equipment on the
determination of a threshold exercise intensity. However studies which have investigated
the effect of using different breathing assemblies on TLac (Dooly et al., 1996) and T,,,
(Dooly et al., 1996; Evans and Potteiger, 1995) have found that breathing assembly can

affect respiratory rate and tidal volume recorded during progressive exercise but not VO, at

TLéc. '

5.6.3.4 PEDAL CADENCE

Buchanan and Weltman (1985) found that pedal cadence (rev'min') affected the
determination of VO, at OBLA but not TLac. An impoftaﬁf finding of this study was that
pedal rate had a significant affect on power at TLac and OBLA. Power at TLac and OBLA
was lowef when cadence was 120 rev-min™ compared with 60 rev-min” but was similar
when pedal cadence was 90 and 120 rev'min™. Also, power at OBLA was lower at 120
rev-min” when compared with 60 and 90 rev'min" with no difference between 60 and 90
rev-min". Similarly, Hughqs et al. (1982) assessed the effect vof pedal cadénce oﬁ power
and VO, at TLac. No difference was found for \7702 at TLac when subjects cycled at 50 and

90 rev-min™ however power at TLac was significantly lower with a faster pedal rate. -
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5.6.3.5 METHODS USED TO DETECT THRESHOLD INTENSITY

Studies by Beaver et al. (1985; 1986), Campbell et al. (1989) and Sherrill ef al. (1990)
have compared the use of different statistical methods to detect a blood lactate threshold
level of performance. In the study by Beaver et al. (1985) threshold exercise intensity was
identified using a continuous incremental exercise protocol with an increment of 15 W-min’
! and blood samples collected every 2 min. Log-log transformation was used to determine

TLac as the point of intersection between two linear regression lines (an example of this

method is shown in Figure 6).
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Figure' 6 (a). A typical blood lactate response relative to power output during an
incremental exercise test (b) shows the log-log plot of blood lactate vs power output. The
two segments of data points are obtained using visual inspection of Figure 6 (a). Linear

regression lines are fitted and the intersection point is identified as the blood lactate

threshold (TLac)
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An important feature of this method is that the division point between the two segments
was selected visually to detect the point at which the steep portion of the curve occurred.
Due to the time gap between blood samples it was necessary to estimate the point at
threshold. It was assumed that the point of intersection of the linear regression lines would
determine the point of 'transition' between below and above threshold conditions,

regardless of the time between samples and the increase in workload between stages.

Campbell et al. (1989) compared the log-log threshold detection model of Beaver et al.
(1985) with a continuous exponential model. Analysis of the data revealed that the mean
square error for the residuals between actual and predicted values from the regression of
blood lactate on oxygen uptake was significantly higher in the threshold model compared
with the continuous model. The authors concluded that the increase in blood lactate during

an incremental exercise test did not exhibit a threshold response.

In order to determine the nadir in blood lactate concentration (LMP) during the lactate
minimum test Carter et al. (1999), Jones and Doust (1998) and Tegtbur et al. (1993) used a
cnbic spline function. In contrast to this Davison et al. (1997) assessed LMP using »a
second order polynomial function. Notably Morgan (1998) investigated the effect of using
cubic spline and 2nd order polynomial functions on the _determination of W@LMP and
found that there was no difference (P = 0.95) between methods however limits of

agreement for W@LMP identified using spline and polynomial functions were £ 13 W,

5.6.3.6 REPRODUCIBILITY OF THRESHOLD INTENSITY

Incremental tests prov1de a reproduc1ble method of assessment of TLac (Dnckhuth etal.,
1999) OBLA (Jensen and Johansen 1998) and IAT (McLellan and Jacobs, 1993), however
there is no information avallable concernmg the reproducnblhty of lactate thresholds

denved from ramped exerc1se protocols and lactate mlmmum tests.

Several studies have assessed the reproduc1b111ty of exer01se mtensuy (power outpﬁt or
runmng speed, VO2 and HR) at threshold. For 1nstance Pﬁtzmger and Freedson (1998)
calculated that the blased co-efﬁment of variation (CV%) for running velocity (km-h™),
VO, (mL-kg"min") and HR (b-min’ ') at OBLA were 1.4, 2.9 and 1.2% respectively with
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95%CI estimated as + 1.14 (km'h'), + 3.0 (mLkg"min') and + 3 (b-min™). Testing
protocol consisted of a six stage progressive discontinuous incremental treadmill test. The
duration of each stage was 5 min with 1 min rest between each increment. Level of activity
and pre-trial preparation were controlled prior to each test and dietary analysis was used to

evaluate pre-exercise dietary intake before each trial.

Jensen and Johansen (1998) completed a similar assessment of the reproducibility of
exercise intensity detected at OBLA in a group of trained cyclists. Test re-test CV%
calculated for power ‘output (W) VO, (L'min") and HR (b min™) were 5.9, 7. 7 and 2.4%
respectively w1th 95%CI of £ 18 (W), % 030 (L min l) and + 4 (bmm . SUb_]eCtS
completed a ﬁve stage progresswe continuous mcremental blcycle ergometer test. The
duration of each stage was 5 mln and each blood sample was collected durmg the last min
of each stage. Pre-trial preparation was controlled however dietary intake prior to each
trial was not checked with dletary analy31s Both studies (Jensen and Johansen, 1998;
Pﬁtzmger and Freedson, 1998) collected blood samples from a ﬁngertip and used the same

blood lactate analyser to measure blood lactate concentration

The finding that the CVs for power and VO, at OBLA reported by Jensen and Johansen
(1998) were higher than values estimated by Pfitzinger and Freedson (1998) is difficult to
explain. However, total measurement error (CV%) consists of technical error in the
equipment and biological variability of the subject (Atkinson and Nevill, 1998). In the
study by Heitkamp et al. (1991) the relative contribution of biological variability to overall
measurement error was highlighted when investigators found that running tests performed
on a treadmill were affected by the training status of the subject and the level of habituation
to treadmill running prior to each test. Jensen and‘ Johansen (1998) assessed CV using a test
re-test comparison, therefore an improvement in CV across successive ttials ‘was not
evaluated. Pfitzinger and Freedson (1998) did not calculate CV across trials (1 to 2 and 2to
3) therefore the effect of test habituation on reproduc1b1hty was not con51dered It is likely
that methodolog1ca1 controls mcorporated by Pfitzinger and Freedson (1998) 1mproved the

reproducibility of the variables assessed.
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Armstrong and Costill (1985) estimated that the day-day vaﬁation in VO, and Vg recorded
during a progressive incremental exercise test would be about 4.0% and 3.6% respectively.
' These calculations were based on a 68% conﬁdence interval, therefore foc 95% confidence,
it was suggested that values of 8 and 7% for VO, and V; were more approprlate Notably,
technical error and day to day var1at10n in blood lactate concentration was assessed and
total measurement error (CV%) was 13%. Consequently the authors questioned the valldlty

‘of using a fixed blood lactate concentration to detect a fixed threshold exercise intensity.

5.6.4 ENDURANCE PERFORMANCE

Varlous factors can influence cycling endurance performance these include; diet,
thermoregulation, altitude and training. It is beyond the scope of this thesis to consider the
multiple effects of these factors however a recent textbook by Gregor and Conconi (2000)
can be used as a reference for further investigation. Studies which have used laboratory
based simulated cycling time trials to assess performance have allowed subjects to self-
select gear ratio and pedal cadence (El-Sayed et al., 1997; Palmer et al., 1996, 1997, 1998)
provided feedback on distance covered (Palmer et al., 1996, 1997, 1998) and verbal
encouragement during testing trials (El-Sayed e al., 1997).

5. 6 4. 1 REPRODUCIBILITY OF POWER

Jeukendrup et al. (1996) assessed the rcproducxbxhty of endurance capac1ty and endurance
performance tests and found that the coefﬁc1ent of variation (CV%) for endurance capacity
was significantly hlgher when compared w1th endurance performance (26% vs 3.5%,

respectively). Table 11 shows mean CV calculated for endurance performance time trials.

Atkinson et al. (1999) reported that the test re-test 95% ratio limits of agreement for time
to complete a 16.1-km time trial were x/+ 1.08 (~ 8%) which equates to a CV of ~ 2.9%
(Bland, 1996). Hopkins et al. (1999) found that CV for power achieved during repeatcd
time trial tests was also consistently higher than CV for completion time. This discrepancy

was due to the non-linear relationship used to convert power to speed in order to imitate

cycling performance when using a cycle simulator.
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Table 11. Mean CV% for time trial performance time (min:s)

Study Subjects Tests Time Cv
| m |k (minis) - [ (%)

Hickey et al. (1992) 8 . 4 105:00 1.01
Jeukendrup et al. (1996) 10 5 62:13 3.40
Westgarth-Taylor et al. (1997) | 8 2 57:12 1.00
Lindsay et al. (1996) 8 3 57:05 - 0.89
Hickey et al. (1992) 8 4 12:00 0.95
Hickey et al. (1992) 8: 4 00:55 243 .

5.64. 2 REPRODUCIBILITY OF HEART RATE

Very few studies have assessed the reproducrbrhty (CV) of average heart rate recorded
during endurance performance tests. However, Bishop (1997) calculated that the CV for .

average heart rate during a 1-h performance ride was 2.0%.

5. 7 SUMMARY

Vanous testrng methods have been developed to quantlfy selected physro]ogrcal responses
during endurance capacrty tests. Numerous studles have highlighted methodological issues -

concerning different types of testing equipment and assessments. Investigators need to be

aware of these issues when comparisons are made within and between studies.
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CHAPTER 6

6 A COMPARISON OF POWER RECORDED USING A
KINGCYCLE AND SRM POWER METER

6.1 INTRODUCTION

In order to oroduce a valid and reprodlicible assessment of performance capacity in racing
cyclists it is essential to quantify the measurement error of equipment used to record
exercise data (Atkinson and Nevill, '1998). The power output of elite cyc‘lists is a key
determinant of endurance performance (Coyle et al., 1991) and therefore the validity of a |
power measuring device is extremely important; when comparing performanoe between
cyclists, ‘monitoring the effectiveness of training or investigating the use of ergogenic aids.
This is particularly significant when a test is performed on different cyclists and used to
establish a performance criterion for team selection and talent identification. The
reproducibility of a cycling performance test has important 1mp11catlons on research design
and the sample size required to detect the smallest worthwhile changes in performance
(Hopkins et al., 1999; Schabort et al., 1998b). However few studies have assessed the
relative contribution of technical error and biological variability to the reproducibility of

cycling performance tests.

The Kingcycle air-braked cycle ergometer (which allows cyclists to ride their own bicycles
tn a lalooratory setting) -has been used in various studies to assess the reproducibility of
laboratory based cycling performance (Palmer et al., 1996; Schabort et al., 1998a)
investigate the effects of training on maximal power (Lindsay et al., 1996; Westgarth-
Taylor et al., 1997) and study the effects of ergogenic aids (El—Sayed et al., 1997; Hawley
et al., 1997, Palmer et al., 1998) on endurance performance. Surprisingly, there is no
1nformatlon avallable concerning the reproducibility and validity of power output recorded

using the Kingcycle system.

Recently, Jones and Passﬁeld (1998) and Martm et aI (1998) reported that the SRM power
meter (an 1nnovat1ve cycle ergometry system whlch records power output durmg laboratory

and field based trlals) prov1des a valid (Jones and Passfield, 1998; Martin et al., 1998) and
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reliable (Jones and Passfield, 1998) measure of power when compared with a Monark

cycle ergometer.

Martin et al. (1998) reported the difference between SRM power and Monark power to be
2.36 % (* = 0.997). It was suggested that the difference in power output between SRM and
Monark was due to a loss of power (~ 2%) in the ergometer chain drive system. This
postulate is supported by the work of Kyle and Caiozzo (1986) who reported that losses in
power transmission increased with power output and were between 1.9-3.9% for the range
of power outputs used in the study of Martin er al. (1998). It is worth noting that
transmrssron losses vary with pedal rate and power output which explains the difference
between the values reported by Kyle and Caiozzo (1986) and Martm et al. (1998) (50

rev-min’ compared with 90 rev-min’ respectxvely)

Jones and Passfield (1998) showed that the random error calculated usmg ratio limits of

agreement (Bland and Altman, 1986) for SRM compared Wlth Monark were + 1.8% with
no significant (P>Q.05) bias between the SRM system and Monark ergometer. Also, Jones
and Passfield (1998) compared 4 and 20 strain gauge SRM and using 95% ratio limits of
agreement found that the 4 strain gauge power meter provided a less reliable measure of
power output compared with the 20 strain gauge SRM (£ 1.8 and * 0.3%, for 4 and 20
strain gauge SRM respectively). Van Praagh et al. (1995) stated that the error in power

output recorded using a cycle ergometry system should be within + 5%.

6 2 AIM OF STUDY 1

To evaluate the vahdlty and reprodumblhty of a cycling ergometry system for the

assessment of cycling performance.
6.3 OBIJECTIVES

6.3.1 PART1

To comp‘are power recorded using the Kingcycle ergometer and SRM powermeter during'a
continuous. incremental exercise test (LT ), a peak power test (PP) and a laboratory based

16.1-km cycllng time trial (LTT)
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6.3.2 PART2

To compare power recorded using the Kingcycle and SRM powermeter during two

continuous incremental exercise tests (LT;,.).”

6.3.3 PART3

To compare power recorded using the Kingcycle and SRM powermeter during three
Kingcycle peak power (PP) tests using a stabilising kit with calibration checked against
SRM. ’

634 PART4

To compare power recorded using the ngcycle and SRM powermeter durmg two peak

power (PPys) tests completed w1thout the use of a stabrhsmg kit and cahbratron check

6.4 METHODS

Before testmg, each partrcrpant gave wntten informed consent when the nature and purpose
of the tests had been fully explamed Before partrcrpatmg in the exercise trials subjects
underwent habituation sessrons in order to familiarise themselves with the testmg
procedures. Throughout each trial, ]aboratory conditions were maintained (amblent
temperature 18-22°C, relative humldrty 45- 55%) and subjects were cooled using an electric

fan.

Body mass was measured to the nearest 0.1 kg by means of beam balance scales (Seca
Germany) Pre-tnal body mass was recorded on each visit to the laboratory with the subj ect
barefooted, havmg removed all items of clothmg except for cyclmg shorts. Standmg body
height measurements were recorded to the nearest 0.5 centimetre by means of a beam

balance scales mounted stadiometer (Seca, Germany).

For each testmg trial, subjects used a racmg blcycle fitted with a SRM power meter (SRM
Jiilich, Welldorf, Germany) with brcycle attached toa ngcycle test rig (EDS Portaprompt
Ltd Hrgh Wycombe, UK). Power output (W) was recorded per l min usmg a ngcycle
rig with 5.5 computer software samplmg at a frequency of ~ 0.5 Hz personal
ommumcatron and by either a 4 or 20 strain gauge SRM with pedalhng torque mductrvely

transmltted at 500 kHz with power recorded at l-s mtervals (Jones and Passfield 1998).
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For all comparisons of power output reported in the study the average power recorded
during a 60-s period was calculated. The calibration procedure and technical description of
the Krngcycle test rig with 5.5 software has been previously described by Palmer etal.
(1996) A full description of the technical aspects of the SRM has also been provrded by
Jones and Passﬁeld (1998).

In order to calculate power output usmg the ngeycle ng wrth versron 5 5 computer
software (EDS Portaprompt Ltd Hrgh Wycombe, UK), brcycle rear tyre pressure was
standardrsed usrng a tyre pump wrth pressure gauge (Sllea Italy) The subject's blcycle was
secured to the ergometer by the front fork and supported by an adjustable plllar whrch
rested beneath the bottom bracket Through the vertrcal adjustment of the plllar the helght
of the bottom bracket was changed to standardise the rolling resistance placed on the rear
tyre of the b1cyc1e by an arr-braked ﬂywheel This was achreved through a series of 'run
down' calrbratrons dunng whrch the subject produced a power output of ~ 300 \''A
? 1mmed1ately stopped cycling and marntarned therr ‘normal racing posmon durmg the
deceleratron of the flywheel the herght of the plllar was adjusted so that a computer drsplay
’ eonﬁrmed the slowmg of the ﬂywheel was equal to the power decrease ofa 65 kg cychst :

: W1th the rolhng resrstance equal to that of a 65 kg cychsts rrdmg on level terram an IBM |

. compatible computer calculated the power output (W per minute) from the angular velocrty -

" of the flywheel using the following equation: Power output (W) = 0. 000136 (rev's Ty +

1.09 rev- s, Revolutions per second (rev-s™) were monitored usmg a photo-optic sensor
(ngcycle 5.5 software, samplrng frequency ~0.5 Hz) The speed relative to power output
(flywheel velocity) was calculated usmg the followrng equatron Speed (km h l) 3 0445 ( ‘

power output (W) °“38)

In order to record power using the SRM ‘ergometry system the'chain-set of the subject's
bicycle was removed and replaced by either a 4 or 20 strain gauge torque transducer 'poWer
" meter'. This transformed the force on the pedals (torque) and the pedal cadence (rev-min™)
into a digital srgnal ‘transmitted telemetrically (inductively transrnrtted at 500 kHz) to a
sensor on the bicycle frame. Once fitted to the subject's blcycle the power meter was

calrbrated using the appropriate system software. Power output W) reeorded using SRM

was calculated from the formula Power (W) (F X D)/T with F; ‘the torque (Nm) measure d
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by the strain gauges and D; the angular velocity of the crank set (cadence x 2m; rad-s”) and

T; the unit time (s) F and D are recorded.

6.4.1 PART1

6 4 1.1 SUBJECTS

Twelve endurance trained male cyclists who regularly competed in local cycling time trial
races participated in this part of the study. Subjects included highly trained senior (n = 6)
and veteran cyclists (n = 6). Each subject completed three exercise tests i) a continuous
incremental exercise test (LTi,,c), ii) a peak power test (PP) and iii) a 16.1-km time trial
(LTT). Tests were performed at the same time of day and separated by at least one week

Charactenstlcs of the subjects are shown in Table 12,

Table 12. Characteristics of subjects who participated in study 1 (mean + SD)

Part - |0 Age(yr) | Height (m) Body mass (kg)

1 12 43+ 16 180006  [76.149
R g 22%15 | 1.83£0.06 ~[756%55
3 9 13245 1.79£0.04 71147
4 9 34113 1.840.05 75.1£6.0

6.4.1.2 KINGCYCLE CONTINUOUS INCREMENTAL TEST (LT yc)

The duration of each increment was 4 min, with work rate increased by 24 W per stage
| with the required power output designated by the Kingcycle software. Starting power was
45% of W, achieved during a habituation peak power test. Incremental stages were
continued until subjects were unable to maintain the required power output. For
comparlson purposes the average one min power output recorded during the third min of
each increment was calculated. - The first two minutes and the fourth minute of each stage
were not used for comparison due to the difference in power recorded using SRM when
subjects were requlred to increase the workload between stages. This was due to the
anoma]y that the Kingcycle test rig recorded power based on the angular velocity of the

flywheel and SRM recorded power output based on the angular torque within the crank set.
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Therefore the extra power required to increase the angular velocity of the flywheel was

recorded using SRM but not Kingcycle. .

6.4.1.3 KINGCYCLE PEAK POWER (PP) TEST

On arrival at the laboratory, blcycle rear tyre pressure was standardlsed using a track pump
with tyre pressure gauge (Silca, Italy) and calibration of the Kingcycle test rig was
completed as previously outlined. For each PP test, subjects were instructed to warm-up at
a self selected intensity. On completlon of their warm-up each subject completed five
mmutes of continuous cycling, maintaining the startmg power calculated for the PP test.
Dunng the PP test work rate increased per min by 50+ 0 2% (mean i SD) of peak power
achieved dunng an habituation test. Ramp rate during the test ranged from 15 to 25 W:min™
! dependent on each individual cyclist's predicted peak power. Starting power output for
the test was calculated for subjects to reach volitional exhaustion between 9-11 min.
Durmg tests gear ratlo and pedal cadence (rev min') were self selected Peak power (Weead

was calculated as the highest average power recorded dunng any 60-s period of the test

6.4.14 LABORATORY BASED KINGCYCLE 16. 1-KM TIME TRIAL (LTT)

Each sub_lect completed a laboratory based 16.1-km tlme trial (LTT). Prior to the time trial
each rider was instructed to follow their normal preparatlons for competmg in a 16.1-km
race. During the tlme tnal subjects were 1nformed of elapsed tlme (mm s), distance covered
(km) and heart rate (b min"). To 1m1tate racmg condmons each cycllst raced agamst a
performance matched rider usmg another Klngcycle test ng Durmg each race verbal

encouragement was provided by the same 1nvest1 gator
6.42 PART2:

6. 4 2. 1 SUBJECTS '

- Eight subJects completed two continuous incremental exercise tests Wthh were separated
by one week. All subjects were competitive cyclists who had previous experience of the

testing procedure. Characteristics of the subjects are shown in Table 12.

6.4.2.2 KINGCYCLE CONTINUOUS INCREMENTAL TEST (LT)yc)

Following a five min warm-up at a power output of about 45% of W,,,,, subjects completed

a continuous incremental exercise protocol. Starting power was ~ 45% W, and workload
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increased by 24 W at the end of each 4 min stage. Subjects selected their own pedal
cadence (rev'min’') and were allowed to change gear ad libitum. The test was completed
when subjects reached volitional exhaustion. For comparison purposes the average one min

power output recorded during the third min of each increment was calculated.
1643 PART3

6.4.3.1 SUBJECTS
Nine highly trained competitive cyclists completed three Kingcycle peak power (PPg) tests,
performed at the same time of day and separated by at least one week. Characteristics of

the subjects are shown in Table 12. -

6.4.3.2 . KINGCYCLE PEAK POWER TEST (PP,)

Before each PP test, a stabilising kit (supplied by the manufacturers of the Kingcycle) was
fitted to the Kingcycle ergometer. This consisted of a strap fed through the rails of the
subject's bicycle saddle and secured firmly to the ergometer frame. The stabilising kit was
used to minimise changes in resistance between the tyre of the bicycle rear wheel and the
roller of the air-braked flywheel. During the standard calibration procedure for the
Kingcycle, the bias between SRM (W) and Kingcycle (W) was checked and tfxe Kingcycle
ergometer was adjusted until the difference in power recorded using the two systems was
standardised at SRM (W) =~ 0.90 of Kingcycle (W). The value of 0.90 was based on data
collected from previous tests which had compared power recorded using each ergometry
system (Balmer, unpublished observations). For each PPg test, subjects were instructed to
warm-up at a self selected intensity. On completion of the warm-up each subject completed
a peak power test as previously described. Ramp rate selected for the first PPy test was
- repeated for subsequent tests. Peak power (W) achieved during the test was calculated as
the highest average power during any‘60-s period of the test using Kingcycle (Kingye.)
and SRM (SRMy,,). Subjects were not informed of their performance until all PPg tests

had been completed.
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6.44 PART4

6.4. 4 1 SUBIJECTS
Nine h1ghly tramed competitive cyclists completed two ngcycle peak power (PPNS) tests

Wthh were performed on two separate occasions separated by amean + SD period of 54

32 days. Characteristics‘ of the subjects are shown in Table 12.

6.4.4.2 KINGCYCLE PEAK POWER TEST (PPy)
Each subject completed two Kingcycle peak power tests (as previously described above)
however, the stabilising kit and standardised calibration procedure used for the PPy tests

were not used in this part of the study.

6 4 5 STATISTICAL ANALYSES

For part 1 comparisons of power output recorded using the ngcycle and SRM systems
were performed usmg Bland and»Altmans 95% limits of agreement (Bland and Altman,
1986). A full description of this method of reproduclbility testing is also prvOVidved by
Atkinson and Nevill (1998). If heteroscedasticity was present in the data, comparisons
were 10gar1thm1cally transformed to calculate the ratio 11m1ts of agreement. Correlatlon
- coefficients and 95% confidence interval (95%CI) were calculated usmg the methods

outlined by Cohen and Holhday (1983) and Zhu (1997) respectlve]y

For part‘ 2, the overall reproducibility of Kingcycle power was assessed using the
difference score between In transformed values for SRM and Kingcycle power of each
1nd1v1dual durmg the repeated mcremental tests w1th w1th1n-subject reproduc1b111ty (mean v
coefﬁc1ent of vanatron, CV) denved by two-way analysrs of variance (ANOVA) as
descnbed by Schabort etal. (1998b) :

For parts 3 and 4 measures of within- subject reproduc1b111ty (mean coefﬁcxent of varlatron
CV) were denved by two-way analyS1s of varlance (ANOVA) and 95% confidence
mtervals (95%CI) were calculated for CV usmg the methods of Tate and Klett (1959)
Statistical srgnlﬁcance (P<0. 05) for companson between power recorded usmg SRM and
Kingcycle was ‘assessed with a palred Student's t-test and ANOVA. For companson with
the CV calculated in the present study, the ratio limits of agreement (Bland and Altman,
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1986) of + 1.8% reported by Jones and Passfield (1998) ’for SRM powercompared with a
Monark ergometer were divided by 2.8 (Bland, 1996). The value of 2.8 was calculated
from the equation that limits of agreement are equal to 2-V2 multiplied by the within
subject variation derived from ANOVA. Statistical analyses were completed kusing
Microsoft Excel (Bellevue, WA) and Mlmtab (State College PA) Values in the text are

mean (:t SD) unless otherwise stated.

6.5 RESULTS

6. 5 1 PART 1

* For part one of the study, a very strong correlatlon coefﬁcrent was calculated for power
output recorded during the 1ncremental test using SRM and Kingcycle (r = 0.99, 95% SEE -
3.5%, n = 83). Data was not normally distributed and the correlation between the absolute
differences between SRM iand Kingc);cle and the mean of SRM fpower’and Kingcycle j
power was significant (r = 0.38). This showed that heteroscedasticity was present (see
Figure 7) therefore the data was logarithmically transformed and the correlation was |
reduced (r = 0.21). Limits of agreement were eXpressed as ratios based on clear evidence
that the absolute error was greater for higherpower outputs. Therat‘io limits of agreement
between SRM and Kingcycle were 0.90 (95%CI = 0.89-0.91) x/+ 1.07 (n = 83). The
average bias of 0.90 was found to be hrghly significant using a palred t-test of the
ngcycle and SRM In transformed values (t = 25 2, P<0. 001) '

Preliminary analysis of the data revealed that the difference between SRM and Kingcycle

power for one subject was outside the estimated 95% confidence intervals. The data of this

'subject was not 1ncluded in the subsequent analysis. Peak power (Wpenk) and average power .

‘ recorded for LTT were srgmﬁcantly hlgher (P<O 001) us1ng Klngcycle compared wrth :
SRM (443 :t 65 vs 399 :!: 54 W 335 51 vs 307 =3 47 W respectlvely) Correlatron
coefﬁc1ents between SRM and ngcycle were 0.97 for Wpeak (95%CIL = 0. 89-0.99, SEE
4% 95%CI = 3-5%) and 0.98 for LTT (95%CI, 0.92-0.99, SEE 4%, 95%CI = 3- 6%)
However further analysrs of the data. for SRM compared w1th Klngcycle showed ratno k
11m1ts of agreement of 0.92 (95%CI =0. 90 0.94), x/+ 1 07 for Wpeak and 0 90 (95%CI = |
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0.88-0.92) x/+ 1.07 for LTT. The average bias for the 2 tests (n = 22) for SRM compared
with Kingcycle was 0.91 (95%CI = 0.90-0.92) and the random error was 1.07. . B : :

60 -

g 50 - . . ’;.0

v ‘ R *e ®

g 4'0"_, ST S :;‘..‘ ’

830 ] e el Te ey

o Lo MR R TR B AP

) : . ~ K4 oo o0

= 20 - L e ’,00““0 o,’ R

g , | "‘.“..?sw' * . L g

" -0 1 bl: ‘! T | T T T »
0 50 100 150 200 250 300 350 400 450 ‘

Power output (W) ;

Flgure 7. A plot of the absolute dlfferences between power output recorded usmg SRM and |

Kingcycle and the individual means for the exammatlon of heteroscedast1c1ty

‘Ana1y31s of power recorded at 5% intervals durlng the LTT revealed that ngcycle power .

was 51gn1ﬁcant1y hlgher (P<O 001) than SRM for the duratlon of the tlme trial except for,
the first 5% interval (see Figure 8). There was no change in the difference between power

output recorded by Kingcycle and SRM at 5% intervals from 5-100% of the ride.

6 52 PART2 | , | | |
| - Each subject (n= 8) completed seven stages for each mcremental exerc1se test and the O
: overall mean CV for the difference between ngcycle and SRM power recorded durmg

‘ the stages of the repeated; incrementalltest was t 1% (at 68%CI).

653 PART3

Table 13 shows the mean (i SD) Klngwp“k and SRMWMk recorded during the PPs tests.
ngw & Was hlgher (P<0. 001) in trial two compared with tr1a1s one and three However

“there was no difference (P>0 05) across the three PPs trials for SRMW,,eak The mean (:t SD) o
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' times for completion of the PPg were 9:53 £ 0:40, 10:19 0:34; and '9:57 + 0:34 for tests
“one to three respectively. The mean improvement in Kingy,... of ~10 (W) for tes’t two
compared with,tests one and three, represented an increase (P = 0.04) in mean time to
exhaustion of about 24-s. The mean CV% for peak power achieved during the PPg tnale for

Kingcycle and SRM were 2.0% and 1.3% (95%CI = 1.5-3.0 and 1.0-2.0). ..
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Flgure 8 The relatlve values (means i SD n = ll) for power recorded durmg each 5%
segment of a 16 1 km tlme trlal (-o— for ngcycle, —0- for SRM) * denotes s1gmﬁcant ‘

(P<O 001) 1nteract1ve dlfference ;

Taole 13. Mean + SD values for peak power fecorded during 3 PPg tests (h = 9) ERRE

, | Trial 1 S Tnal2 Trial 3 : Mean
Kingcycle (W) | 428 £50* 437+ 48*$ 426 + 48* 430 £ 47*
SRM (W) - - 39245 394+44 - 1391+43 . - |392%t42 ;.

denotes significantly higher than SRM (P<0.05) -~ . . .. -
$ denotes sxgmﬁcantly hlgher than trial 1 and 3 for Kingcycle (P<0 OS)
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6.5.4 PART4

The mean + SD of each individuals peak power recorded during the two PP, tests using
Kingcycle and SRM were 457 + 60 vs 453 £ 51 and 410 + 51 vs 411 £ 44, for Kingypew
and SRMy,,., respectively. There was no difference (P>0.05) for Kingy,.,, and SRM ypeak
recorded during the PPy trials. The mean CVs for Kingy,,,, and SRM,,,, were 4.6%
(95%CI = 2.7-7.6) and 3.6% (95%CI = 2.1-6.0).

6.6 DISCUSSION .

6.6.1 PARTI

Several investigations have reported values for the power output (W) of elite récing cy;:lists
during maximal power tests (Lucia ef al., 1998; Wilber et al., 1997) and endurance based
races (Coyle et al., 1991; Jeukendrup and van Diemen, 1998). However in order to
compare pe_rfofmanpe power between racing cyclists it is essential thaf the equipment ﬁsed

to record power is valid.

The major finding of this study is that power output recorded using a Kingcycle test rig
(with version 5.5 computer software) was significantly different to power recorded using
an SRM ergometry system. For in;tancc, using the ratio limits of agreement calculated
from SRM and Kingcycle it was pqssible for a cyclist who avcragéd 335 W for a 16.1-km
indoor time trial to record between 281-325 SRM (arange of 44 W). ‘It is wérth noting that
the range of values for SRM power are below the mean value of 335 W recorded using the
Kingeycle. This discrepancy was due to the 10% difference between SRM (W) and
Kingcycle (W). Therefore, two cyclists using two SRM and two Kingcycle rigs could be
riding a laboratory based time trial race at the same power recorded using the Kingcycle

but with different (up to + 7%) power recorded using SRM.

Although Martin et al. (1998) found that the difference between power delivered to the
flywheel of ‘a Monark ergometer versus power recorded with SRM was 2.4%, it was
assumed that SRM power was valid due to a loss of efficiency when using a chain drive
system. Unfortunately it is not possible to evaluate the variability in power measurement

between SRM and Monark as Martin et al. (1998) did not teport the limits of agreement in
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this study. Jones and Passfield (1998) calculated the limits of agreement between poWer
delivered to the flywheel of a Monark ergometer and SRM power to be less than + 1.8%.
Van Praagh et al. (1992) suggested that error in ergometry shbuld be less than 5%,
therefore the findings of this study for inter-individual differences in power revealed that
across subjects the error in the Kingcycle ergometry system exceeded 5% when compared

with SRM.

The calibration of the Kingcycle test rig is dependent on maintaining a constant resistance
between the roller of the flywheel and the tyre of the rear wheel (Palmer et al., 1996).
Therefore changes in the resistance between tyre and roller will affect the power output
required to rotate the flywheel. Similarly as the Kingcycle flywheel is air-braked, the air
resistance imposed on the tyre is proportional to the speed of rotation. It is interésting to
note that the subject who was excluded from the data analysis for part 1 of the present
study had used a disc wheel during tests which may have reduced the force required to

overcome the resistance imposed on the flywheel.

A change in weight distribution on the bicycle also affects the resistance between the roller
and tyre. Therefore during each test, subjects are required to maintain their cycling position
as much as possible. However during exercise trials subjects frequently move on the saddle
(personal observation) and subsequently tend to pull forward or sit back, respectively
reducing or increasing the resistance between rear wheel and Kingcycle. Mean data for the
16.1-km time trial showed that the difference in power between SRM and Kingcycle
remained relatively consistent for the duration of the ride, however it is worth noting that
power recorded using SRM was higher for the first 5% of the ride due to the extra power
required to accelerate the Kingeycle flywheel to the self-selected velocity. -

662 PARTSZ 3AND4

In order to detect changes in cyclmg performance, it is essentlal to record power output
using a reliable cycle ergometry system (see Hopkins ef al., 1999). Data from the present
study showed that during the repeated PPy tests, there Was a significant change in
performance when peak power was recorded using the Kingcycle, however there was no

change in performance when peak power was recorded using SRM. Possible explanations
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for the increase in Kingy,, recorded during the second PP; test include i) the effect of
error in the calibration procedure which increased the difference (%) between SRM (W)
and Kingcycle (W) and ii) in an effort to achieve a higher peak power in the second PP
test, subjects may have changed body position by moving forward on the saddle, this
would have decreased the resistance between the tyre of the rear wheel of the subject's
bicycle and the roller of the Kingcycle flywheel. Hopkins et al. (1999) suggested that the
reproducibility of power output recorded using the Kingcycle air braked ergometer could
be affected by changes in ambient temperature, humidity and the pressure of the bicycle
tyres. However the increase in Kingy,., for the second PP; test in the present study could
not be attributed to these factors, as each subject completed their PPg tests on different days

within a three to four week period and the overall time period of the study was about 14

weeks. -

During each PPg and PPy test, peak power recorded using the Kingcycle test rig was
significantly higher than power recorded using SRM. This discrepancy in power output
between Kingeycle (W) and SRM (W) should be considered when peak power output
values recorded using the Kingcycle test rig are compared with maximal values reported in
other studies (Lucia et al., 1998; Wilber et al., 1997). Notably Jones and Passfield (1998)
and Martin et al. (1998) have confirmed that the SRM power meter (W) can provide a valid
measure of power when compared with a Monark ergometer, therefore it is reasonable to
assume that the Kingcycle test rig may not always provide an accurate measure of power

output during peak power tests.

When test re-test power (output values recorded using the Kingcycle and SRM were
comparéd for the 'constant load' conditions of an incremental exercise test, analysis of the
data revealed that the variation (CV%) in Kingcycle when compared with SRM was
reasonably low, therefore the reproducibility of Kingcycle power recorded during this
method of testing was acceptable. This finding is important as it shows that variability in
Kingcycle power when compared with SRM is influenced by the dynamics of the cycling
exercise. For comparison pﬁrposes, power recorded using each measuring device was
calculated as the aS/erage power during 60-s of exercise, however, this finding suggests that

power recorded during ramp exercise protocols using SRM is affected by the inertial
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characteristics of the Kingcycle flywheel and the ability of the cyclist to maintain a

relatively 'smooth' increase in power during the test.

In order to evaluate the effect of training/detraining on peak power output it is important to
have an estimation of the range of variation which is due to the technical error of the
testing equipment and the biological variability of the individual subjects. Data from this
study showed that for a change in power to be outside the 95% confidence intervals
estimated from the coefficient of variation for Kingy,, and SRMy,. ak change in
performance would need to exceed 3% and 2% respectively. Therefore a rider who
achieved a Kingyye, of 460 W and SRMy,,.,, of 415 W would need to increase/decrease
peak power output by about 14 W for Kingyyc. and 9 W for SRMy,.,,. This finding has
important implications when estimating the sample size required to detect the smallest
worthwhile (~ 1%) change in performance (Hopkins et al., 1999; Schabort ez al., 1998b).
For instance when estimating the sample size (Hopkins, 1997) using the data from the PPy
tests (for a repeated measures design without a control group, type I error rate of 5% with
statistical power of 80%) power calculations using the CVs for Kingy,., and SRMy, .,
estlmate that 28 cyclists would be needed to detect a 1% change in performance using the
CV for SRMwpcak however this number is increased to 61 cyclists based on the CV
calculated for Kingyg.. Obviously such a marked difference in sample size will have a

major effect on resources. -

Mean CVs estimated for Kingy, and SRMy,, recorded during the PPy tests, were
higher than CVs recorded during part one of the investigation. Possible reasons for this
differenée include i) an increase in bidlogical variability due to the longer period of time
between PPy tests when compared with the PPy tests aind ii) technical error of the
Kingcycle was higher during the PPy tests due to the exclusion of the calibration check
and stabilising kit. It is difficult to assess the relative contributions of biological variability
and technical error to the CV's estimated for PPy and PP trials. However using the
calculation of Jones and Passfield (1998) that the ratio limits of agreement for SRM pOWér
output compared with a Monark ergometer were + 1.8%, it is poésible to estimate that the
'CV for the technical error of the SRM power meter was ~0.6%. Therefore biological
variability ‘during the PP tests contributed ~ 1.2% of the meaﬁ CV for both King,,,, and
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SRM ., and the technical error for Kingy.,, was ~ 1.8% of the mean CV. Similarly for
the PP, tests it is possible to estimate that ~ 3.5% of the change in Kingy,.., and SRMy .
was due to biological variability and that the technical error in Kingy,,.,, was ~2.9% of the
mean CV. It is reasonable to suggest that the calibration check and stabilising kit used in

part one of the study reduced the technical error in Kingy,,, by about 1%.

Very few investigators have assessed the relative contribution of technical error to total
measurement error when investigating the reproducibility of cycling performance tests.
Notably, van Praagh et al. (1995) suggested that the range of technical error for power
output recorded using cycle ergometers should be within + 5%. However this value appears
to be relatively hrigh considering the mean CVs for power recorded during repeated
laboratory based cycling tests (Hopkins et al., 1999). Data from this study showed that the
reproducibility of a cycling test used to assess peak power can be improved with a more
reliable and reproducible power measuring device. This finding has important implications
on research design and the sample size _required to detect changes in perfotmance during

repeated tests (Schabort et al., 1998b).

6.7 SUMMARY

Data from the present study questions the validity of values reported for power output
recorded using a Kingcycle test rig (El-Sayed et al., 1997, Hawley et al., 1997; Lindsay et
al., 1996; Palmer et al., 1997; 1998; Westgarth-Taylor et al., 1997; Weston et al., 1997)
and shows that a Kingcycle test rig (with version 5.5 computer software) did not provide an
accurate measure of power when compared with the SRM ergometry system. The mean
b1as between power recorded using the ngcyc]e when compared with SRM was about

+10% with a random error of 7%.

Investigators should be aware of the difference in peak power values‘recorded using SRM
and Kingcycle and that a SRM power meter can be used to prowde a more reprodumb]e
measure of peak power output durmg a ngcycle PP test However durmg relatlve]y

constant load conditions the reproduc1b111ty of Kingcycle power is acceptable.
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CHAPTER 7

7 REPRODUCIBILITY OF PEAK PHYSIOLOGICAL VARIABLES
AND PERFORMANCE RELATED RESPONSES DURING
CYCLING TESTS |

7.1 INTRODUCTION

In order to detect a change in cycling endurance performance' it is rlecessary to use a
laboratory based assessment of endurance capacity and cycling performance which is
reliable and valid (see Hopkins et al., 1999). The Kingcycle peak power test has been used
by several authors.(El-Sayed et al.; 1997; Palmer et al.,' 1998; Hawley et alt, 1997) to
assess the exercise performance capacity of racing cyclists, and laboratory based Kingcycle ,
time trials have been used on several occasions to investigate determinants of cycling
endurance performance (El-Sayed et al., 1997; Hawley et al., 1997, Lmdsay et al., 1996;
Stepto etal., 1999; Westgarth-Taylor et al 1997)

| 7.2 AIM OF STUDY 2

To evaluate the range of measurement error associated with theb assessment of key

determinants of cycling endurance performance ability.

7.3 OBJECTIVES

7.3.1 PARTI

To assess the reproduclbllrty of selected peak metabolrc, cardlo-resplratory’ vand

performance related responses recorded durmg a ngcycle peak power test.

7.3.2 PART2

To assess the reprodu01b111ty of selected performance related responses recorded during a

v Klngcycle peak power and 16.1-km time trial test.
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74 METHODS

7.4.1 SUBJECTS

All of the subjects who participated in the study were well trained male endurance cyclists
with extensive experience of competitive cycling. Before testing, each volunteer gave
written informed consent when the nature and purpose of the tests had been explained.
Subsequently each subject completed an habituation test in order to familiarise themselves
with the laboratory environment and standard testing procedure. For each testing trial
subjects were instructed to refrain from strenuous exercise for 24-h immediately prior to
the test and to maintain their normal daily activity pattern and dietary intake as if preparing
for a 16.1-km cycling time trial race. Subjects served as their own control and were
requested to replicate the same level of activity and dietary intake for 24-h immediately
prior to each test. Tests were conducted at the same time of day and laboratory conditions

were maintained during testing (ambient temperature 18-22°C, relative humidity 45-55%). -

Table 14 Characteristics of subjects who participated in study 2 (mean + SD)

Part = |n- Age(yr) - Height (m) - | Body mass (kg) -
1 ' 9 1325 - 1.79 £ 0.04 71.114.7
2 19 135214 1.82 £ 0.07 176.0+3.7

n = number of subjects

7.4.2’ PART 1 B

Nine subjects (characteristics shown in Table 14) completed‘ threé Kingcycle péaic aérobic
capacity tests (PAC) separated ‘by 11 £ 6 days (rriean 1 SD). For the PAC test, subjects
completed the Kingcycle peak power test previously outlined in 6.4.1.3, however in order
to assess peak aerobic capacity, expired air was measured using a Covox online gas
analysis system (Covox, Exeter, UK). Peak values for oxygen uptaké (VO,), carbon
dioxide (VCO,), ventilation (V) respiratory exchange ratio (RER), ventilatory equivalents
(V/VO,, Vg/VCO,), and breathing frequency (f) were determined as the highest average
values recorded for 1 min during the test. All values for VO, (L'min™), VCO,, (L'min™),

and Vg (L-min") reported in the text are STPD. -
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During tests, expired air was measured at 1 min intei'yals and pulmonary ventilation was
calculated by measuring inhaled flow rate§ (contamination with the moisture found in
normal expired air was avoided) on a breath-by-breath time scale. Airflow was measured
using a pneumotachometer (PTM), a device based on the Fleish pneumotagraph laminar
flow element, using a unique triple screen arrangement to convert the flow of air into a
proportional differential pressure. The measurable range for peak flow was 0-800 litres per
minute producing a maximum back pressure of 7cm H,0. The mean back pressure during
low level exercise was in the region of 1 cm H,0 (manufacturer's specifications). Prior to
testing the PTM was calibrated by hand, against a precision 3 L gas syringe (Hans Rudolph
Inc., Kansas, USA) calibration was achieved when air was passed across the PTM at a rate
of 3 L per second to a volume of 30 L. During tests, expired air was analysed for the
concentrations of O, and CO, by sampling through a paramagnetic transducer and an
infrared analyser, with the O, and CO, analysers calibrated before each test using gases of
known concentrations (British Oxygen Company, London, UK). Throughout each test
subjects breathed through a face mask with a 2-way valve (Hané Rudolph Inc., Kansas,
USA) connected to low-resistance wide bore tubing (Hans Rudolph Inc., Kansas, USA)
attached to the gas analysis system. The following regression equations were calculated
from the data collected during the studyboﬁipleted by De Montford UhiVefsit&, Bedford,
UK (1994). For the regression of Douglas bag VO, (L-min") on Covox VO, (L'min") and
Douglas bag VCO, (L'min™) on Covox VCO, (L'min™) based on a linear model: Douglas
bag VOz (L'min ") = 0.91+(covox Vo, (L min™)) + 0. 0057 (r2 = 0. 995 SEE 0. 09 at

68%CI). Douglas bag VCO2 (L'min™) = - 0. 9281 (covox VCO, (L'min l)) +0. 0152 (11 =
0.998, SEE = 0.07 at 68%CI). '

Duriﬁg fesfs gear ratio and pedal cadence (rev-min") wefe éelf selécfed. Peak pédai cadeﬁcé
(rev-min;') was calculated as the highgst average cadence rééordcd duﬁng iany 60;s pedod
of the test. Peak heart rate (HR,,,) was recorded at 1-s i"nteryals (Polar Kempelé, Finland)
and defined as the highest HR (b-min") ob_tainedl vduring the fést. At 5 min post compiction
of the tests a sample of ﬁﬁgertip cgpillary whole blood was taken forl the detérmihation of
blood lactate concentration (Biosen 5030L, EKF Industrie Eléctronik anbH‘ Baﬁebenk‘
Germany). For blood samphng using the Biosen 5030L, (see Davison et al., 2000) the

ﬁngertlp was wiped with a medi- swab and the first drop of blood was discarded. Free-flow
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whole blood was collected in a 20 microlitre glass capillary tube and immediately mixed
with lysing stabilising agent in a safe-lock vial. Before analysis, the analyser was calibrated
with standard 12.0 mmol-L" solution. Each sample was collected in .a 20 microlitre
capillary tube and immediately mixed with a stabilising agent in a safe-lock vial. This
involved shaking the sealed vial for approximately 15-s. Samples were analysed within 10
minutes from completion of the test. Each sample was analysed using an electrochemical -
methodology during this process some of the substrate diffused through a membrane;
contacted an immobilised oxidase enzyme, and was rapldly oxidised producing hydrogen
peroxide (H,0,). The hydrogen peroxide was oxidised at a platinum anode, prodocing
electrons. A dynamic cquilibr}ium was achieved when the rate of H,0, production and the
rate at which H,0, left the immobilised enzyme layer were constant (as indicated l)y a
steady state response). The electron flow was linearly proportional to the steady state Hz().2
concentration andv thetefore the concentration of the lactate was reco}rded.l Each blood '
sample was assayed (in _d_uplicate) for the concentration of BLa (mf‘r)nol-L") and the average

value of the duplicate samples was used in all subsequent analyses.

7.4.3 PART2
Nine subjects (characterlstxcs shown in Table 14) completed two indoor 16.1-km cyclmg .

tlme trials (LTT) as prev1ously descnbed separated by 49 + 44 days (mean  SD).

7.4.4 STATISTICAL ANALYSES

All data used in the subsequent analyses ‘were' In transformed in order to remove
heteroscedasticity. Measures of within-subject reproducibility (mean coefficient of
s variation, CV) were derived by two-way analysis of variance (ANOVA) as described by
Schabort et al. (1998a). The 95% confidence mtervals (95%CI) were calculated for CV
using the methods of Tate and Klett (1959). Ratio hmlts of agreement and 95%CI were
' calculated usmg the methods of Atkinson and Nevill (1998) and Bland (1996) respectively.

: Relatxonshlps betw_ecn varlables were assessed usmg Pearson Product Moment Corre_latlon
Coefficients. StatiStié"}l Sighiﬁc?flfe .(P<Iv0-95)_f°rk Comparlsoh between repeated tests was
assessed with ; oaired Student's t-test and ANOVA with post hoc ahalyses oerformed usmg
Tuk'ey‘ HSD tests. Statistical analy‘seswwere completed usmg Microsoft Excel (Bellesue;
WA) and Minitab (State College, PA) Values in the text are mean + SD unless otherwxse‘

stated.
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7.5 RESULTS

7.51 PARTI1

Table 15 shows the mean + SD values for peak cérdio-réspiratofy variables recorded
during the three PAC tests. The differences between mean values for péak Vo, VCOZ,’
RER, f, HR, BLa and pedal cadence achieved during each trial were not statistically
significant (P>0.05). The differences between mean V achieved during each trial were
statistically significant (P<0.05). Further analysis of the data showed that mean V; was
higher (P<0.05) for trial 2 and 3 when compared with trial 1, but there was no difference
between trial 2 and 3 (P = 0.4). A significant ;elétionship was found :between the change in
In Ve and change in In VCO, ., between tests 1 and 2 (r=0.78, 95%CI = 0.24 t0 0.95, P
< 0.05) but not for tests 2 a§d 3 (r=0.40, 95%CI = -0.36 to 0.84, P = 0.29). However, no
. relationship was found between the change in In Vipes and change in In VO, b etween
tests 1 and 2 (r = 0.18, 95%CI = -0.55 to 0.75, P = 0.64) and 2 and 3 (r=0.17,95%CI = -
0.56 to 0.75, P = 0.66). - : :

Table 15. Mean % SD values for peak metabolic, cardio-respiratory and performance

related responses recorded as the highest average value during any 60-s period of the PAC

test

Trial 1 Trial 2 Trial 3
VO, (L'min™) 4.99 £ 0.55 5.13+0.56 5.23+0.57
VO, (mLkg" min™) 95160 718159 73.0+6.8
VCO, (L'min"") 5.9310.66 6.08 + 0.61 6.13+0.63
RER — 1.18 £ 0.03 1.18 £ 0.03 1.21+0.03
Vg (L'min”,STPD) 15017 15717 * 156 £ 15 *
f(bréath;mih") 606 . |60£6 6026
Blood léctate (rnmol-L_") 1198+1.53 ~ |1238+1.14 12.62+1.29
HR (b'min™) 118916 190+ 6 189+6
Pedal cadence (rewmin") |102£5 1028 101+ 8
Time of tost ) 593 + 40 619 + 34 597 + 34

Jenotes significantly higher than trial 1 (P<0.05) 4
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Table 16. Mean CV% for each individual's peak metabolyic, cardio-respiratory and

performance related responses recorded as the highest average value during any 60-s period

during three PAC tests o o
“ ‘ CV (95%c1) B '
Mean ‘ | AT rials 1-2 ‘ T rials 2-3

Vo; (L;min") 3.8 (2.6-5.4) 4.5 (3.0-6.4) T6 (1.1-22) |
VO, (mL-kg"min") 4.2 (2.8-6.0) 4.7 (3.2-6.7) 2.1(1.5-3.1)
VCO, (L'min") 3.1(2.1-4.9) 3.5(2.4-5.0) - 2.1(1.4-3.0)
RER 1.3 (0.9-1.9) 1.4 (1.0-2.0) - 1.3 (0.9-1.8)
Vg (L'min", STPD) 3.5(2.4-5.1) 3.8(2.6-5.4) 2.2(1.5-3.2)
f (breath'min™) 4.8 (3.3-6.9) 4.7 (3.2-6.7) 2.7(1.8-3.9) ’
Blood lactate (mmol-L™) | 6.7 (4.6-9.6) 5.4 (3.7-1.7) 5.9 (4.0-8.5)
HR (b'min™) 1.0 (0.7-1.5) 0.9 (0.6-1.2) 1.1 (0.8-1.6)
Pedal cédence (revmin’) | 4.5 v(3.1-6.5) 4.5 (3.1-6.5) 2,5(1.7-3.6)
Time bftest (s) 3.5(2.4-5.0) 2.5(1.7-6.5) 3.5(2.4-5.0)

Table 17 Ratlo hmrts of agreement for peak metabohc cardro-resplratory and performance

related responses recorded as the hlghest average value durmg any 60-s period durmg three

PAC tests 7

Limits of agreement - bias (95%CI) x/+ random error

Trials 1-2 Trials 2-3 mean random error
VO, (L'min”) - 1.03 (0.98-1.08) x/+ 1.13 | 1.02 (1.00-1.04) x/+ 1.04 | x/+1.08
VO, (mL-kg"min") 1.03 (0.98-1.09) x/+ 1.13 | 1.02 (0.99-1.04) x/+ 1.06 | x/+ 1.08
VCO, (L'min"') 1.03 (0.99-1.06) x/+ 1.10 | 1.01 (0.99-1.03) x/+ 1.06 | x/+1.06
RER S 1.00 (0.99-1.02) x/+ 1.04 | 1.02 (1.01-1.03) x/-!; 1.04 | x/+1.03
Ve (L-min", S'l;};D) 1.04 (1.00-1.09) x/+ 1.11 | 0.99 (0.97-1.02) x/+1.06 | x/+1.07
f (breath-rrlin") 1.00 (0.96-1.06) x/+ 1.13 | 1.00 (0.97-1.03) x/+ 1.08 | x/+ 1.16
Blood lactate (mmol-L™) | 1.04 (0.98-1.10) x/+ 1.15 | 1.02 (0.96-1.08) x/+ 1.17 | x/+1.14
HR (bmin") 1.00 (0.99-1.01) x/+ 1.02 | 1.00 (0.99-1.01) x/+1.03 | x+ 1.02
Pedal cadence (revmin™) | 1.01(0.96-1.06) x/+ 1.13 | 0.99 (0.96-1.02) x/+ 1.07 | x/+ 1.09
Time of test (s) 1.04 (1.02-1.07) x/+1.07 | 0.96 (0.93-1.00) x/+ 1.14 | x/+ 1.07
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7.5.2 PART2'

The mean + SD of each individual's average poWer (King,.:r) and average heart rate
(HR, 1) recorded during the two LTT tests were 316 + 37 vs 318 + 37 (W)and 171 £ 14 vs
171 + 13 b-min’! for time trials 1 and 2, respectively. There was no difference (P>0.05) in
average power and heart rate recorded across trials. Table 18 shows the calculated CV, and

limits of agreement for average power and heart rate during the two LTT tests.

Table 18. Coefficient of va_fiation (CV%) and raﬁo limits of agreemént (LoA) for each
individual's average power output (Kinngﬁ) and heart rate (HR ) recorded during two

LTT tests

‘Kingwr.'rr HRpTTr
CV (95%C)) 281649 130722
LoA(95%CI) . 1.01 (0.98-1.04) x/+1.08 1.00 (0.99-1,02) x/+ 1.04

7.6 DISCUSSION

Analysis of the data from the present study showed that the CV value calculated for
average power achieved during an indoor 16.1-km time trial was sirhilar to CV values
calculated by Hopkins et al. (1999) for average power achieved during laboratory based
simulated time trial rides. Ratio limits of agreement calculated for average power achieved
during the time trial rides revealed that a cyclist who maintained a power output of about
350 W in a preliminary trial would need to achieve an average power of 322 or 378 W to
be outside the range of biological and technical variability associated with this type of test.
Ratio limits of agreement estimated for the 16.1-km time trial were similar to values
reported by Atkinson et al. (1998) for an indoor 16.1-km cycling time trial performed on a
Cybex™ cycle ergometer, however in the sfudy by Atkinson et al. (1998) the time trial
rides were separated by one week and in the present study the average time between tests
was about 50 days, therefore it is reasonable to assume that performance power achieved
during this type of test can remain relatively stable over a reasonable length of time. This
finding has important implications when a study is designed to evaluate the effect of a
training program on endurance performance. Measurement error for the 16.1-km time trial
was higher than the error associated with the determination of SRMy,,, reported in study

one of the present thesis (2.8 vs 1.3%, respectivc]y) and confirmed the findings of Jensen
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and Johansen (1998) who found that peak power achieved during a cycling exercise test
was a more reproducible measure of cycling performance when compared with average

power recorded during repeated cycling time trial tests.

One of the major findings of the present study is that peak heart rate recorded during a
Kingcycle PAC test and average heart rate recorded during repeated time trial tests is
highly reproducible. Based on ratio limits of agreement it is possible to calculate that
HR .. and average heart rate recorded during the time trials varied by about 4% which
would represent a change of 8 b-min" for an individual with a HR,,,, of 190 b'min™ and 7
b'min” for an individual with a HR 1y of 170 b'min™. The mean CV calculated for HR,,,
during PAC and average heart rate during the 16.1-km time trial was 1.0 and 1.3%,
respectively. These values are s1m11ar to the values reported by Jensen and Johansen (1998)
however, the CV for peal; heart rate calculated in this study was lower than values reported
by Jones and Kane (1991) and Harrison et al (1980). During each of the three PAC tests
peak heart rate achieyed by each subject was within the VOZW criterion measure of 5

b-min™ of their age predicted maximum heart rate (Londeree and Moeschberger, 1982).

In part 1 of the study there was an increase in reproduc1b111ty for VOZ, VCO2 and Vs
recorded between trials 2 and 3 when compared with trial one and the cv calculated for
VO2 for the three tnals (~ 4%) was similar to the value reported by Howley et al (1995)
Furthermore based on the ﬁndrngs of Katch et aI (1982) it is reasonable to suggest that
10% of this varlatron could be attnbuted to the technlcal error of the Covox gas analyser
The CV calculated for VO2 recorded for trrals 2 and 3 was consrderably lower than values
reported by Jones and Kane (1979), and Katch et al. (1982). It is reasonable to assume that
the Covox gas analyser used in the present study provided a reliable rneasurernent of
pulmonary ventilation and O, and CO, content in the expired air, however, values for VOA2
and VCO, were relatively high for the fitness level of the cyclists tested. This ﬁnding is in
ag.reement‘witb the work completed at De Montfort University (1994) which reported that
values for VO, and VCO, recorded using the Covox system were consistently higher than
values recorded using a Servomex gas analyser. It is worth noting that‘ during the three |
repeated PAC tests, the testlng protocol used in the first test was repeated for subsequent

tests and for each test the Covox gas analysrs system measured expired air and pulmonary
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ventilation at 1 min intervals. Unfortunately, values for VOZ‘,eak could not be matched with

peak power unless the minute of peak power coincided with the final 1 min gas sample.

During the three PAC tests of the present study a plateau in oxygen consumption (Taylor et
al., 1955) was recorded during five of the 27 tests completed. Therefore the criterion
measure of a plateau in oxygen consumption for the achievement of VO, could not be
applied to this data. Several studies have also reported a very low incidence of a VO,-
plateau during maximal exercise tests (see Howley et al., 1995). One possible explanation
for the finding of the present study is that VO, was recorded at 1 min intervals during fhe
test (as explained above) and W, achieved during each trial did not coincide with VO,
Consequently VO, Was not always recorded during the final/peak minute of the test.
Although Noakes (1998) has suggested that a VO,-plateau is an artefact of the testing
protocol, it is reasonable to postulate that a plateau may have been recorded if a 'breath by
breath' gas analysis system had been used to measure pulmonary/respiratory responses.
Further investigation is warranted concerning the effect of ramp rate on VO, kinetics and
the attainment of a VO,-plateau. The findings of the present study suggest that maximum
oxygen consumption (VO,m) Was not achieved during the Kingcycle PAC test, therefore
the highest VO, recorded during this type of test should be described as a VOZM, Data
from the present study showed that values for VCO, recorded during the three PAC tests
were highly reproducibleb and therefore calculations of RER were also consistent. Mean
values for RER achieved during each PAC test were notably higher than the 1.15 used as a
criterion measure for the achievement of maximum oxygen uptake (Howley et al., 1995),

however on two occasions, one subject did not achieve an RER in excess of 1.15.

Mean value for CV calculated for pulmonary ventilation was less than the CV values
reported by Jensen and Johansen (1998) and Jones and Kane (1979). Data from the present
study provided strong evidence to suggest that the reproducibility of vEp;‘k is acceptable
when compared with other measures of peak aerobic capacity such as VOypea and that the
Covox gas analyser (which measures ventilation on inhalation) provides a reliable method
of recording peak minute ventilation during a Kingeycle PAC test. It is important to note

that for the three PAC tests; Vipesk Was significantly higher (P<0.05) duriﬁg test 2 and 3
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when compared with test 1, however there was no difference in \70zpeak recorded across
tests. The increase in VEM for trials 2 and 3 occurred without a concomitant change in
breathing frequency, therefore subjects reached a higher state of exercise hyperpnea by
increasing tidal volume. Notably a plateau in V; was not recorded during the PAC tests and
therefore subjects did not attain a maximum ventilation. This is in agreement with the
recent work of Lucia et al. (1998) who assessed the ventilation of professional cyclists and
found that tidal volume and breathing frequency did not plateau during maximal exercise.
In contrast to this Lucia and co-workers (1998) recorded a plateau in tidal volume but not
breathing frequency. The authors noted that a breathing reserve existed in both groups as
values for maximal minute ventilation'Were 86.9% and 90% of maximum voluntary
ventilation (MVV) in elite and professional cyclists, respectively. In the present study peak
values for VCO, and blood lactate were higher during test 2 and 3 when compared with test
1(, however, these differences were not significant (P>0.05). It is worth noting that a
significant relationship was found between the change in Vepeax and the change in VCOyp
recorded between test 1 and 2. However there was no relationship found between these
parameters for tests 2 and 3. Notably regression analysis revealed that there was no

relationship between Vg, and VO, between tests 1 and 2 or2 and 3.

During the three PAC tests, blood lactate concentration recorded post exercise for each
subject was considerably higher than the criterion value of 8 mmol'L" used to establish the
attamment of VOZ,,,,, (Howley et al 1995) Few studres have assessed the reproducrblllty
of blood lactate recorded post maxrmal cyclmg exercise and data from the present study
suggested that blood lactate recorded post PAC did not provrde a reproducxble assessment
of exercise performance capacity. It is 1mportant to note that Lucia et al (1998) found that
peak blood lactate concentration was s1gmﬁcantly lower in professronal cyclists who
achreved si gmﬁcantly higher values for max1mal aeroblc power when compared with elrte
amateur cyclists. Th1s data indicated that the relatronshlp between blood lactate and W

did not follow a posrtrve trend Investrgators should be aware of th1s dlscrepancy when
using blood lactate response to assess endurance performance ablhty For part two of the
present study, ratio limits of agreement estlmated for blood lactate were x/+ 14%. For
instance, an initial post PAC blood lactate} concentration of 14.0 mmol'L"! would be

between 12.3 and 16.0 mmol-L" when recorded during a one week re-test. This range of
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variability is unacceptable and relatively high when compared with other peak values

- recorded during the PAC tests.

During the three PAC tests pedal cadence was self selected and analysis of the data
revealed that peak pedal cadence recorded for each subject during the peak tests was
| relatively consistent. It is worth noting that the self Selected pedal cadence recorded in the
present study was notably higher than pedal cadences pre-selected by Davis et al. (1982),
Hansen et aI (1988), Yoshlda (1984) and Zhang etal. (1991) and the preferred peak pedal
cadence recorded for a maxrmal aerobic capacrty test by Marsh and Martin (1993) In the
study by Marsh and Martin (1993) tests were performed using a different cycle simulator,
therefore preferred pedal cadence may have been 1nﬂuenced by the mertlal charactenstlcs
of the electromagnetrc braked ﬂywheel of the VelodyneTM srmulator when compared with
the a1r-braked ﬂywheel of the Kingcycle. In contrast to the ramped protocol of the
Kingcycle PAC test, Marsh and Martin (1993) used a continuous incremental exercise test
to assess maximal aerobic capacity. There is very little information available concerning
the effect of cycle ergometer design and testing protocol on peak pedal cadence recorded
during PP/PAC tests. In the present study subjects were highly trained cyclists with
extensive experience of testing procedures and it is reasonable to suggest that each subject

self-selected their own 'optimum’ pedal cadence during each PAC test.

7.7 SUMMARY

Within subject variation for peak VO,, VCO, and V; recorded during the Kingcycle PAC
test were relatively low when compared with previous studies. The coefficient of variation
calculated for peak blood lactate concentration recorded five minutes after completlon of
the PAC tests was relatwely high and unacceptable for the assessment of cyclmg endurance
capacrty Reproducrbrhty of average power and heart rate recorded during an indoor 16.1-
km cycling time trial was acceptable and similar to values reported for equivalent
assessments of cycling endurance performance. The physnologlcal tests and testing
equipment used in the present study provided a reliable assessment of selected peak

physiological variables and cycling endurance performance.

141



CHAPTER 8

8 AGE-RELATED CHANGES IN PEAK PHYSIOLOGICAL
VARIABLES AND PERFORMANCE RELATED RESPONSES
RECORDED DURING CYCLING TESTS

8 1 INTRODUCTION

Laboratory based physwloglcal tests are frequently used to assess the exerc1se performance
ablhty of senior cyclists, however very few studies have used these tests to assess veteran
athletes. New information concerning the responses of eenief and Vveteran competitors
would be particularly useful When data is used to evaluate, monitor and pfescribe tra.iIning

and competitive exercise intensity within a sport science support programme

8.2 AIMOF STUDY 3

To gain a clearer understandmg of age—related changes in physnologlcal variables recorded

during laboratory based cycling tests.

8.3 OBJECTIVES

8 3.1 PART 1
"To mvest1gate the relatlonshlps between ngwp,,k, HRp° . and age during a Kingcycle peak

power test.

83.2 PART2
To investigate the relatlonshlps between age and selected phys1ologlcal vanables assessed

during a Klngcycle PAC test.

8.3.3 PART3
To 1nvest1gate the cffect of age on threshold exercise mtensny determmed durmg a ramped

exercise test (LT,,,,,,,)
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- 8.3.4  PART4 "

To investigate age-related changes in performance related responses recorded during a

laboratory based 16.1-km cycling time trial (LTT). =~
8.4 METHODS

8.4.1 SUBJECTS . . -

All of the subjects who participated in the study were endurance trained male cyclists with

extensive experience of competitive cycling. During all tests power was recorded using the
Kingcycle ergometer with version 5.5 computer software. Tests were conducted at the

same time of day and laboratory conditions were maintained during testing (ambient

temperature 18-22°C relative humidity 45-55%).

Table 19. Mean + SD values for physical characteristics and penk perforfnance related

responses recorded during aKingcycle PP test (n = 114)

| Mean (£ SD) " | Range-
Age (y1) 3815 15-73
Height (m) 178007 157193
Body mass (kg) | 73,517;2 "55'.8-90.0
Kingwea (W) | 382264 226550
HR, (Omin") 85213 150214
842 PaRTl

One hundred and fourteen subjects (subJect charactenstlcs are shown in Table 19)

completed a ngcycle PP test as prevxously outlined in 6 4.1.3.

8 43 PART 2
Twenty mne subjects (charactenstlcs shown in Table 21) completed a ngcycle PAC test’
as previously outlined in 7.4.2. However before the PAC test, skin fold thickness at four ‘
sites - blceps, triceps, sub-scapular and supra-lhac were measured to the nearest 1 mm
using a pair of Harpenden calhpers (John Bull, England) All measurements were taken ’

from the non-dommant side of therbody while the subject stood relaxed in the reference
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position. Each site was measured three times and the average value was calculated. The
sum of the average value obtained for each site was used to predict body density when
applied to the age-appropriate regression equation of Durnin and Womersley (1974). The ‘
Siri (1956) equation was then used to give a predicted percentage body fat. -

8.4.4 PART3

Thlrty elght Sub_]CCtS (charactenstlcs shown in Table 26) completed a ramped threshold test
(LT ) Followmg a five min warm-up mamtammg a power output equxvalent to 50% of
W, (which had been previously »_determin\evd from :an habituation PP tes.,t)b subjects
' completed a continuous ramped exercise protocol (LT mps @8 described by Davisoh Set al.,
1997). Starting power was 50% W, and ramp rate was set at 6 W-min™. For each test -
subjects selected their own pedal cadence (rev-min™), changed gear ad libitum and the test
was completed at volitional exhaustion. Fingertip blood samples (YSI, Yellow Springs,
USA) were taken at 2.5 min intervals and power was recorded continuously. Heart rate was
determined every 3-8, (Potar, Kempele, Finland) however average values for heart rate and
power were calculated for each minute of the test. Threshold values for power and heart
rate were determined at TLac (F arrell et al 1979) and OBLA (Jacobs et al., 1981). For the
determlnatlon of TLac (the power precedmg a sudden and sustained increase in BLa) data
for blood lactate concentration and power output were plotted coded and presented blindly
to two mvestlgators for 1ndependent visual mspectlon The mean selectxon of the two
reviewers was subsequently used for ana1y51s and rellablllty of mter—mvestlgator TLac
assessment was low (CY% = 1.8%, FS%CI 1.5-2.4%). The power at OBLA was

determined by interpolation.

8.4.5 PART4 .

Forty five subjects (characteristics shown in Table 28) completed a laboratory based 16.1-
km cycling time trial (LTT) as previously outlined. "

8.4.6 STATISTICAL ANALYSES
Linear and quadratic regression analyses were performed to determine the effects of age
on:- Kingupe and HRyey, recorded during PP; selected metabolic apd cafdio-reapifatory

yariables recorded during PAC; Kingw@TLac, King,,@OBLA, HR@TLac, HR@OBLA
during the LT,,,, test and average power and heart rate recorded dtlring LTI‘. vavl order‘ to
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control for heteroscedasticity selected values were In transformed and the relationship
between variables was assessed using a In-linear model. In basic terms, the use of
logarithmic transformation controls for heteroscedasticity in the data and provides a
normally distributed error term. Consequently the standard error of estimate (SEE) is
calculated as a percentage of the predicted value. In order to assess the age-related decline
in VO, independent of changes in body size and body composition, recorded values for
body mass were normalised using the theoretical single-exponent parameter k = 0.67
(Neville émd Holder, 1995). Statistical significance was set at P<0.05. Statistical analysés
were completed using Microsoft Excel (Bellevue, WA) and Minitab (State College, PA).

Values in the text are mean x SD unless otherwise stated.
8.5 RESULTS
8.5.1 PART 1

8.5.1.1 PEAKPOWER (KINGy,,,)

The mean value for Kingy,.. recorded in a heterogeneous groupk of male competitive
cyclists aged 15-73 yr was 382 (W) with a range from 226 to 550 (W) (see Table 19).
Individual Kingy,., versus age for the entire subject group (n = 114) is depicted in Figure
9. A moderate correlation was found between age and Kingy,, for both linear (r = 0.55;
95%CI = 0.41;0.67, P<0.001) and 4" order polynomial models, (r= 0.60, 95%CI = 0.47-
071, P<0.001). The absoluie and percentage (relative) decline in Kingy,. with age from
the linear model was 2.43 W-yr! (~ 0.64 %yr') respectively and the regression of
Kingypen ON g€ for n = 114 in the linear model was; Kingy,,, (W) = 474 -2.43-age(yr), (g
= 0.30, SEE; 54 W 95%CI = 48-62 W). The'correlation of Kingy,., on age ﬁsing a ln-}
linear model was r = 0.52, (95%CI = 0.35-0.63, P<0.01). The equation for the regression of
Kingwpea on age for the In-linear model was; Kingy,.,. (W) = 824-[age(yr)*#), (= 0.27,
SEE; 16%, 95%CI = 14-18%). B

In order to’ remove the'confounding effects of i) an increase in Kingy,., with age in
subjects aged betwei;n 15 and 25 yr due to maturation and ii) the relatively low number of
subjects éged above 65 yr who participated in the study, further analysis of data for
subjécts agéd between 25 and 65 yr was completed. The correlation between age and
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Kingy,.. for a linear model was r = 0.56, (95%CI = 0.40-0.69, P<0.01) and the absolute
and percentage decline in Kingy,., with age was calculated as 3.05 W-yr" (~ 0.81 %-yr").
The regression of Kingy,.,, on age for n = 87 in the linear model was; Kingy,,.,, (W) = 504
- 3.05-age (yr), (= 0.31, SEE; 54 W, 95%CI = 48-62 W). The absolute and percentage
decline in Kingy,., when expressed as W-kg" and W-kg*®" was 0.033 W-kg"yr' (~ 0.84
%-yr') and 0.14 W-kg*“-yr' (~ 0.87 %-yr") respectively.
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Figure 9. The regression of Kingy,,., (W) on age for 114 men aged 15-73. Data fitted with
a linear (r = 0.55, P<0.001) and 4" order polynomial model (r = 0.60, P<0.001)

The percentage rate of decline in Kingy,e, (W-yr") was similar (0.81 vs 0.84 %-yr") to the
percentage rate of decline in Kingy,., When expressed relative to body mass (W-kg™"yr").
However the relative rate of decline in Kingy,., when expressed relative to the mass

exponent of k = 0.67 (W-kg-yr') was higher (0.87 vs 0.81 %-yr") than the decline in
Kingypea (Weyr).

Multiple regression of age (yr), height (m) and body mass (kg) on Kingy,.,. (W) showed
that body mass did not contribute (P = 0.97) to the prediction of Kingy,., (W). Standard
multiple regression was applied to Kingy... age and height values of the 87 subjects aged

25-65. The correlation of age and height for the linear model was r = 0.69 (95%CI = 0.56-
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0.79, P<0.01). The regression of age and height was calculated as; Kingy,., (W) =
[418-height (m) - 2.29-age (yr)] - 270, ("= 0.48 SEE; 47 W, 95%CI = 42-54 W).

Multivariate scaling (MAS) was used in order to predict Kingy,, from age and height.
Multiple regression analysis was applied to In Kingy,,.,,, In height and In age values of 87
subjects aged 25-65. The correlation of age and height on Kingy,., for the In-linear model
was r = 0.70, (95%CI = 0.57-0.79, P<0.01). The equation for the regression of age (A) and
height (H) was calculated as; Kingy,e, (W) = 314-A%H" (= 0.49, SEE; 13%, 95%CI
=11-15%).
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Age (yr)

Figure 10. The regression of Kingy,,.,, (W) on age for mean of top 2 performers in each age

category (n = 16). Data fitted with a linear model

The data set was then split into 5-yr age increments beginning at age 25-29 and ending
with age 60-64. The regression of Kingy,.,. (W) on age for the mean Kingy,,,, of the top 2
performers in each age category was completed. A strong correlation was found between
Kingypes and age (r = 0.88, 95%CI = 0.68-0.96, P<0.01) The absolute and percentage
decline in Kingy,., from the linear model was 4.10 W-yr' (~ 0.94 %yr') and the
regression equation of Kingy,., on age (n = 16) was calculated as; Kingy,.,, (W) = 532 -
4.10-age (yr), (" = 0.78, SEE; 34 W, 95%CI = 26-51 W). The correlation of King,,,.,, on
age using a In-linear model was r = 0.77, (95%CI = 0.67-0.84, P<0.01). The equation for
the regression of Kingy,.. on age for the In-linear model was: Kingy,ey (W) =

1186-[age(yr)"*], (" = 0.60, SEE; 11%, 95%CI = 8-16%). The absolute and percentage
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decline in Kingy,., when expressed as W-kg"' and Wkg®® was 0.055 W-kg"yr' (~ 0.95

%-yr') and 0.22 W-kg*“-yr' (~ 0.92 %-yr") respectively.

Table 20. Absolute and relative rates of decline for Kingy,,.,, with age

Number of subjects Absolute rate of | Percentage (relative) rate of
decline (W-yr") | decline (%-yr")

114 (group aged 15-73 yr) 2.43 0.64

87 (group aged 25-65 yr) 3.05 0.81

16 (best performers for 5-yr increments) | 4. 10 0.93

8.5.1.2 PEAK HEART RATE (HR,,,,)

The mean value for HR ,,, recorded in a heterogeneous group of male competitive cyclists

aged 15-73 yr was 185 (b'min) with a range from 150 to 214 (b'min™) (see Table 19).

Figure 11 depicts the individual HR ,, versus age for the subject group (n = 114). Strong

correlates were found between age and HR,, for both linear (r = 0.75, 95%CI = 0.66-
0.82, P<0.01) and 2" order polynomial models (r = 0.76, 95%CI = 0.67-0.83, P<0.01).

220 -
210 -
200

_"E 190 -

3180

& 170 -

am
160 -
150 -

— aa——

140 4—

T T T T T e AT (b .- 1

D Wi T e | ]

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Age (years)

Figure 11. The regression of HR ., (b'min™) on age for 114 men aged 15-73. Data fitted

with a linear and 2™ order polynomial model
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No significant difference was found between linear and quadratic models (F = 1.04). The
absolute and percentage decline in HR,,, with age was calculated as 0.66 b'min™yr* (~
0.36 %-yr'). The regression of HR,, on age for n = 114 in the linear model was; HR
(bmin™) = 210-0.66-age (yr), (* = 0.56, SEE; 9 b'min, 95%CI = 8-10 b'min™). The
correlation of HR,,, on age using a In-linear model was r = 0.69, (95%CI = 0.58-0.78,
P<0.01). The equation for the regression of HR,, on age for the In-linear model was:

'HR,,, (b'min’") = 282-[age (y)*’], ("= 0.47, SEE; 5%, 95%CI = 4-6 %).

| The data set was spht into 5 yr age increments begmnmg at age 25-29 and ending with age
60 64. The regresswn of HR, (b-min ) on age for the mean HRMk of the top 2 performers
in each age category was completed. A strong correlatlon was found between HR,,, and
~age (r=0.94, 95%CI = 0. 83 0.98, P<0. 001) The absolute and percentage decline in HR
. from the linear model was 1.06 b-min™yr' (~ 0.60 % yr') and the regression equation of
| HR,, on age (n=16) was calculated as; ‘HRW,,‘ (b-mln ) =225 -1.06-age (yr), (?=0.88,
'SEE; 5 b-min™, 95%CI = 4-8 bmin™). The correlation of HRpeak on age using a In-linear
model was r = 0.92, (95%CI = 0.78-0.97, P<0.001). The equation for the regression of
HR,,,, on age for the In-lincar model was: HRmk (b'min l) 463-[age(yr)**], (* = 0.85,
SEE 3%, 95%CI = 2- 5%)

8.52 PART2

| 852 1 BODYMASS
' The mean values for body mass and fat free mass recorded in a heterogeneous group of
" male competitive cyclists aged 25-62 yr (n = 29) were 74.9 and 62.5 (kg) respectively (see
Table 21). The regress1on of body mass. on age for 29 subjects (range 25 62 yr) showed
there was no correlatlon between age and body mass (r = 0 11 95%CI = -0.27-0.46, P=
0. 58) However a very weak correlatlon was found between age and fat free mass (FFM), (r
= 0.36, 95%CI = -0.01-0.64, P = -0.06). The absolute decline in FFM with age calculated
from a linear model was 0.15 kgFFM-yr' or 1.5 kgFFM-decade™. The regression of FFM
on age for n =29 using a linear model was; FFM (kg) = 68.8-0.15-age (yr), (* =0.13, SEE;
4.8 kg, 95%CI = 3.8-6.5 kg). The correlation of FFM on age using a In-linear model was r
= 0.39, (95%CI = 0.03-0.66, P = 0.035). The equation for the regression of FFM on age for
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the In-linear model was: FFM (kg) = 92.1-[age(yr)*"], (* = 0.15, SEE; 8%, 95%CI = 6-

11%).

Table 21. Mean + SD values for subjects' physical characteristics and peak physiological

variables recorded during a Kingcycle PAC test (n = 29)

: y Mean + SD Range
Age (y1) 41£12 25-62
Body mass (kg) 749+59  |63.5-88.7
Fat free mass (kg) 62.5+5.0 51.3-73.4
Height (m) 1.794£0.06 - | 1.69-1.91
HRu (min’) 18114 | 154-202
Kingypeu (W) 04565 | (295550
VO ypes (L-min™) 461065 |[3.49-5.84
VO ek (mL‘kg"-min")v 619+93  |43.9-77.1
VO pens (mLkg **"min™) 25652368 | 18713076
VOjpen (ML-kgFFM " 'min™) 73.8+85 | 56.3-888
VOjpeai (MLkgFFM *¢":min™) 288.6+34.2 | 125.9-3458
VCOjpea (Lmin”) 552+0.80 |4.02-7.02
Vepea (L'min”, STPD) 143+ 18 114-173
Vepea! VO 2p0a 315432 - |24.8-383 |
Vepeard VCO3pea 263+24 |20.6303
Peak RER - 1.20+0.05 |1.06-1.27
Peak economy [W-VO, (L'min™)] 87+6 76-98
Peak breathing frequency (breath-min”) | 58 +7 47-78
Lactate at S min post MAX (mmdl-L“) ~ 1 1.9+23 5.0-15.5

8.5.2.2 HEIGHT

The mean value for height r;corded in a heterogeneous group of male competitive cyclists’
aged 25-62 yr (n = 29) was 1.79 (m) with a range from 1.69 to 1.91 (m) (see Table 21). A
weak correlation was found between age and height (r = 0.45, 95%CI = 0.10-0.70, p<0_05).
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The absolute decline in height with age was 0.22 cm-yr" or 2.2 cm-decade™. The equation

for the regression of height on age for n = 29 using a linear model was: Height (cm) = 1.88-
0.22-:age (yr), (* = 0.20, SEE; 5.3 cm, 95%CI = 4.2-7.2 cm). The equation for the
regression of height on age for the In-linear model Was: Height (cm) = 216-[age(yr)*%), (©?
= 0.22, SEE; 3%, 95%CI = 2-4%).

8.5.2.3 PERCENTAGE BODY FAT (%BF)

Mean value for estimated % body fat in a heterogeneous group of male competitive cyclists

aged 25-62 yr (n = 29) was 16.4% with a range from 9.7 to 24.9% (see Table 22).

Table 22. Mean * SD values for skinfolds and estimation of % body fat (n = 29)

Mean £ SD Range
Biceps 45+11.1 2.4-8.0
Triceps 83+21 4.8-12.9
Subscapular 112+29 6.9-20.1
Suprailiac 66+23 3.7-11.6
Sum of skinfolds 30,075 18.3-50.8
% body fat 16.4+£4.3 9.7-24.9
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Figure 12. The regression of %BF on age for 29 men aged 25-62. Data fitted with a linear |

~ model
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Individual percentage body fat (%BF) versus age is depicted in Figure 12. A moderate
correlation was found between age and %BF for a linear model (r = 0.71, 95%CI = 0.46-
0.85, P<0.01). The increase in %BF with age was calculated as 0.25 %-yr'. The regression
of %BF on age for n = 29 using a linear model was; BF (%) = 6.2+0.25-age (yr), (©* = 0.50,
SEE; 3%, 95%CI = 2-4%).

8.5.2.4 PEAK OXYGEN Ul’TAKE \% OZP;AK)

Mean values for VO2peak (L min®, mL- kg ‘min”!, mL: ng'FM" mm‘, mL- kgn.s7 min”,
mL- ngFM*’ ".min ') recorded in a heterogeneous group of male competrtrve cyclists aged

25 62 yr are shown in Table 21

8 5. 2 4.1 Peak oxygen uptake ( VO,lm,t L min’)

A moderate correlatron was found between age and VOzp‘,ak for a hnear model (r = 0. 67
95%CI = 0.40-0.83, P<0. 01) The absolute and percentage dechne in VO,P,,k with age was
calculated as 0.036 L'min™yr", (~ 0.79 %: yr I) The regressmn of VO2peak on age forn= 29
in a linear model was; VOZP,,R (L min l) 6.12 -0.036: age (yr), = 0 45, SEE 044 L mm
! 95%CI = 0.35-0.60 L-min ') The correlatron of VOzmk on age usmg an allometric ln-
linear model was r = 0.69, (95%CI 0.43-0. 84, P<0. 01) The equation for the regression of

Vozpcak on age for the allometric ln-lmear rnodel was: VOzmk (L min l) =15.3 [age(yr)” 33]
(r2 0. 48 SEE; ll%, 95%CI 9-15%). e

8.5.2.4.2 Peak oxygen uptake (VO mL kg -min’)
A moderate correlatlon was found between age. and VOZP,,k mL kg'min for a lmcar model
(r =0, 66 95%CI 0.39-0. 83 P<O 01) The absolute and percentage decline in Vozmk thh

age was calculated as 0. 51 mL kg ‘min’! yr (~ 0. 82 %: yr'). The regrcssron of VOZM on
age forn=29 for the lmear model was Vo2 peak (mL kg -min 1) 828051 age o), (@ =
0.44, SEE; 7. 1 mL kg'min’, 95%CI = 5. 69. 6 mL kg mln l) The correlatron of VOZpeak‘
(mL ke min ‘) on age using a ln-hnear model was 1 = 0.66, (95%CI = 0.39- 0.83, P<0.01).

The equation for the regressron of VOZI,eak on age for the In-linear model was: VO, -
pe:
(mL- kg mm 1y = 218[age(yr)“’], (r2 043 SEE 13%, 95%CI- 10- 18%) |
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-0.67

8.5.2.4.3 Peak oxygen uptake (VO,,., mLkg®-min?)

0.67,

:‘ A' modefate cotrelatiori was found between age and VO2pellk mL-kg”*“min’ for a lmear

model (r = 0. 68 95%CI = 0.42-0.84, P<0.01). The absolute and percentage decline in

VO2peak with age was calculated as 2.08 mL-kg®¢

‘min’, (~ 0.81 %: yrh). The regressmn of
VO, ON age for n = 29 for the linear model was, VO2Peak (mLkg®":min™) = 342, 2-
2.08-age (yr), (= 0. 47, SEE; 27.4 mL-kg**min*, 95%c1 =21.7-37.1 mL- kg*’67 min" )

The correlatlon of VO e ML kg

‘min™") on age using a In-linear model was r = 0.69,
(95%CI = 0.43-0. 84 P<0. 01). The equationr for the rcgression'of VO, peus on age for the In-
linear model was: VOzp,,k (mLkg*"min') = 887-[age(yr)°*], (* = 0.48, SEE; 12%,

95%CI = 10- 6%).

8.5.2.4.4 Peak oxygen uptake ( VO,,,,,, mL-kgFFM'-min’ )

A moderate correlatlon was found between age and VOZMk mL-kgFFM ' min" for a lmear
model (r = 0.56, 95%CI = 0.24-0.77, P<0.01). The absolute and percentage decline m_
VO, With age was calculated as 0.39 mL-kgFFM"min" (~ 0.53 %-yr"). The regression
of VOpex ON age for n =29 for the linear model was; VO,peny (mL-kgFFM™min’") = 90.0-
- 0.39-age (yr), (P =031, SEE; 7.2 mL-kgFFM “min", 95%CI = 5.7-9.7 mL'kgFFM"min").
The correlation of VO, (ML-kgFFM™min™) on age using a In-linear model was r = 0.56,
(95%CI = 0.24-0.77, P<0.01). The equation for the regression of VOzp,_k on age for the In-
linear model was: VO, (mL-kgFFM"min ') = 166 [age(yr)“z] (= 0.31, SEE; 11%,
95%CI =9- 15%) .

8.5.2. ) 5 Peak oxygen uptake (Vo,,,,,,, mL ngFM" .y min ) o |

A moderate correlatxon was found between age and VOzp,ak mL- ngFM 067 min for a linear
model (r = 0.63, 95%CI = 0. 34 0.81, P<0.01). The absolute and percentage declme in
VO2peak w1th age was calculatcd as 1 78 mL- ngFM" 47, mm , (0.62 % yr'). The regress1on
0f VO, On age for n =29 for the lmear model was; VOzMk (mL ngFM*’ $T.min |) 362-
1.8-age (yr), ( = 0. 40 SEE; 27.1 mLngFM*’67 min™ » 95%CI = 21.5-36.7 mL kgFFM'
067, min l) The correlation of VOZMk (mL-kgFFM*¢"-min I) on age using a In-linear model
was r = 0.64, (95%CI = 0.36-0.82, P<0.01). The equation for the regression of VOzmk on.
age for the In-linear model was: VO, (mL-ngFM° “-min™) = 739-[age(yr)*¥), (P =
0.41, SEE; 10%, 95%CI = 8-14%). "
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Table 23. Absolute and % rate of decline for VOzpeak recorded in 29 men aged 25-62

Absolute rate of Relative (%) rate of
VO,pea - decline per year decline per year
mL-min’ 36.5 - 0.79 -
mL-kg " 'min” 0.51 0.82
mL-kg”*min" 2.08 0.81
mL-ngFM"-min’l 039 0.53
mL-kgFF M'°'6l7-min‘l 1.78 0.62

| Table 24. Age-felated variance (%) in VQZW'

VO ,pea linear model Ln-linear n‘xodel
mL-min” 0.45 0.48
mL-dkg"-min'1 0.44 0.43
mL-kg®*"-min" 0.47 0.43
mL-kgFFM-min” 0.31 0.31
mL-ngFM‘°‘67-rnin" 0.40 (041

8525 PEAK CARBON DIOXIDE PRODUCTlON (VCO,)

| The mean value for VO2pelk recorded ina heterogeneous group of male competmve cychsts

“aged 25-62 yr (m= 29) was 5.52 (L min l) with a range from 4.02 to 7 02 (L min™) (scc

-Table 21) A moderate correlatlon was found between md1v1dual peak carbon dlo,ﬂde

| productlon VC02 L-min’ A% COZ,,“,() versus age usmg a linear model (r = 0. 70 95%CI =
0 45- 0 85 P<0 01) The absolute and percentage decline in vcoz,,,,,; with age was
calculated as 0. 046 L-min’ yr (~ 0.83 % yr'). The regresswn of VCOzpe,k on age forn=
29 usmg a linear model was; VCOzp,ak (L'min”) = 7 42-0.046- age (yr), (r2 0.49, SEE; 0.54
L-min®, 95%CI 0.43-0.73 L'min ™). The correlatlon of VCOZMk on age using a In-linear
model was r = 0. 70 (95%CI = 0.45-0. 85, P<0.01). The equatlon for the regressmn of
VCOpesx OD age for the In-linear model was: VCOzpe,lk (L'min™) = 19.7- [age(yr)” 3s], ( 2
0.50, SEE 11%, 95%CI = 9- 15%)
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8.5.2.6 PEAK RESPIRATORY EXCHANGE RATIO (RER)
The mean value for peak RER recorded in a heterogeneous group of male competitive
cyclists aged 25-62 yr (n = 29) was 1.20 with a range from 1.06 to 1.27 (see Table 21). No

relationship was found between 1nd1v1dual peak RER and age using a hnear model (r =
020 95%CI—-O 18053 P 028) '

8.5.2.7 PEAK CYCLING ECONOMY

The mean value for peak cycling economy (Kingypeu/VO,,.y) recorded in a heterogeneous
group of male competitive cyclists aged 25-62 yr (n = 29) was 87 [W-VO, (L'min™)] with a
range from 76 to 98 [W-VO, (L-min™)] (see Table 25) Table 25 shows the Pearson product
moment correlation coefficients calculated for individual peak economy and age using a
lmear model when economy was expressed relative to body size and scaled to body mass -
using the mass exponent 0.67. No reiatlonshlp (P>0.05) was found between peak economy

and age.

Table 25. Relationships between peak ’economy'and age based”on a linear model (n=29)

Economy r 95%ClI P

WO, (L) 0.10 2028 10 0.45 0.60
WO, (mL kg -min") 0.01 203610 0.38 0.94
WO, (mL-kgFFM -min") 032 20.05 15 0,61 0.10
W-VO, (mL- kg*’ “"-min’") - |00t 1-036t00.38 . 1094
W-VO, (mL-kgFFM™* .min') : [0.28 - 1-0.10t00.59 0.14

8.5.2.8 PEAK VENTILATION (V)

The mean value for Vg, recorded in a heterogeneous group of male competitive eyclists
aged 25-62 yr (n = 29) was 144 (L'min”, STPD) with a range from 114 to 173 (L'min™)
(see Table 21). A moderate correlation was found for age and Vg, using a linear model (r
= 0.51, 95%CI = 0.18-0.74, P< 0.01). The absolute and percentage decline in Vi, with
age was calculated as 0.75 L'min™yr", (~ 0.52 %-yr"). The regression of Vg, on age forn
= 29 using a linear model was; Vipes (L'min™) = 175-0.75-age (yr), (2 = 0.26, SEE; 15.5
L-tnin", 95%CI = 12.3-21.0 L-min™). The correlation of Vg, on age using a In-linear

model was r = 0.51, (95%CI = 0.18-0.74, P<0.01). The equation for the regression of Vsmk
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on age for the In-linear model was: Vipea (L'min™) = 307-[age(yr)**'], (* = 0.26, SEE;
12%, 95%CI = 10-16%).

8.5.2.9 PEAK BREATHING FREQUENCY

The mean value for peak breathing frequency recorded in a heterogeneous group of male
competitive cyclists aged 25-62 yr (n = 29) was 58 (breath-min) with a range from 47 to
78 (breath-min™) (see Table 21). No significant correlation was found between individual
peak breathing frequency on age for 29 subjects (range 25-62 yr) using a linear model (r =
0.13, 95%CI = -0.25-0.47, P = 0.52).

8.5.2.10 PEAK VENTILATORY EQUIVALENTS VOI,,W AND VCO,,,W)

The mean values for peak ventilatory equivalents for VO, and VCO, recorded in a
heterogeneous group of male competitive cyclists aged 25-62 yr (n = 29) were 31.5 and
26.3 respectively (see Table 21). No significant correlation was found between individual
peak V/VO, on age using a linear model (r = 0.28, 95%CI = -0.10-0.59, P = 0.14). A weak
positive correlation was found between individual peak V/VCO, on age using a linear

model (r = 0.44, 95%CI = 0.09-0.69, P<0.05).

BLa, (mmol-1")
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Figure 13. The regression of BLa; (mmol'L™") on age for 29 men aged 25-62. Data fitted

with a linear and 2™ order polynomial model
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8.5.2.11 BLOOD LACTATE AT 5 MIN POST PAC (BLA;)

The mean value for BLa, recorded in a heterogeneous group of male competitive cyclists
aged 25-62 yr (n = 29) was 11.90 (mmol-L") with a range from 5.04 to 15.45 (mmol-L")
(see Table 21). Individual blood lactate concentration at 5 min post PAC (BLa;) versus age
is depicted in Figure 13. A moderate correlation was found between age and BLa for a
quadratic (2nd order polynomial) model (r = 0.69, 95%CI = 0.43-0.84, P<0.01) and linear
model (r = 0.63, 95%CI = 0.34-0.81, P<0.01). There was no significant difference between
linear and quadratic models (F = 1.16).

The regression of BLa, on age for n =l2‘9 using a quadratic model was; BLa, (mmol-L") =
, [ -0. 0052-(age(yr)2]+0 3236-age (yr) +8.149, (*=0.47, SEE; 1. 50 mrrlol'L" 95%CI = 1. 19-;

2.03 mmol- L ". The regression of BLa, on age for n = 29 using a linear model was; BLaj
(mmol'L") = 16.89-0.12-age (yr), @@= 0. 40, SEE; 1.8 mmol L" 95%CI = 1.43-2.43
~mmol- L") The correlation of BLa5 on age usmg a ln-lmear model was r = 0. 57 (95%CI =
- 0.26-0.77, P<0. 01) The equatlon for the regressxon of BLa, on age for the In-linear model
“was: BLaS (mmol L l) 39 [age(yr)*’ ) (1“2 0.32, SEE; 8%, 95%Cl = 6-1 l%) -

/853 PART3

8 5.3. l POWER AT TLAC

The mean value for Klngw@TLac recorded in a heterogeneous group of male competltlve
cyclists aged 25-65 yr (n = 38) was 214 (W) with a range from 143-278 (W) (see Table
26) The mean value for ngw@TLac equated to 58% of mean ngWpeak

A moderate correlatlon was found between age and Klngw@TLac for a lmear model (r =
0. 64 95%CI = 0.40- 0. 80, P<0 0001) The dechne in ngw@TLac w1th age was calculated
as 1.9 W-yr (~ 0 89 % yr). The regressmn of ngw@TLac on age for n=38 usmg a
linear model was; Klngw@TLac (W) = 302 1.9 age (yr) = 0. 41, 30 W SEE 95%Cl =
25-39 W) The correlation of ngw@TLac on age usmg a ln-hnear model wasr = 0 61
(95%CI = O 36-0.78, P<0. 0001) The equatlon for the regress1on of ngw@TLac on age
for the ln-lmear model was: Klngw@TLac W) = 903 [age(yr)*’”], (= 0.38, SEE; 16%,
5%CI = 13-21%) The absolute (W) rate of declme in ngw@TLac was less than the
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decline in Kingy ., (1.9 vs 3.1 W-yr!, respectively) however this difference did not reach

the level of significance (P = 0.07).

Table 26 Mean + SD values for subJects physrcal charactenstlcs and threshold values
determined durlng LT (n= 38) ‘

o 4 Mean (x SD) “ Range
Age (y1) v 45+ 12 2565
Height(m) [ 179%006 = =  |169191
Bodymass(kg) -~ - . |761+58 62.8-92.4
Kingypea (W) - 1370856 - . | 282-483
King,@TLac (W) - [214£38 | 1143278
King,@OBLA (W) 279+44 - - - 1189-383
HR . (bmin™) 183+ 13 155-207
HR@TLac (b'min”) 139+ 14 | I15-167
HR@OBLA (bmin™) 161 %13 | [ 135-180
BLa@TLac (mmol'L") 1.52+0.49 — (').75'-2.604

8.5.3. 2 POWER AT OBLA
The mean value for ngw@OBLA recorded ina heterogeneous group of male competntlve

cyclists aged 25-65 yr (n = 38) was 279 (W) with a range from 189-383 (W) (see Table
26). The mean value for King,,@OBLA evquated to ~75% of mean W,

A moderate correlation was found between age and Kingw@OBLA for a llnear‘tnodel (r;
0.55, 95%CI = 0. 27 0.74, P<0. 0001). The decline in King,@OBLA w1th age was
calculated as 2. 0 W yr (~ 0.72 % yr). The regression of ngw@OBLA on age for n= 38
using a linear model was; King,@OBLA (W) = 368-2.0-age (yr), (?=0.31, SEE; 38 W,
95%CI = 30-48 W). The correlation of Klngw@OBLA on age usmg a In-linear model wasT
=0.54, (95%CI 0.26-0.74, P<0.0001). The equatlon for the regression of ngw@OBLA
on age for the In-linear model was: Kingy@OBLA (W) = 824- [age(yr)*’ ?], (2= 0.29, SEE
15%, 95%CI = 12-19%). The absolute rate of decline in King,@OBLA was less than the
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decline in Kingy,, (2.0 vs 3.1 W-yr', respectively) however this difference did not reach

the level of significance (P = 0.11).

8.5.3.3 HEART RATE AT TLAC

" The mean value for HR@TLac recorded in a heterogeneous gfoup of male competitive
_cyclists aged 25-65 yr (n = 38) was 139 (b'min™) with a rangye from 115-167 (b'min™) (see
Table 26). The mean value for HR@TLac equated to ~ 76% of mean HR

;’ A moderate éorrelation was found between age and HR@TLac for a linear model (r = 0.62,

1 95%CI =YO.37-O.79, P<0.0001). The decline in HR@TLa§ witﬁ age was calculated as 0.7

bemintyr! (~ 0.50 %-yr"). The regression of HR@TLac on age for n = 38 using a linear
model was; HR@TLac (b-min™) = 171-0.7-age (yr), (* = 0.39, SEE; 11 b'min", 95%CI =
9-14 b-min™). The correlation of HR@TLac on age using a In-linear model was r = 0.63,
(95%CI = 0.38-0.79, P<0.0001)._Thc equation for the regression of ‘HR@TLac on :a‘ge >for
the In-linear model was: HR@TLac (b'min") = 317-[age(yr)**], ( = 0.39, SEE 9%,
95%CI = 7-12%). There was no difference (P = 0.59) in the absolﬁte rate of decline
calculated for HR@TLac and HR ., (0.7 vs 0.8 b'min™"yr", respectively). ‘

8.5.3.4 HEART RATE AT OBLA

The mean value for HR@OBLA recorded in a heterogeneous group of male competitive
cyclists aged 25-65 yr (n = 38) was 161 (b'min™") with a range from 135-180 (b-min™) (see
Table 26). The mean value for HR@OBLA equated to ~ 88% of mean HR,,,,.

A moderate correlation was found between age and HR@OBLA for a linear modél (r=
0.61, 95%CI = 0.36-0.78, P<0.0001). The decline in HR@OBLA with age was calculated |
as 0.6 bmin™yr! (~ 0.37 %-yr"). The regression of HR@OBLA on age for n = 38 using a |
linear model was; HR@OBLA (bmin”) = 189-0.6:age (yr), (r* = 0.38, SEE; 10 b'min’,
95%CI = 8-13 bmin”). The correlation of HR@OBLA on age using a In-linear model was
r = 0.61, (95%CI = 0.36-0.78, P<0.0001). The equation for the regression of HR@OBLA
on age for the In-linear model was: HR@OBLA (b'min™) = 301-[age(yr)®"), (= 0.38,
SEE 7%, 95%Cl = 6-9%). There was no difference (P = 0.26) in the absolute rate of
decline calculated for HR@OBLA and HR,, (0.6 vs 0.8 b-min™yr", respectively).
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Table 27. Absolute and relative decline for Kingy,, and HR,,, and power and heart rate
determined at TLac and OBLA thresholds

Absolute Percentage

decline per year . decline per year
Kingypea (W) 31 o ]0.84
King,@TLac (W) 19 ... . 0.89
King,@OBLA (W) 20 0.72
HR . (bmin™) 0.8 - 044
HR@TLac (bmin’) 07~ - 0.50
HR@OBLA (b'min”) - - 06 - T 037

| 8.5.3.5 BLOOD ‘LVAC’TA'i.‘E” ATTLAC

The meén value for ‘ByLa@TLvac recorded in a heterdgenéous group of male éofripetitive
cyclists aged 25-65 yr (n = 38) was 1.52 (mmol-L") with a range from 0.75-2.60 (mmol-L’
- 1) (see Table 26). No correlation was found between individual BLa@TLac on age using a
linear model (r = 0.07, 95%CI = -0.26-0.38, P = 0.64)."

8.5.4 PART4

8.5.4.1 AVERAGE POWER DURING A LABORATORY BASED 16.1-KM TIME TRIAL
 (KINGwur) | o |

The rrieaﬁ value forr Kingy 11 re‘c>o>rded‘ in a heterogehéous 'group of male competitive

cyciists aged 25-63 yr(n= 45) was 298 w w1th a range from 199 to 408(W) (see Table

28). Individual average power sustained during a 16.1-km time trial (Kingy,rr) and

Kingyypea VEISUs age are depicted in Figure 14.

A moderate4cforrelation waét found t;étwecf.n age and’King\,m-r for é linear model (f - 0.66,
95%Cl = 0.44-0.80, P<0.01). The decline in Kingy,y with age was calculated as 2.6 W-yr*
(~ 0.87 %yr"). The regression of Kingy, rr on age for n = 45 using a linear model was;
Kingwirr (W) = 412-2.6:age (y1), (" = 0.44, SEE; 38 W, 95%CI = 31-48 W). The
correlation of Kingy,rr on age using a In-linear model was r = 0.66, (95%CI = 0.45-0.80,
P<0.01). The equation for the regression of Kingy, y on age for the In-linear model was:

Kingywrr (W) = 1147-[age(yr)**], (! = 0.44, SEE; 13%, 95%CI = 11-16%). The absolute
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and percentage decline in Kingy, 7 when expressed as W-kg' and Wkg

-0.67

was calculated

as 0.03 W-kg"yr' (~0.83 %-yr') and 0.14 Wkg**-yr' (~ 0.84 %-yr") respectively.

Table 28. Mean + SD values for subjects' physical characteristics and performance related

responses during an indoor 16.1-km cycling time trial (n=45)

Mean (+ SD) Range
Age (yr) 44413 25-63
Height (m) 1.79 +0.06 1.62-1.91
Body mass (kg) 75.5+6.6 56.5-92.4
Kingyypea (W) 376 + 65 226-538
Kingyrr (W) 298 + 50 199-408
Ty 1 (min:s) 22:45 + 1:46 19:37-27:16
HR,,, (b'min”) 183 + 13 155-207
HR,;; (b'min”) 171 £ 12 142-192

TLTT = performance time for 16.1-km time trial
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Figure 14. The regression of Kingy, rr (O) and King,., (W) on age for 45 men aged 25-62
yr. Data fitted with linear models. The absolute (W) rate of decline in Kingy, ; was less
than the decline in Kingy,.,, (2.6 vs 3.6 W-yr", respectively), however this difference did
not reach the level of significance (P = 0.18)
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8.5.4.2 AVERAGE HEART RATE DURING A LABORATORY BASED 16.1-KM TIME TRIAL
(HR 1)

The mean value for HR,; (b-min™) recorded in a heterogeneous group of male competitive
cyclists aged 25-63 yr was 171 (b'min”) with a range from 142 to 192 (b'min™) (see Table
28). Individual average heart rate sustained during a 16.1-km time trial (HR,;) and HR

versus age are depicted in Figure 15.

A moderate correlation was found between age and average heart rate maintained during an
indoor 16.1-km TT (HR,) for a linear model (r = 0.66, 95%CI = 0.44-0.80, P<0.01). The
decline in HR,; with age was calculated as 0.61 b-min"-yr" (0.36 %-yr"). The regression
of HR, ;; on age for n = 45 using a linear model was; HR (b'min™) = 197-0.62-age (yr),
(* = 0.44, SEE; 9 b'min”, 95%CI = 7-11 b'min™). The correlation of HR, 7 on age using a
In-linear model was r = 0.65, (95%CI = 0.44-0.79, P<0.01). The equation for the regression
of HR,;; on age for the In-linear model was: HR 1 (b-min™) = 295-[age(yr)* "], (r* = 0.42,

SEE; 6%, 95%CI = 5-8 %).

Heart rate (b.min")

30251 o3B3 dln KdS 901188 110060165
Age (years)

Figure 15. The regression of HR, ;7 (OJ) and HR,,, (M) on age for 45 men aged 25-62.
Data fitted with linear models. There was no difference (P = 0.35) in the absolute rate of

decline calculated for HR, ;- and HR ., (0.62 vs 0.75 b-min™-yr" respectively)

8.6 DISCUSSION

Hawley and Noakes (1992) found that a measure of maximal power whether expressed as

VO, OF Wiax Was highly related to endurance performance ability in trained cyclists.
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Surprisingly, there is very little information available concerning the age-related decline in
metabolic, cardio-respiratory and performance related responses recorded during a cycling
maximal exercise test and there is no information available concerning the age-related

decline in cycling endurance performance of trained competitive cyclists.

8.6.1 AGE-RELATED CHANGES IN KINGW,,W

Very few studies have mvestlgated the declme in maxrmal power of endurance cychsts
(Kavanagh and Shephard, 1990; Proctor et al., 1998) Data from the present study revealed
that the estimated age-related dechne in Wiy was similar to the value reported by
Kavanagh and Shephard (1990) for a group of 756 mixed ability competitive athletes. In
the present study, peak power (ngwp‘,k) was hlghest at about 30 yr of age (see Figure 9),
this value concurred w1th data concerning the age of cyclists who have won the Tour de
France cyclmg race (see Frgure 2) and with studies which have assessed the cross sectlonal
age-related decline in endurance performance (Grogan etal, 1991 Joyner, 1993; Moore,
1975; Salthouse 1976). Several authors have observed a sharper decline in maximal
aerobic power after the age of 60 (Joyner 1993 Pollock et al. 1997) However Salthouse
(1976) argued that the assessment of an age-relatcd decline in exercise performance was
significantly affected by the relatlvely low number of participants above this age. Data in
the present study suggested that a more severe decline i in KlngWpeak occurred after the age of
65 yr (see Flgure 9). One explanat1on for thrs concemed the relatrvely low number of

subj ects aged above 65 who part101pated in the study

When subjects below the age of 25 and above the age of 65 were excluded from the'
analysrs the estlmated age—related dechne in Kingype mcreased from about 25 t0 3.0
Weyr! (n = 87) This value was srmrlar to the declme inW_, recorded by Proctor et al.
(1998) who assessed the endurance capac1ty of 30 veteran athletes In the present study,
when the dechne in ngWpeak was calculated for the top two performers in age categones of
five year from the age of 25 to 29 and 60 to 64 the absolute decline i in ngwmk was hrgher
when compared wrth a large mlxed ability group (4 10 vs 3. 05 Weyr ) This ﬁndmg was
similar to the work of Seiler et :al. v(1998).who found that the absolute age-related rate of

decline in power output maintained during an indoor rowing ergometer performance test
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was higher for best performers (4.14 vs 3.25 W-yr"). It is important to note that all of these

calculations were based on cross-sectional methods of analysis.

Tanaka et al. (1997) found that the absolute rate of decline calculated for VO,,,,, per year
was higher in highly trained athletes when compared with relatively untrained age matched
individuals. However the relative (%) rate of decline was similar for each group. Data from
the present study revealed that the absolute and relative rate of decline in Kingy,,,, was
higher in the top performers (n = 16) when compared with the mixed ability group (n = 87).
It is difficult to determine whether this finding was due to the use of cross sectional
analysis and the selection of subjects who participated in the study or was a true reflection
of the age-related decline in peak power. In contrast to this, Seiler et al. (1998) found that
the relative rate of decline (based on cross sectional analysis) for power output maintained
during a rowing test was lower in the elite competitors (~ 0.90 vs 1.25 %-yr™), however the
number of subjects in this study was relatively high (n = 2487). Unfortunately there is no
other information available concerning age-related declines in W, recorded during a
Kingcycle PP test, therefore the findings of the present study provide new information on

this issue.

No 1nformatron is available concerning the relative contribution of anaerobic power to
ka, however age—related declmes in peak and mean anaerobxc power can be more
pronounced than declmes in peak aeroblc power (Chaman et al 1995), thlS would
explarn the hrgher rate of declme observed in the group of best performers in that anaeroblc
power contnbuted more to the values of Wi achreved by senior highly trained cyclists
and a more pronounced age-related decline in anaerobrc power affected the ka of the
cychsts who achleved the hrghest values. Data concemmg the effect of endurance training
on muscle ﬁbre type (for rev1ew see McComas 1996) suggests that the combmed effect of
age and endurance tralnrng would result in a marked change in ﬁbre type composrtron in
the veteran athlete. The alteratlon of Type IIb to Type Ila linked to endurance trammg and
agemg could lead to a reduction in anaerobic power (Sargeant, 1994) therefore this

supposition may explam the observed cross sectional age-related decline in W
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In the present study age accounted for about 31% of the variance in Kingy,,, in a
heterogeneous group of cyclists (n = 87). The dechne in W‘,e,k can be affected by changes
in body composmon and env1ronmental factors such as hab1tual phy51cal actnvnty, nutrition
and chronic diseases (Menard and Stanish, 1989) and it is reasonable to assume that levels
of physwal activity and training were more consistent among the performers with the
highest values for Kingy,. relative to age, in support of this postulate age accounted for

about 78% of the variance in Kingwp,,k in the more homogenous (best perfonners) group,

The combination of age and physical Stature accounted for 49% of the vaﬁance in Kingy,..x
(n = 87). Therefore inter-individual differences in body size had a significant affect on
Kingy,e, Further evidence to support this postulate was found when the relative rate of
decline in Kingyp.x Was increased when'valnes were normalised for differences in body
size (W-kg**-yr'"), however this increése was not obs.erved in the more homogenous group
of best performers (n = 16). These findings highlightedwproblems vassociyavted with subject
selection and cross sectional assessment of absolute and relative declines in W and
suggests that issues of using appropriate methods of scaling may be more important when
evaluating large heterogeneous groups of subjects. Unfortunately there is no information

available concerning the longitudinal decline in W, with ageing.

8.6.2 AGE-RELATED CHANGESINHR,,,, -

Several longitudinal studies have assessed the age-related rate of decline in HR,,,, (Kasch
et al., 1995; Pollock et al., 1997; Trappe et al., 1996). Data from the present study revealed
a cross sectional decline in HR . with age of about 0.66 (b-min"-yr") this value was
similar to the decline in HR,, reported by Kasch ef al. (1995). In the present study, age -
accounted for 56% of the variance in HR ., and the standard error of estimate for the
prediction of HR,. With 95% confidence was 4 to 6%, therefore an accurate estimation of
. HR,,, would not be obtained using a predietion equation such as 220-age as proposed by
Londeree and Moeschberger (1982). For instance, 95% ratio limits of agreement calculated
for HR ., recorded during PP (n = 114) and predicted HR,, based on the equation 220 -
age were similar (x/+ 1.11). Therefore as an example; an athlete with an age predicted
HR . of 190 bmin” could have a maximum value anywhere between 171 and 211 b-min”.
This questions the efficacy of using the Londeree and Moeschberger (1982) equation to
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predict HRp. Data collected in the present study suggests that the equation 210-
(0.66-age) could be used as effectively to predict HRpea in cyclists. As can be seen in
Figure 16 predicted values for HRpe based on each equation are notably different,
particularly in the older age range. Therefore the equation based on data collected in the
present study may provide a more effective method of predicting HR .y in veteran cyclists.
However, it is important to note that 18 cyclists (16%) of the group (n = 114) did not attain
the HR peax Value used as a criterion measure to assess the achievement of VO, (Howley

et al., 1995).
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Figure 16. Predicted values for HRpeax based on the regression equation 220-age (M) from

Londeree and Moeschberger (1982) and 210-(0.66-age) (®) from the present study

Joyner (1993) postulated that the rate of decline in HR,, can be reduced with chronic
exercise, however there is very little information available to support this supposition. In
the present study, a higher rate of decline was recorded in the group of best performers (n
=16) when compared with the heterogeneous group of competitors and age accounted for
88% of the variance in HRey in the group of best performers. It is worth noting that
Jongitudinal and cross sectional studies have estimated the rate of decline in HRy,, with
age using peak heart rate achieved by endurance runners during a running test (Pollock et
al., 1997, Trappe et al., 1996) and sedentary and trained individuals during a cycle
ergometer test (Babcock et al., 1992; Overend et al., 1992; Proctor et al., 1998). To my
knowledge there is no information available concerning the age-related decline of HR .

in competitive cyclists.
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8.6.3 AGE-RELATED CHANGES IN BODY MASS AND FAT FREE MASS

Various authors have reported an increase in body mass with age (McArdle et al., 1991;
Robergs and Roberts, 1996) however in the present study no age-related increase in body
mass was found in a heterogeneous group of 29 competltlve cyclists. Notably a significant
dechne in fat free mass (FFM) with age was found in this group of cyclrsts Age accounted
for about 15% of the varlance in fat free mass therefore other factors such as 1nter-
1nd1v1dua1 dlfferences in physwal stature, mherent endurance capacnty and habrtual
physical act1v1ty may have influenced estimated fat free mass values. Pollock et al. (1997)
mvestlgated age-related changes in estlmated fat free mass of endurance tramed athletes
during a 20 year longxtudlnal study. Durlng this period of tlme, the declme in estxmated fat
free mass was hlgher in athletes who maintained high levels of trammg compared W1th
‘ athletes who mamtamed moderate levels of trarmng In contrast to this ﬁndmg,
longltudmal studies of Mart1 and Howald (1990) and Rogers et al. (1990) reported no
change in the estrmated fat free mass of endurance athletes and a marked mcrease in the
estlmated fat free mass of sedentary untrained individuals. Poss1ble explanatlons for this
~ discrepancy include:- differences in the initial age and level of fitness of the subject; the
perlod of time between tests; and the reproduc1b111ty and vahdlty of methods used to
estimate fat free mass. However there is strong evidence to suggest that the decline in fat
free mass w1th age is more pronounced in endurance athletes ThlS postulate is supported
by cross sectional studies (Coggan et al., 1993 Hagberg et al 1988) which have reported

a faster rate of dechne in FFM estimated in veteran athletes when compared w1th sedentary

controls.

8.6.4 AGE-RELATED CHANGES IN HEIGHT

A reduction in height due to the effects of ageing has been frequently reported in the
literature (Robergs and Roberts, 1996). In the present study a significant rclationship was
found between age and height in a heterogeneous group of 29 competitive cyclists and age
accounted for about 22% of the variation in height recorded in this group. When multlple
In linear regressmn analys1s was used to assess the mterrelatronshlps between age, helght
and body mass on Kingy,. in a heterogeneous group of 114 cychsts, analysis of the data
revealed that body mass did not contribute to the vanance in Klnngeak and the combination

of age and helght accounted for 49% of the variance in Klngw,,‘,,k Interestmgly the
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exponent for height (H) calculated using multivariate allometric scaling of age and height
(H) was H'*® which was similar to the value of H? used in the estimation of body surface

area (McArdle et al., 1991).

8 6 5 AGE-RELATED CHANGES IN PERCENTAGE BODY FAT

Several cross sect10nal and longltudmal studles have reported an age-related increase 1n
percentage body fat (%BF) (Coggan et al., 1990 1993 Hagberg et al., 1985; 1988 Heath
et al., 1981; Proctor and Joyner, 1997 Proctor et al., 1995 Rosen et al 1998) In the
present study there was a mgmﬁcant increase m %BF relanve to age m a heterogeneous
group of trained cychsts Notably, age accounted for 50% of the vanance in %BF assessed
in this group of competltors Trappe et al. (1996) found that %BF assessed m veteran
runners was affected by 1nter-1nd1v1dual differences in trammg, therefore it is reasonable to
assume that the w1de range of values for %BF reported in the present study were
influenced by the tra1n1ng hlstory of each subject The increase in %BF with age has also
been attributed to a reduction i in basal metabolic rate due to the age-related loss of muscle

mass (Piers et al., 1998).

Methodologlcal problems assocrated thh the esttmatron of %BF using sklnfold
measurements need to be consxdered when evaluatmg the relatlonshlp between age and
changes in %BF (Clarys et al. 1987) For instance, estlmatlons of body densny and %BF
are based on equations developed from the assessment of untramed 1nd1v1duals Notably,
Lillystone et al. (1999) assessed the vahdlty of several methods of measuring %BF against
dual-energy X-ray absorptxometry (DEXA) and found that skmfolds were a more valid
method of assessment of %BF in male marathon runners when compared w1th underwater
welghrng and bloelectncal 1mpedance However the vahdlty of sklnfold measures for the

est1mat10n of %BF of endurance cycllsts has not been 1nvest1gated

8.6.6 AGE-RELATED CHANGES IN VO,

The effect of age on maxrmal aerobxc power (VO,.) has been extensively studied and
rev1ewed (Joyner, 1993; Menard and Stamsh 1989; Stamford 1988) Longitudinal studies
which have assessed the rate of decline in VOz,,,,x relative to age have reported a w1de range

of values and have suggested that the absolute declme in VOZ,,,,, is higher m trained

athletes when compared with untrarned md1v1duals (Tanaka et al., 1997). However the
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relative rate of decline is similar regardless of training habits and endurance capacity
(Tanaka et al., 1997). In the present study a VO,-plateau (an increase in VO, of less than
150 mL-min” with an increase in external workload, Taylor et al., 1955) was recorded in
17 of the subjects (59% of n = 29). Absolute values expressed as L-min™ and mL-kg"-min"
and percentage values calculated in terms of mL-kg"-min" for the rate of decline in VO
with age were similar to average values calculated from longitudinal work (Marti and
Howald, 1990; Pollock ét al., 1997; Trappe et al., 1996; Rogers et al., 1990). However, the
percentage rate of decline in VOpu (mLkg'min") was lower than average values
reported in longltudmal (Martl and Howald 1990; Pollock et al., 1997 Trappe et aI 1996;
Rogers et al., 1990) and cross sectional studies (Allen ef al., 1985, Aminoff et al., 1996;
Coggan et al., 1990 1993; Fuchi et al., 1989' Grimby and Saltin; 1966; Hagberg et ‘d I,
1985; 1988; 1998; Heath et al., 1981 Massé-Biron et al., 1992; Overend ef al., 1992
Posner et al., 1987; Prefaut et al., 1994 Proctor and Joyner 1997 Proctor et al 1995
1996 1998; Rivera etal 1989) ‘ ' :

Unfortunately there is very little information available concerning the effect of changes in -
body composition on the relative rate of decline in VO, in older athletes. However data
reported in the present study showed that changes in FFM can have a signiﬁcant affect on

normalxsed VOZMk values. Age accounted for 41% of the vanancc in VOZpeak when a
.expressed as mL kg'-min™. Therefore about 26% of the variance in Vozpe " could be
attributed to changes in FFM Numerous StudlCS have 1nvest1 gated the effects of trammg on
VO ,max values recorded in trained and untraxned young and old 1nd1v1duals (see Spma
1999) however there is very little information available concerning the rate of decline
attributed to the process of ageing per se. Interestingly, Batterham et al. (1999) concluded
that over 50% of the cross sectional decline in VO,,,, with ageing recorded in a large

heterogeneous group of subjects (n = 1314) was due to variance in body Composmon and

physical activity.

8.6.7 AGE-RELATED CHANGES IN VCO,,,W

Very few studles have mvestlgated the effect of age on peak values of Vco2 recorded
dunng max1mal CXCI'CISC Davis et aI (1979) observed a strong relatlonshlp between

absolute values for VCOZM and Vg and also the relatlve change in Vg,m and VCOZM
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after completion of an endurance training program. Data from the present study showed

that subjects who attained the highest values for VCO, also achieved the highest values for
VO, e and VEpeak

8.6. 8 AGE—RELATED CHANGES IN PEAK RER

Several cross sectional studies have assessed the effect of age on maxrmal values for RER
recorded during maximal exercise and have recorded lower values of RER in older subjects
(Aminoff et al., 1996; Overend et al., 1992; Proctor et al., 1998; Tzankoff and Norris,
1979). Similarly Rogers et al. (1990) found a reduction in RER with age during a
longitudinal assessment of the effects of ageing on maximal exercise performance capacity.
In contrast to these findings Pollock et al. (1997) found that maximal RER recorded in
highly trained athletes who maintained high levels of training during the intervening years
between tests did not decline with age. In the present study there was no relationship found
between age and peak RER recorded in a cross sectional heterogeneous group of trained
competitive cyclists. However it is worth noting that one senior and three veteran cyclists
(14% of n = 29) did not attain the value of RER (21.15) used as a criterion measure to

assess the achievement of VO,,,,, (Howley ez al., 1995).

8.6. 9 AGE-RELATED CHANGES IN CYCLING ECONOMY

No relatronshlp between economy and age was found in the heterogeneous group of
cyclists who partwlpated in the present study. Similarly Allen et al. (1985) found no
relationship between running economy and age. kThere is uery little inforrnation available
concerning the effect of age on maximalfan.d sub-maximal eycling economy, this is
unfortunate consrdenng the postulate that economy 1s a key determmant of successful
endurance performance (Anderson 1996; Coyle et aI 1991 Coyle, 1995, Horothz et al.,
1994; Joyner, 1993 Olds et al., 1995) Studies Wthh have recorded W o and VO, in
senior and veteran athletes have found hlgher values for economy in semor (Proctor et aI

1998) and veteran performers (Massé Biron et al., 1992)
Coyle (1995) suggested that cycling economy was strongly related to the percentage of

type I muscle fibres observed in highly trained and elite cyclists and suggested that muscle

fibre recruitment patterns could also explain the high values for economy recorded in these
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competitors. Several studies have reported a decline in muscle mass (Coggan et al., 1993;
Lexell et al., 1988) and a reduction in the percentage of type II fibres (Coggan et al., 1990;
Proctor et al., 1995) with ageing. However the effect of these changes on cycling economy
has not been investigated. Unfortunately age-related changes in muscle structure and
function were not assessed in the present study. However the postulate that age-related
changes in muscle structure and function do not affect peak cycling economy of veteran

cyclists needs further consideration.

8.6.10 AGE-RELATED CHANGES IN Vg,

The decline in Vg, With age has been investigated on several occasions (for review see
Johnson and Dempsey, 1991) and various studies have recorded a longitudinal decline in
Ve With age in both highly and moderately trained athletes (Pollock ef al., 1997; Trappe
et al., 1996). Data to support the postulate that exercise training can attenuate the age-
related decline in Vg, are equivocal (Kasch et al., 1995; Pollock et al., 1997; Trappe et
al., 1996). In the present study the cross sectional decline in Ve With age in competitive
cyclists was relatively low cornpared with values determined from longitudinal work.
However, it is reasonable to suggest that values reported in this study may not represent an
age-related effect but indicate methodological problems associated with subject selection
and the use of cross sectional analysis. However, data from the presenf study may provide
new evidence to suggest that the age-related decline in Vepeak observed in competitive
cychsts is less when compared with endurance runners and untrained individuals. Notably
longltudlnal work which has provxded inconclusive evidence regardmg the effect of
training on Vi have consistently investigated physiological changes in trained runners
(Pollock et al., 1997; Trappe et al., 1996). There is no information available concerning the
longitudinal decline in Vepeak Of endurance trained cyclists. In this study, age accounted for
less than 30% of the change in VEmk, therefore further research is warranted concermng the

effects of other factors such as endurance tralmng and habrtual phys1cal actlvxty

8.6.11 AGE-RELATED CHANGES IN PEAK BREATHING FREQUENCY

Very few studies have investigated the effect of age on breathing frequency attained during
maximal exercise. Astrand et al. (1997) reported a longitudinal decrease in maximal

breathing frequency of about 5 breath-min™ over a period of 33 years. However data in the
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present study showed that there was no relationship between age and breathing frequency.
The decline in Vi, with age found in the present group of cyclists appears to have been
influenced by a reduction in tidal volume. There is a large volume of longitudinal (Pollock
et al., 1997) and cross sectional work (Morris et al., 1971) to show that static and dynamic
lung volumes decline with age and data presented here provides strong evidence to suggest
that the decline in Vg, with age can be attenuated by the maintenance of a relatively high

breathing frequency.

8.6.12 AGE—RELAfED CHANGES 1& YENTXLATORY E‘QUIVALENTS‘ FOR | VO,...c AND
VCO,,,M
Several authors have reported a longitudinal age—related increase in ventllafory cqun"alene
for VOzm (Astrand et al., 1997; Kasch et al., 1995; Pollock et al., 1997). These findings
have been supported by cross sectional work which has also reported a similar age-related
increase in ventilatory equi\;alent for VO,,.., (Fuchi et al., 1989; Heath et al., 1981; Proctor
et al., 1998). In the present study, a very weak relationship between age and ventilatory
equivalent for VCO, was found and the relationship between age and VE,,/VO,,, Was
not significant. Very few studies have investigated the effect of age on the ventilatory
equivalent for VCO,, therefore it is difficult to compare the findings of the ‘present study
with previous work. Stamford, (1988) suggested that an increased ventilatory equwalent

for VO2 with age was related to a greater response to VCO,.

8.6.13 AGE-RELATED CHANGES IN BLOOD LACTATE ASSESSED AT S MIN POST PAC

There is surprisingly very little information available concerning the effect of age on blood
lactate concentration (BLa) recorded after the completion of maximal exercise (Astrand
and Rodahl, 1986; Roecker et al., 2000). Data from the present study revealed an age-
related decline in blood lactate concentration recorded five minutes after completion of a
Kingcycle PAC test. This decline of 0.12 mmol-L*yr! was less than the 0'16‘mm01'L"-yr','
calculated from the model of Astrand and Rodahl (1986). Massé-Biron e al. (1992) argued
that level of fitness can have a significant - affect on peak lactatacidaemia, and
methodological problems associated with the measurement of bloed lactate concentration
have been previously highlighted (Williams et al., 1992). Study two of this thesis

highlights the range of measurement error associated with the assessment of peak blood
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lactate concentration which needs to be considered when comparisons are made between

studies.

Although various authors have used a measure of peak BLa to assess changes in anaerobic
capacity it is now generally accepted that peak BLa does not provide a valid indirect
assessment of anaerobic capacity (see Vandewalle et al., 1987). It is reasonable to assume
that the decline in peak BLa reported in this study may be more related to a reduction in
lean body mass (Proctor et al., 1995). It is worth noting that values for BLa; recorded for
three veteran cyclists (about 10% of n = 29) did not reach the value for post maximal

exercise BLa of >8 mmol-L" used as a criterion measure to assess the achievement of

VO, (Howley et al., 1995).

8.6. 14 AGE-RELATED CHANGES IN POWER AT TLAC AND OBLA

Very few studies (Massé-Biron et al., 1992) have investigated age-related changes in
threshold power in senior and veteran cyclists. Therefore data presented in this study -
provides new information on this issue. One inxpoftant finding is that power at 'i'Lac and
OBLA when expressed as a percentage of Kingy,,, tended to increase with age. However
this age asSQciated increase did not reach the level of significance (p = 0.11). The 38
subjects who participated in the present study were of mixed ability and repreeented a
heterogeneous population. Large inter—individual differences in performance ability, level
of fitness and training history may have concealed the underlying relationship between age
and exercise intensity at threshold. Several authors (Allen ef al., 1985; Massé-Biron e al.,
1992) have reported that relative exercise intensity (%V0,,,,) at threshold was higher in
| veteran athletes when compared with seniors and Iredale and Nimmo (1997) found that
TLac (expressed as %VO,,,,) was higher in elderly subjects when compared with young
eedentary individuals. The exact mechanism(s) responsible for this age-related change
s/are unclear, however Coggan et al. (1990) hypothesised that lower levels of lactate
dehydrogenase activity, combined with higher respiratory enzyme activity and capillary
supply found in veteran athletes favoured a reduction in lactate production and thereby
 explained the higher lactate threshold (%VO,,,,) recorded in elderly populations and

veteran performers. Unfortunately oxygen ‘consumption at TLac and OBLA was not
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assessed in the present study, however it is likely that higher values for %King,,.,, at TLac

and OBLA with age would have coincided with a higher %VO,cy.

Massé-Biron et al. (1992) found that veteran cyclists (mean age 65 yr) were unable to
attain a fixed blood lactate concentration of 4 mmol'L" (OBLA) during an incremental
cycling test. In the present study all of the subjects were able to attain a fixed blood lactate
of 4 mmol-L™. This discrepancy may have been due to lower age of the veteran cyclists
who part1c1pated in the present study, the dlfferent testing protocol used to estabhsh OBLA |
exercise 1ntens1ty and the fact that Massé- Blron et al. (1992) measured lactate
concentratlon in venous whole blood. Several authors have suggested that peak
lactac1daem1a declines with age (Astrand and Rodahl 1986) however compansons between
senior and veteran competltors can be problematlc due to the effects of diet, pre-test
preparatlon and level of fitness on peak blood lactate concentratlon (see Howley et al
1995). Also several methodologlcal issues concermng the assessment of BLa such as
sample sxte, method of assay and testmg equlpment need to be considered when

comparlsons are made between studles

There is no information available concemmg longxtudlnal age-related changes in power at
| TLac and OBLA and in order to mvest1gate the effect of age on these vanables cross
sectlonal research has typlcally matched groups of senior and veteran athletes on trammg
status (Masse-Blron etal 1992) and performance (Allen etal. 1985) The use of a between
subJect factor to compare across groups is ultlmately dependent on the homogenelty of
vanance of each group and the control of experimenter bias, therefore compansons

between age groups may be more mdrcatlve of subJect selectlon and not the agemg process

per se.

8.6.15 AGE-RELATED CHANGES IN HEART RATE AT TLAC AND OBLA

Allen et al. (1985) assessed the effect of age on heart rate associated with a fixed blood
Jactate concentration of 2.5 mmol-L" and found that heart rate (expressed as %HRM) was
higher in a group of performance matched veteran runners. Data from the present study
revealed that although the absolute value for heart rate at TLac and OBLA declined with

age there was no age associated decline when values were expressed as %HR .. Although
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relative exercise intensity (%Kingy,.,) at threshold tended to increase with age there was
no concomitant increase in heart rate (%HR,,,) this indicated that the relationship between
exercise intensity and heart rate varied with age and that workload at TLac and OBLA
tended to be higher in veterans when expressed as %Kingy,.,, but not HR . Investigators
should be aware of this discrepancy when using heart rate to prescribe a relative training
and competitive exercise intensity based on the relationship between power and heart rate |

at threshold.

8.6.16 AGE-RELATED CHANCES IN AVERAGE POWER DURING AN rNDooR‘ 16.1-kM TIME

L N R | , " 00 ’ v
There is no 1nformatron avallable concemmg the effect of age on cyc]mg time tnal
performance. However investigators have assessed the relative age-related cross sectional
decline in running performance time (Grogan et al., 1991; Fuchi et al., 1989; Salthouse,
1976) and average power output maintained during a 2500 m rowing ergometer race (Seiler
et‘dl., 1998). Data collected in the present study showed that the percentage rate of decline
for average power maintained during a 16.1-km time trial was less than t'alues reported by
Selier et al. (1998) (8.0 vs 12.5% per decade, respectively) however performance time in
the rowmg race was about 10 mlnutes compared w1th an average time for the 16.1-km time
trial of about 23 minutes. Grogan et al. (1991) found that a faster rate of performance
declme assocrated w1th agemg occurred dunng shortcr runmng distances of 5- and 10 km
when compared with longer races such as the Marathon The authors postulated that
performance declined more quickly with age during 5- and 10-km races due to an age-
related change in runni_ng economy i}nd a decline in lean body mass and strength. In shorter
distance events the relative contributionof energy from anaerobic sources is higher than
long distanee events (McArdle et al., 1991), therefore it is reasonable to assume that an

age-related decline in anaerobic capacity may have influenced these findings.

In the present study, age accounted for about 44% of the variance in average power output
mamtamed by a heterogeneous group of cyclists during a 16. l-km txme trial, therefore
differences in performance can be attributed to inter 1nd1v1dua1 vanatlon in trammg habits
and endurance capamty There was no change in the relatlonshlp between age and time trial

power output when performance power was expressed relative to body mass and age-
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related changes in percentage body fat were not assessed in this part of the study. It is
reasonable to assume that changes in body composition and a decline in fat free mass with

age would have contributed to the decline in average power output.

Data collected in the present study revealed that the age-related cross sectional decline in
average power output maintained during a laboratory based 16.1-km vtime ktrial was lesg
than the age-related rate of decline for Kingy,,,. Although this difference did not reach the
level of significance, data revealed a tendency for older cyclists to maintain a higher
relative exercise intensity (expressed as %Kingy,.,) compared with seniors. Allen et al.
(1985) found that veteran runners were able to maintain a higher %VO,y,, at 10-km race
pace when compared with performance matched senior competitors, however no study has

assessed %W, maintained by veteran cyclists during time trial races.

Explanations for the finding that veterans can maintain a higher relative exercise intensity
during endurance performance tests include the effects of an age-related reduction in
anaerobic capacity (Chamari et al., 1985) and a faster rate of decline in W,,, due to age-
related changes in maximal cardio-respiratory function (Aminoff et al., 1996). It can be
argued that veterans exercise at a higher %W, due to a decline in W,,, and not an
improvement in physiological and morphological factors which inﬂuénce sub-maximal
race pace. The absolute rate of decline in rowing performance reported by Seiler et al;
(1998) was higher than the rate of decline in 16.1-km time trial power assessed in the
present study (3.25 vs 2.60 W per year, respectively). However, methodological issues
concerning the validity and reproducibility of power recorded during cycling ergometery

may have influenced the difference found between studies.

Methodological problems concerning the validity of power recorded using the Kingcycle
have been discussed elsewhere (see chapter seven) and due to the random nature of the
error in the Kingcycle identified previously there is no evidence to suggest that the ége-
related declines calculated for peak power and average performance power during the time ‘
trial were affected by this discrepancy. However the difference in Kingcycle power when
compared with SRM power should be considered when comparisons are made within and

between studies.
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8.6.17 AGE-RELATED CHANGES IN AVERAGE HEART RATE DURING AN INDOOR 16.1-KM

TIME TRIAL

There is no information available concerning the effect of age on average heart rate
maintained during cycling endurance performance tests. Data collected in the present study
revealed that the age-related decline in average heart rate maintained during a laboratory
based 16.1-km time trial tended to be less than the age-related rate of decline calculated for
peak heart rate, this difference was not significant. Investigators should be aware that
veteran cyclists tend to maintain a higher relative workload (expressed as %W,,,) and that
during a 16.1-km time trial this age-related increase is not matched by a similar increase in

relative heart rate response.

8.7 SUMMARY

Moderate negative correlations were found for age and Kingyyea HR,,,,,k recorded duringa
Kingcycle peak power test. However the age related absolute decline in Kingy,,,, was
influenced by the endurance performance ability of the subject group and the relative -
decline in Kingy,e Was also influenced by body composition. The age related decline in
Kingypes and HR,ey, Was about 35-40 W and 7 b'min" per decade. Moderate negative
correlations were also found for VO, VCOypeps VE,., and BLa,. Age related declines in
these variables were estimated as 0.36, 0.46 and 7.5 L'min"' and 1.2 mmol'L" per decade,
respectively. A positive correlation was found for age and %BF which equated to an
increase of 2.5% per decade. No correlation was found for age and peak values for

breathing frequency, cycling economy and RER.

Moderate negative correlations were found for age and power at TLac and OBLA and age
and HR at TLac and OBLA. Age related declines in these variables were calculated as 20
W and 6-7 b'min" per decade for both TLac and OBLA respectively. Moderate negative
correlations were also found for age; and average power and heart rate recorded during a
laboratory based 16.1-km cycling time trial. The age related decline in average power and
heart rate’during this event was estimated as 26 W and 6 b-min" per decade. Age related
changes in relative exercise intensity determined at TLac and OBLA and exercise intensity
maintained during an indoor time trial did not reach the level of significance however there

was evidence to suggest that veteran athletes maintained a relatively higher workload
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during cycling performance. Investigators need to be aware of age related declines in
physiological variables associated with successful endurance performance when
comparisons are made between age groups and when using normative values to assess

relative exercise performance capacity.
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CHAPTER 9

9 THE EFFECT OF AGE AND TESTING ‘PR(’)’I"OCOL ON TﬁE
DETERMINATION OF THRESHOLD EXERCISE INTENSITY

9.1 INTRODUCTION -

Research has found that the assessment of a threshold level of exercise intensity can be
affected by a multiple of factors such as diet, pedal cadence and testing protocol (see
chapter four of this thesis) and the effect of age on blood lactate derived thresholds has
been investigated in competitive cyclists (Massé-Biron et al., 1992) however there is no
information available concerning the interactive effect of age and testing method on the

determination of blood lactate thresholds.

9.2 AIM OF STUDY 4

To gain new knowledge concerning methodologrcal issues whlch affect the determination

of threshold exercise intensity.

9.3 OBJECTIVES ..

931 "PART1

To compare the frequency and 1ntens1ty of trammg between a group of semors and veterans

in order to select cychsts to partrcrpate in part 2 of the study

9.3.2 PART2
To investigate the interactive effect of age and testing protoeol on the determindtion of

threshold exercise intensity.
9.4 METHODS
9.4.1 PArT1

A questionnaire was compiled to compare the frequency and intensity of trainirrg between
seniors and veterans in order to select cyclists to participate in part 2 of this study

Frequency of racing and training and the intensity of training/racing was assessedkdurin'g a
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9 month period. Twenty senior (35 £ 6 yr) and 20 veterans (57 £ 6 yr) who regularl y'
competed in cycling time trial races eompleted a questionnaire (see appendices). This
ascertained the number of races completed in one season and the type, frequency and
intensity of cycle training/racing performed during the first week of June, September,
December and March. During this period, cyclists maintained an activity diary and used a
heart rate monitor (Polar, Kempele, Finland) during training and racing. Each subject
performed a Kingcycle peak power test (PP) for the determination of maximum heart rate
(HRmk) Intensny of training/racing was based on 4 levels of heart rate response i) level 1,
below 75% maximum heart rate (HR,) ii) low level 2, 75-80% HR,,, iii) high level 2,
80 85% HRmk and 1v) level 3, above 85% HR (Westell 1990)

9.4.2 PART2 |
Subjects who participated in the study were all well trained cyclists who regularly
competed in local cycling races. Six senior and six veteran cyclists were matched on level

of training (frequency and relative intensity) using the information obtained from the

training questionnaire. Subject characteristics are shown in Table 29.

Table 29. Mean + SD and range of values for subject characteristics

Seniors (n=6) | Range Veterans (n = 6) | Range
Age (y1) 28+3 25-32 58+4 52-63
Height (m) - 1.86 + 0.05 1.79-191 |1.77 +£0.04 1.73-1.84
Body mass (kg) |75.3+4.0 71.0-82.5 | 76.8 % 6.0 71.5-86.0
SRMypear (W) 444 £27 403-484 | 338 +26 304-368
HR,, (bmin”) |194+4 191202 | 1678 157-179
VO pene (L'min™) | 5.28£0.17 506546 | 4182023 3.89-4.51

Each subject perfoﬁned :-"i) a peak aerobic eapacity test (PAC) to determine SRM,,.,,; ii)
a blood lactate threshold test using a continuous ramped exercise protocol (LT,,,); iii) a
blood lactate threshold test using a continuous incremental protocol (LT;,) and iv) a blood
lactate threshold test using a diseontinuous incremental protocol (LT,,). Each test was

randomly assigned and ‘separated by at least one week. For each test, subjects used their
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own bicycle fitted with SRM attached to a Kingcycle air braked ergometer. During all tests

power was recorded using a SRM power meter.

9.4.2.1 PEAK AEROBIC CAPACITY TEST (PAC)

Each subject completed a Kingcycle peak aerobic capacity test as previously described in

7.4.2.

9.4.2.2 THRESHOLD TEST USING A RAMPED PROTOCOL (LTy4yp)

Following a five min warm-up at a power output equivalent to about 45% of Kingy e,
subjects completed a continuous ramped exercise protocol as described by Davison er al.
(1996). Starting power was ~ 45% Kingype,x and ramp rate was 6 W-min™. During the test
subjects selected their own pedal cadence (rev-min'l) and were allowed to change gear ad

libitum. The test was completed when subjects reached volitional exhaustion.
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Figure 17. A schematic of power output and blood lactate response recorded for one

individual during a LT, test (with power recorded using Kingcycle)

9.4.2.3 THRESHOLD TEST USING A CONTINUOUS INCREMENTAL PROTOCOL (L Tx)

Following a 5 min warm-up at a power output of about 45% of Kingwpex Subjects
completed a continuous incremental exercise test. Starting power was ~45% Kingwpex and

workload increased by 24 W at the end of each 4 minute stage. Subjects self-selected
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pedal cadence (rev-min'l) and changed gear ratio ad libitum. The test was completed when

subjects reached volitional exhaustion.

450
400
350
300
250
200
150
100
50
o +—+—++—++—++—+t++t++—t++t++t+t+++++++t++++++++0

130 5. 078 0L 11 i1 301 5 81RO R 12 38D S U2 782083

Power output (W)
N W S LhISON &3 700 N\D

Blood lactate (mmolfl)

Time (min)

Figure 18. A schematic of power output and blood lactate response recorded for one

individual during a LT, test (with power recorded using Kingcycle)

9.4.2.4 THRESHOLD TEST USING A DISCONTINUOUS INCREMENTAL PROTOCOL (LTy5)

Following a five min warm-up at a power output equivalent to about 45% of Kingwpeak
subjects completed a discontinuous incremental exercise protocol. Starting power was ~
45% Kingwpex and workload was increased by 24 W at the end of each 4 min stage.
Between stages subjects were required to stop pedalling for 15-s until power output had
dropped to ~ 75 W, this power was maintained for a further 30-s at which point subjects
had 15-s to accelerate to the required power of the next stage. Subjects selected their own
pedal cadence (revmin) and were allowed to change gear ad /libitum. The test was

completed when subjects reached volitional exhaustion.

9.4.2.5 BLOOD LACTATE DURING LTruvpy LTixe AND LTy

For the LTramps LTinc and LT tests fingertip capillary blood samples were collected at 1-
min intervals from the start of the warm-up to completion of the test. Each sample of
fingertip capillary whole blood was assayed for BLa (Biosen 5030L, EKF Industrie,
Electronik GmbH, Barleben, Germany). Each blood sample was assayed (in duplicate) for
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the concentration of BLa (mmol-L") and the average value of the duplicate samples was

used in all subsequent analyses.
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Figure 19. A schematic of power output and blood lactate response recorded for one

individual during a LTg; test (with power recorded using Kingcycle)

9.4.2.6 POWER AND CADENCE DURING LTpanes LTnve AND LT 5

Before testing, each subject reported to the laboratory with their racing bicycle. The chain-
set of the bike was removed and replaced by either a 4 or 20 strain gauge torque transducer
'‘power meter (SRM, Julich, Germany). The power meter was calibrated using the
appropriate system software and calibration was checked before and after each test was
completed. During the tests power output (W) and pedal cadence (rev:min™') were recorded
at 1-s intervals and mean values were calculated for each min of the test. Each test was
performed using a Kingeycle test rig and subjects were required to maintain the power

output displayed on a computer screen using version 5.5 Kingcycle computer software.

9.4.2.7 HEART RATE DURING LTrunrs LTxc AND LT

Heart rate (b'min™) was recorded at 5-s intervals (Polar, Kempele, Finland) throughout

each test and mean values were calculated for each min.
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9.4.2.8 EXPIRED GAS VARIABLES DURINGLT,,, .., LT,,,ANDLT,,
During LT,y LT and LT, tests expired air was measured over one min intervals using
the Covox online gas analysis system. Values for VO,, were recorded at one min intervals

during the warm-up period and throughout the test.

9.4.2.9 DETERMINATION OF THRESHOLD INTENSITY

Ind1v1dua1 values for power output (W ), heart rate (b'min™) and oxygen uptake (VO, L'min"
'y were determined at designated lactate thresholds. Blood lactate threshold (TLac) was
identified as the first abrupt increase in lactate concentration above the baseline blood
lactate level (as previously defmed By Farrell et al., 1979). The point of OBLA was
1dent1fied as the fixed blood lactate concentratlon of 4 mmol- L Values for blood lactate
were plotted against time and TLac and OBLA were determmed by three investigators
| using visual inspection of the blood lactate response during each test. The mean selection

of the three reviewers was used in the subsequent analyses.

0.4.3 STATISTICAL ANALYSES

Results are expressed as mean :t SD. Power output (W) heart rate (HR), oxygen uptake
v 02), blood lactate concentratxon (BLa) and pedal cadence (Rev) for each threshold were
expressed as absolute values (W, b'min”, L-min™ mmol-L" and rev-min™ respectively) and
relative values (%SRMupaso %HRpuy and %vozpeak iéSpeg?‘tivel)’) Data were checked using
SPSS for violations of the assumptlons for usmg parametnc statistics. Analysis of variance
(ANOVA) with one between subject factor (age) and one repeated measures factor (tests)'
were used to compare absolute values for blood lactate concentration at TLac and pedal
cadence at TLac and OBLA and absolute and relative values for power, HR and VO, at
TLac and OBLA determined during LT, LT;, and LTy, tests. Level of significance was

P<0.05 and post hoc comparisons were completed using Tukey HSD tests.
9.5 RESULTS

9.5.1 PART1
Data from the questlonnalre revealed no dlfference (P>0 05) between groups for the
number of races completed, overall tlme spent cycling and the amount of training during

the first week of June, Sept., Dec. and March. Training increased (P<0.05) in the veteran
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group between the first week of December and March and although training intensity was
similar between groups (P>0.05) veterans did tend (P = 0.16) to train more at a low

intensity (i.e. below 75% HR o) when compared with seniors.

Table 30 Amount of time (mean * S.D) veteran (n = 20) and senior (n = 20) cyclists

trained during first week of June, September, December and March

Week 1st wk June 1st wk Sept. 1st wk Dec. 1st wk March
(h:min) (h:min) (h:min (h:min)

seniors 6:56 + 3:21 7:24 +2:44 7:47 £ 3:40 9:09 +3:19

veterans | 7:32+3:57 7:23+£3:28 6:35£3:17 9:05 + 3:46*

significantly higher (P<0.05) than 1st week of December in veteran cyclists

Above 85%  80-85% 70-75%  Below 75%

Figure 20. Percentage of mean overall time senior (n = 20) and veteran (n = 20) cyclists

trained at each exercise intensity (%HRpea) during the 1st week of June

70-75%

Above 85%  80-85% Below 75%

Figure 21. Percentage of mean overall time senior (n = 20) and veteran (n = 20) cyclists

trained at each exercise intensity (%HR ) during the 1st week of September
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Above 85%  80-85% 70-75%  Below 75%

Figure 22. Percentage of mean overall time senior (n = 20) and veteran (n = 20) cyclists

trained at each exercise intensity (%HR i) during the 1st week of December

Above 85%  80-85% 70-75%  Below 75%

Figure 23. Percentage of mean overall time senior (n = 20) and veteran (n = 20) cyclists

trained at each exercise intensity (Y%oHR ) during the 1st week of March
9.5.2 PART2

9.5.2.1 ABSOLUTE POWER, HR, VO,, AND BLA AT TLAC AND OBLA IN SENIORS AND

VETERANS

Data revealed that mean absolute values for power output (W), heart rate (b'min™') and
oxygen uptake (L'min™") determined at TLac and OBLA were significantly higher (P<0.05)
in the seniors cyclists when compared with the veterans. However no difference (P>0.05)
was found between age groups for blood lactate concentration at TLac and cadence was

higher (P<0.05) in the senior group at TLac but not OBLA (P =0.15)
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Table 31. Absolute values (mean + SD) for power, heart rate, VO, blood lactate and pedal

cadence from three testing protocols in semor (n 6) and veteran (n 6) cycllsts

B Seniors Veterans
SRMw@TLac (W) 231138 * .| 193+£22
HR@TLac (bmin-!) 1407  * 120+ 10
VOy@TLac (L'min-1) 3091035 * 2.60 £0.31
Lac@TLac (mmol-L-!) 147+037 . 1.71+£0.49
Rev@TLac (rev:min-!) 9% +6 * 885
SRMw@OBLA (W) 309+£32  * 253 +21
HR@OBLA (bmin-1) 164+7  * 142+ 8
VO,@OBLA (L'min-l) - [420£048 * 3.47+0.37
Rev@OBLA (revmin-1) ‘ 97+ 6 92+6

denotes sxgmﬁcantly higher than veterans (P<0. 05)

9.52.2 RELATIVE POWER, HR, VO,, AND BLA AT TLAC AND OBLA IN SENIORS AND
VETERANS | -

: There was no diffefehcé (P>0.05) betwéen groups for %HR,.,, and %VO,,,, at TLac and

" OBLA and %SRwa,,k at OBLA, however %SRMy,,,, at TLac was higher (P<0.05) in the

veteran group. Values for %SRMW,,,,k at OBLA did tend to be higher in the veteran group

but this difference did not reackh the level of significance (P = 0.14).

" Table 32. Relative values (mean + SD) for power, heart rate and VO, determined from the

three testing protocols in senior (n = 6) and veteran (n = 6) cyclists

s Seniors - Veterans P values 95%Cl
%SRMWpeak@TLaC 524+33 - 56.7+5.6 0.04%  ]0.09-85
%HRpeak@TLac 719+33 722159 0.92
%VOzpeak@TLac 58.5+6.0 162.1£6.7 0.27
%SRwaeak@OBLA 69.7+4.5 1744159 0.14 -1.8-11.2
%HRpeak@OBLA 842+22 85415.6 0.62
%VOzpeak@OBLA 79.6 £ 8.1 83.1+9.2 0.51

denotes significant difference between seniors and veterans (P<0.05)

95%CI - 95% confidence intervals for difference in the mean of senior and veteran groups
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Table 33. P values for post hoc comparisons across LT, LT, LTy, tests

. LT mp = LTinc LTomp = LT - LT, -LTy,
%SRM ypeu@TLac 0.02 * .- 001 * . 0.99
%HR .. @TLac 0.02 * 0.01 * 0.94
%VO,pea@TLac 0.04 * 0.13 0.82
%SRMy,@OBLA | 0.08 0.89 0.03 *
%HR ., @OBLA 0.04 * 0.01 * 0.29
%V O, @OBLA 0.01 * 004 * 0.001 *

denotes signiﬁcant difference (P<0.05)

VTable 34 Mean + SD values for power output (W) heart rate (b min '), VO2 (L'min’ )

blood lactate concentratlon (mmol-L") and pedal cadence (rev min") at TLac (n = 12)

LTump o LT , LT4 o
o Mean = SD Range Mean £ SD Range V Mean £ SD. Range r
SRMW@TLac | 224 £29 *# 174-260 207 £ 30 168-252 | 206 + 21 — 174-235
HR@TLac 135£13 %% | 109-152 128 £ 14 106-151 {127+11 | 110-146
VO,@TLac 2971046* 2.11-391 |276+046 | 1.94-3.54 | 2.81+0.30 |2.31-3.31
BLa@TLac 1.66 £ 0.55 1.02-285 [153+038 [0.90-2.3 |158+041 |[1.01-2.42
Rev@Tlac | 948 79105 | 9127 79105 o156 81103

denotes significantly higher than LTjn¢ (P<0.05)
# denotes signiﬁcantly higher than LTdis (P<0.05) 7'

' 9 523 ABSOLUTE VALUES AT TLAC FOR COMBINED GROUP

Mean values (n = 12) for power output (W), heart rate (bmin n) oxygen uptake (L i )
and blood lactate concentration (mmol-L™") at TLac determined from the three LT tests are
shown in Table 34. Thérev was no difference (P>0.05) for oxygen uptake an d blood lactate :
concentration recorded for each test. Power output at TLac (SRM,, @TLac) S vheart e
+ at TLac (HR@TLaC) for LT, Was higher (P<0.05) when compared with LT,,, and Lle. |
There was no drfference between tests (P 0. 13) for pedal cadence (Rcv@TLac)

9 5 2 4 ABSOLUTE VALUES AT OBLA FOR COMBlNED GROUP

; Mean values (n=12) for power output (W), HR (b'min l) and Oxygen uptake (L min’ )
determined at OBLA for the three LT tests are shown in Table 35. Values for power at
OBLA (SRM,@OBLA) were higher (P<0.05) for the LT, and LT,, tests when
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compared with LT;,, and heart rate at OBLA (HR@OBLA) was higher (P<0.05) for LT,,,,
than LT, and LT, Oxygen uptake (VO,@OBLA) was higher (P<0.05) for LT, than
LT,.., and LT,. and VO,@OBLA for LT,,,, was higher than LT;,.. There was no difference
between tests (P = 0.13) for pedal cadence (Rev@OBLA).

Table 35. Mean t SD values for power output (W), heart rate (b-min™), oxygen uptake
(L'min") and pedal cadence (rev'min™') at OBLA (n=12) :

LT""‘P ' . L Tmc LTdil

MeantSD | Range Mean+SD | Range | Mean+SD Range

SRM,@OBLA |283+40%  [225-354 [274+37  [219-348 (285142 339-351

HR@OBLA | 156113*# |[135-179 152% 13 134172 | 151214 VN
VO,@OBLA = [3.85+062* |[2.80-480 |373+055 |2.80-4.633.94+0.55%$ |3.20-4.90
Rev@OBLA = [ 95+6 83-105 [ 96+7 86-111 | 93+8 81-104

denotes signiﬁcantlyhhigher than LTijpc (P<0.05)
# denotes significantly higher than LTgjs (P<0.05) ~ -
. $ denotes signiﬁcantly higher than LT,,mp (P<0,05)

9.5.2.5 RELATIVE VALUES AT TLAC FOR COMBINED GROUP

Mean values (n = 12) for power output (%SRMy,.,,), heart rate (%HRW,‘) and oxygen
uptake (%VOZP“,‘) at TLac for the three LT tests are shown in Table 36. There was no
difference (P>0.05) in %V O, calculated for each test. Power at TLac (%SRMy,,,) and

heart rate at TLac (%HR_,,,) were higher (P<0.05) for LT,,,, when compared with LT, and
LT,, was higher (P<0.05) for LT, when compared with LT, but not LT,,.

Table 36. Mean t SD values for power output (A»SRMWP”R) heart rate (%HR,,,,,‘) oxygen
uptake (%VOzpuk) at TLac (n=12)

LT " —o oo o | LT 1. T,

Mean + SD Range Mean £ SD Range - Mean £ SD | Range

%SRMy,..@TLac | 57.5 +43* |50.0-63.4 531152 |48.4-664 [532+4.5 36.6.618

VR @TLac | 749t50% |64.1-830| 70845 [624-778 [705£33 | 665790

%V Opea@TLac 629+7.6* 51.6-73.3 | 58.3£5.8 47.4-65.8 | 59.7+5.8 47.8-69.1

denotes significantly higher than LT;, (P<0.05)
4 denotes significantly higher than LT, (P<0.05)
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9.5.2.6 RELATIVE VALUES AT OBLA FOR COMBINED GROUP

Mean values (n = 12) for power output (%SRMy,.,), heart rate (%HR,,,) and oxygen
uptake (%VO,.) at OBLA for the three LT tests are shown in Table 37. Power
(%SRMyy,.q) Was higher (P<0.05) for LTy, and LT, when compared with LT, however
%SRMypeq for LT, and LT, were similar (P>0.05). Heart rate (%HR,,,) was higher
(P<0.05) for LT, when compared with LT;, and LT, Oxygen uptake (%Vo,p,,k) was
higher (P<0.05) for LT, and LT, when compared with LT;,. and %HR,,, for LT(,,, was
higher (P<0.05) than LT,

'Table 37. Mean % SD values for power output (%ka), heart rate (%Hank)» oxygen
uptake (%VOzpeBk) at OBLA (n=12)

LTramp LTine LTgis

Mean + SD Range Meant SD | Range Mean £ SD Range

VSRMwpeak@OBLA | 127£6.1% | 653829 [ 704260 | 598819 | 73.1249* 64.3-80.3

%HRpeak @OBLA 86.314.6%# 79.4-98.1 | 846+3.9 | 78.8-93.6 | 83.5+4.0 753934

%vo2peak @OBLA - | 81.5+94" 66.0-99.0 | 79.0+8.5 65.8-96.7 | 83.5+86*$ .| 65.2-100.0 -

denotes significantly higher than LTjn¢ (P<0.05)
- # denotes significantly higher than LTgjs (P<0.05)
$ denotes significantly higher than LTramp (P<0.05) =

Table 38. P values calculated for relative comparisons between age groups (seniors Vs

veterans), within the three tests (LT, LT, LTy,) and the interaction between age and

tests
Test Interaction

VeSRMypa@TLac | 0009 * — o5
HR, @1 Lac 0.005 * 039
TNOna@Tlac 003 * 1T
7iSRMy,o@OBLA | 003 * RE]
ZARL@OBLA  |0002 * . |06
VO.@OBLA | 00001 * |02l

denotes significant dxfference w1th1n tests (P<0 0s5)
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9.5.2.7 . ABSOLUTE VALUES AT TLAC FOR SENIORS AND VETERANS

Mean values of senior (n = 6) and veterans (n = 6) for power output (W), HR (b'min™),
‘ oxygen uptake (L m1n I) and blood lactate concentratlon (mmol L l) at TLac for the three
LT tests are shown in Table 39. There was no mteractxon between age and tests for power,

heart rate, oxygen uptake, blood lactate concentratlon and pedal cadence (see Table 38)

Table 39. Mean + SD values for power output (W), heart rate (b-min"), oxygen uptakc
(L-min™"), blood lactate concentration (mmol-L") and pedal cadence (rev-min™) at TLac for

“seniors (n = 6) and veterans (n = 6)

LTmnp LTinc I = LT‘“' B

Mean + SD | Range Mean+SD | Range - | Mean+ SD - | Range -

SRM,@ILac | sens |245+17 - | 217-260 |226+20 - - |204-252 [223+11 - | 209-235

vets | 203+22 | 174-226 |187£26 | 168-239 18915 | 174-214
HR@TLac sens | 145+7 - | 136-152 }139+7 | 129-151 | 1366 130-146
vets [126£11 [ 109142 | 117¢9  [106-130 1188 | 110-131

VO,@TLac sens | 3.21£0.44 |275-3.91[3.09+£034 [2.783.54]298030 |[2.57-3.31

vets [272+036 |2.11-3.20 1 2434031 |1.94-290 263023 |2.31-2.98

BLa@ILac |sens |156+0.50 |102-2331149+032 |100-1.79 11355026 | 101-1.76

vets 176 +0.63 | 1.21-2.85 | 1.56 +0.47 [0.90-23 |1.81+042 |[1.11-2.42

Rev@TLac sens {996 92-105 94+7 86-105 9417 88105

vets | 89+t6 79-94 8716 79-96 88+4 81-92

'9.5.2.8 ABSOLUTE VALUES AT OBLA FOR SENIORS AND VETERANS

Mean values of senior (n = 6) and veterans (n = 6) for power output (W), HR (b'min™) and
f oxygen uptake (L mln 9] at OBLA for the three LT tests are shown in Table 40. There was
no interaction between age and tests for power, heart rate, oxygen uptake b]ood lactate

| concentration and pedal cadence(see Table 38)

9.5.2.9 RELATIVE VALUES AT TLAC FQR SENIORS Ann vnTERANs , ) ;

 Mean values of senior (n = 6) and veterans (n = 6)‘for power output &%SRMW,@), heart
rate (%HR ;) and oxygen uptake (%VO,pe) at TLac for the three LT tests are shown in
Table 41. There was no interaction between age and tests for %SRMy,.,., %HR,, and

%V O350 (s6€ Table 38).
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Table 40. Mean * SD values for power output (W), heart rate (b-min™), oxygen uptake

(L'min™) and pedal cadence (rev-min™) at OBLA for seniors (n = 6) and veterans (n = 6)

LTy LT, LT,
Mean+ SD | Range Mean+SD | Range Meant SD | Range
SRM,@OBLA | sens | 312 30 275-354 | 297+ 35_ 253-348 | 317132 272-351
| Veis 254224 | 225283 | 251221 | 219082 | 2320 | 289379
HR@OBLA sens | 166 £ 7 160-179 163 +7 155-172 | 1627 155-171
vets | 145£6 - . 135-154 [ 142+8 134-155 | 1406 128-151
VO,@OBLA sens | 4.25+0.54 |3.55-4.80 | 4094044 |3.54-4.63 | 42810.52 3.51-4.90
vets | 3451042 |2.80-3.85 (3371041 2.80-3.80 3.59+031 | 3.20-3.89
Rev@OBLA | sens [ 98+ 4 93-105 19947 93-111 | 95+8 81-104
vets [ 93+8 83-102 92+5 86-98 917 81-100

9. 5 2. 10 RELATlVE VALUES AT OBLA FOR SENIORS AND VETERANS

Mean values of semor (n= 6) and veterans (n = 6) for power output (%SRMWP,,R), heart

rate (%HRP,,,J() and oxygen uptake (%VOZMk) at OBLA for the three LT tests are shown in
Table 42. There was no interaction between age and tests for %SRwae.k, %HR,, and

%Voz@ (see Table 38). .

Table 41. Mean * SD values for power output (%SRMy,), heart rate (%HR_,,,), oxygen

uptake (%VO,,.,,) at TLac for seniors (n = 6) and veterans (n = 6)

LTy LT, LT,
_ Mean £ SD | Range Meant SD | Range Mean+ SD | Range

%SRMwpeak@TLac | sens | 55.4£23 . | 52.5-584 | 512224 | 484-556 | 506£3.2 |466-55.6
vets [ 59.6+49 [ 500634 |550+6.7 [492-664 [s557£42 | 50.0-618
%HRpeak@TLac sens | 74.413.0 71.2-784 171.5£3.5 67.5-778 | 69.9+1.9 67.7-72.3
' vets | 754+6.8 64.1-83.0 | 70.2+5.6 62.4-74.8 | 71.1+4.5 56.5-69.2
%VO2peak@TLac sens | 60.7£7.2 | 54.3-72.7 | 585+54 |524-658 [s564153 | 47.8-61.5
: vets | 65.1+£7.8 . | 51.6-73.3 | 58.1+6.7 47.4-658 | 63.0+£4.6 66.5-79.0
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Table 42. Mean + SD values for power output (%SRMy,.,,), heart rate (oHR ,,,), oxygen
uptake (%VO,,.,,) at OBLA for seniors (n = 6) and veterans (n = 6)

LTramp LTinc - LTdis

Mean £ SD | Range Mean £ SD | Range Mean £ SD | Range

%SRwaeak@OBLA sens | 7041 3.9 65.3-74.2 | 67.1£4.5 59.8-719 | 71.7%43 643775

vets | 749+75 | 66.4-829 | 737157 |67.6-81.9 [745+54 | 67.8-80.3

%HRpeak@OBLA sens | 854+ 1.8 83.8-88.6 | 84.0+23 81.2-86.6 | 832222 80.7.86.1

vets | 87.0+6.4 | 794-98.1 [ 85152 | 788936 |838+5s [ 753924

%VO2peak@OBLA sens | 80.4+9.1 66.0-88.9 | 77.4+7.2 65.8-84.8 | 81.0+9.0 65.2-89.7

vets | 82.6+10.3 | 68.5-99.0 | 80.7+10.0 | 68.5-96.7 | 86.1+8.1 | 78.2-100

9.6 DISCUSSION

9.6.1 PART1

Although veterans raced and trained as often as younger cyclists, seniors did tend to
maintain a hrgher relative exercise 1ntens1ty during training, however differences between
groups did not reach the level of srgmﬁcance due to the large mter—mdlwdual variation in
training reglmen There is no pubhshed information available concemmg age- -related

differences in training between senior and veteran racmg cyclists.

9.6. 2 PART 2

Exercrse 1ntens1ty associated with a blood lactate threshold has been used by numerous
investigators to predict the performance ability of endurance cyclists (for review see Coyle,
1995). Notably only one study has compared blood lactate derived assessments in senior
and veteran cyclists (Massé-Biron et al., 1992). In the present Study %SRMy,. at TLac
determined for the eix seniors was lower than the value calculated by Maassen and Busse
(1989) (53 vs 63% respectively) and %HR,, at TLac for the seniors was higher than the
value reported by Yoshida (1984) for elght healthy male students (72 vs 58% respectwely)
Although Iredale and Nimmo (1997) calculated that TLac occurred at 70% VOZM
untramed subjects, in the present investigation TLac occurred at about 59% VOzpellk in the
seniors. This was markedly higher than values reported by Massé-Biron et al (1992),
Yoshida (1984) and Yoshlda et al. (1987) for senior aged non cyclxsts (49 36 and 40%,

respectlvely)
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Mean %VO,,, at TLac in the six veteran cyclists was higher in the present study when
compared with the mean value calculated by Massé-Biron et al. (1992) (62 vs 56%,
respectively) and lower than the value reported by Iredale and Nimmo (1997) for untrained
older men (62 vs 83%, respectively). In the present study, mean values for the seniors
%SRMypear %oHR ., and %VO,pe at OBLA for the three methods of testing (see Table
32) were very similar to values reported by Yoshida (1984) for %W,,, %HR,,, and
%V O,mex (70 Vs 72%, 84 vs 84% and 80 vs 78%, respectively). Interestingly the testing
protocol used by Yoshida and co-authors was a 25 W, 1 min incremental test with arterial
blood sampled at 1 min intervals. Therefore 1 min samples may have afforded a more
accurate determination of absolute values at threshold. Unfortunately no other study has
assessed absolute and relative values for power at TLac and power, HR and VO, at OBLA

in veteran cyclists.

Relative values calculated for power, HR and VO, at threshold were dependent on the
validity and reproducibility of the method used to assess peak and threshold values, -
Although methodological problems associated with subject selection are frequently
encountered when using cross sectional methods of analysis, there appears to be no

longitudinal data available concerning the effect of age on changes in blood lactate derived

thresholds.

9.6.2.1 EFFECT OF AGE oN THRESHOLDS DURING LT,,AM,, LTlNc AND LTD,, TESTS

Absolute values for power HR and VOz at TLac and OBLA were hxgher in the seniors,
Thrs ‘ﬁnd‘mg is not surprising considering the age-related declmes in power, HR and VO,
reported in study three of the present thesis. No difference was found between seniors and
veterans for blood lactate concentration at TLac, this ﬁnding contradicts data reported by
Massé- Bll’Ol‘l et al (1992) who found that lactate concentratron at threshold was
| s1gmﬁcantly lower in veteran cychsts The ﬁndmg that BLa at TLac was not mﬂuenced by
the age of the subject concurs with data presented in study three of this thesxs whlch
revealed no age—related cross-sectional decline in blood lactate concentration at TLacina
heterogeneous group of 38 cyclists. Factors such as habitual physrcal act1v1ty/tra1mng
status and absolute age (Iredale and Nlmmo, 1997) appear to have a direct mﬂuence on

blood lactate concentration recorded durmg progressive exercise tests, however few studles
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have investigated these factors in veteran cyclists (Massé-Biron et al., 1992). All of the
participants in the present study were competitive endurance cyclisté and therefore levels
_ of habitual physical activity were relatively high. It is difficult to assess whether age-
related declines in lactacidaemia are due to external factors such as reduced physical
activity or part of the ageing process per se. Unfortunétely, no study has investigated the

longitudinal relationship between age and blood lactate concentration at TLac in

competitive cyclists. -

When mean values for power, HR and VO, at TLac and OBLA were expressed as relative
values (%W e, YoHR s and %VOZP“k) no differences were found between senior and
veterans except for %W, at TLac. This finding agrees with Massé-Biron et al. (1992)
who calculated that relative values for power at threshold were hi gher in veterans. Previous
studies (Allen et al., 1985; Iredale and Nimmo, 1997) have also recorded higher values for
%HR,,, and %VO,,.., at TLac in veteran runners and elderly subjects respectively, in the

present study there was no difference between age groups for %HR,,, and %VO;,,,,R at
TLac. L ' o

Relative values for power, HR and VO, calculated for seniors and veterans are d‘ependent
on peak values achieved during the Kingcycle PAC test. Values for %W, HR,,, and
%V Ojpeq at threshold in veteran groups may reflect the decline in peak values and not an
age-related increase in relative exercise intensity at threshold. The validity of cross
sectional research is strongly dependent on subject selection and therefore values reported
" in other investigations (Allen et al., 1985; Iredale and Nimmo, 1997; Massé-Biron ef al.,
1992) may be repre'sentative‘ of the group specific decline in peak values and not age-
related differences in threshold exercise intensity. This would explain the finding o’f Iredale
and Nimmo (1997) that %VO,,,, at TLac in a group of untrained elderly men was
considerably higher than values reported for older trained athletes (Massé-Biron et .,
1997). Cross sectional studies by Coggan et al. (1992) and Proctor ef al. (1995) have found
" that oxidative enzyme capacity was higher in’ veteran athletes when compared with
untrained age matched individuals and Proctor et al. (1995) found that veteran athletes had
a significantly higher peréentage of type I muscle fibres when compared with age matched

untrained subjects. Muscle respiratory capacity and fibre type are strongly related to
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absolute and relative oxygen uptake at threshold (Ivy et al., 1980) therefore the relatively
high %VO,,,,, at TLac reported by Iredale and Nimmo (1997) may have been an artefact of

an augmented decline in VO,

Ribeiro et al. (1986) commented that a faster loading rate during an incremental exercise’
test would result in a higher power at threshold due to the time dependent efflux of lactate
" from muscle to blood. In the present study there was no difference in ramp rate between
age groups however relative loading rate (expressed as %W,,) was faster in the veteran
group and a faster loading rate did cdrrespond with a higher relative power at TLac in the
veteran group. Further investigation is warranted concerning the interactive effect of

loading rate and age on power at threshold.

Data presented in study three of this thesis revealed that cross sectional age-related declines
in power and HR at TLac were not sighiﬁcantly different fo the declines in SRMy,. and
HR,,.,.. Mean relative value for power at OBLA did tend to occur at a higher percentage of
SRMypes In the veterans however this difference did not reach the level of significance.
Data presented in study three revealed a large range of inter-individual variation in
SRMyypears POWET at TLac and OBLA in a hetgrogeneous group of cyclists (n = 38). This
factor should be considered when subjects are selected to participate in cross sectional
research. In the present study six senior and six veteran cyclists were matched on frequency
and intensity of training but not level of performance. In the cross sectional study of
Massé Biron et al. (1992) seven veteran cyclists and seven young physncal education
students were not matched on level of training and/or level of performance. In the study by
Massé-Biron et al. (1992) %V O, at TLac was significantly higher in the veterans group

when compared with senior aged cyclists (56 vs 46%, respectively).

Massé-Biron et al. (1992) reported a cross sectional age-related decline in lactacidaemia
and suggested that a decrease in lactate production could explain this finding. Age-related
differences in blood lactate kinetics have been reported on several occasions (Allén et aI.,’k
1985; Belman and Gaesser, 1991; Iredale and Nimmo, 1997; Massé-Biron et al., 1992;
Tzankoff and Norris, 1979). The present study found that power at TLac occurred at a

higher %W,y in veteran cyclists. Age-related declines in lactate production have been
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attributed to a decline in B-adrenergic receptor sensitivity and epinephrine sensitivity (Fleg
et al., 1985) and declines in these variables would relate to a decreased muscle glycogen
breakdown and lower blood lactate concentration during exercise (Crowley et al., 1996).
Alterations in the size and number of type II relative to type I muscle fibres have also been
recorded in elderly populations (Proctor et al., 1995) and veteran performers (Coggan et
al., 1992). A proportional increase in type I oxidative fibres with a decrease in type II
glycolytic fibres with age would be associated with lower levels of blood lactate during

exercise and a higher relative TLac (Ivy et al., 1980).

Lactate threshold is related to muscle oxidative capacity (Rusko et al. 1980) and the
percentage of type I muscle fibres (Coyle et al., 1988; Ivy et al., 1980). These variables
were not assessed in the present study, however higher values for oxidative enzyme
activity and lbWéf vaiuéé for lactafc dehydrogehase have been récorded in veteran xa'thletes
(Coggan et al., 1990); The attainment of a high relative value for.poWer at threshold can be
attributed to training induced increases in oxidative capaci’ty (Holloszy et al., 1984).
Veteran cyclists who participated in the present study were regularly compéting in cycling
time trial races and maintained high levels of training before and during the testing period
therefore higher levels of oxidative enzyme activity and lower values for lactate

dehydrogenase may have been present in this group.

Massé-Biron et al. (1992) found that low trained veteran performers were unable to attain
an exercise intensity which corresponded with OBLA. In the present study veteran cyclists
were able to attain OBLA dufing each method of testing. One explanétion for this concerns
the age of the subject and that veterans tested by Massé-Biron et al. (1992) were older than
the cyclists in the present study (mean age 65 vs 58 year, respectively). Research has
hi‘ghlighted an accelerated reduction in muscle fibre number and area beyond the age of 60-
65 yr (Lexell et al., 1988) and several authors have found strong relationShips between
muscle structure and function and the occurrence of a blood lactate threshold (Coylé etal.,
1988; Ivy et al., 1980). Therefore age-related changes in these factors could explain the
difference between studies. Another epranation for the decline in lactacidaemia recorded
by Massé-Biron et al. (1992) concerned the ‘method used to assess blood lactate

concentration. Massé-Biron and co-authors assessed blood lactate using venous whole
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blood samples (antecubital vein) and in the present study fingertip arterialised whole blood
samples were analysed. El-Sayed et al. (1993a; 1993b) and Flohr et al. (1996) found that
venous whole blood lactate (antecubital vein) during progressive incremental exercise was
significantly lower than capillary whole blood (fingertip) and the difference between values
increased in proportion to work intensity. Furthermore Yeh ez al. (1983) calculated that the
rise in venous blood lactate lagged behind the rise in arterial lactate by 1.5 mins. It is likely
that veteran cyclists in the study of Massé-Biron et al. (1992) were unable to attain OBLA
workload due to the assessment of BLa using venous samples. Investigators need to be
aware that fixed blood lactate thresholds (Allen et al., 1985; Massé-Biron et al., 1992) are
dependent on both the testing protocol used to identify threshold and the method of

analysis used to measure blood lactate concentration.

9 6.2.2 EFFECT OF PROTOCOL ON THRESHOLDS DURING LTW,,, LT\ AND LT,,ls TESTS

Values for power, HR and VO, at TLac and OBLA were affected by the method of testmg
This finding is in agreement with several mvestlgatlons (Hughson and Green, 1982;
MacFarlane et al., 1983; Ribeiro et al., 1986; Smith et all, 1997; Watts etkaI., 1998; Whlpp
et al., 1974; Yoshida, 1984) which found similar values determined at threshold were also
test dependent. Absolute values for power, HR and VO, at TLac were signiﬁcantly higher
during the ramp test, however no difference wasi found between incremental and
discontinuens tests. This finding has important implications when selecting an appropriate

test to determine TLac intensity.

The effect of 1 and 4 min blood sampling rates on the determination ef thxeshold was net
asscssedv in the present study, howeyer precision of measurement is an important
consideration when assessing performance variables (Hopkins et 41 1999). Steckhansen et
al. (1997) calculated that an mcrement of 30 W between stages requlred an exercise
duration of at least 4 min for blood lactate concentratlon to achieve a quasi-steady state, In
the present study, work load increased by 24 W per 4 min. During the ramp protocol, blood
lactate concentration did not attain a quasi-steady state and therefore power associated with
e sudden ﬂincrease in blood lactate (TLac) or fixed concentration (OBLA) may have been
overestlmated dunng this method of testmg Weltman et al. (1990) found that values for

VO, at TLac during incremental and discontinuous tests were similar, this finding agrees
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with data in the present investigation. However Weltman et al. (1990) did not compare
ramp, incremental and discontinuous protocols. In the present study there was no
difference between ramp and discontinuous tests for \'/O2 at OBLA however there was a
difference between incremental and discontinuous tests. It is not surprising that oxygen
uptake recorded during the 'steady-state' incremental test was lower than ramp and
discontinuous protocols due to the continuously increasing workload of the ramp and extra
work required to attain the designated power of each increment following the rest period

during the discontinuous test. -

Endurance athletes use heart rate response to monitor racing/training intensity (l eukendrup
and van Diemen, 1998; Lambert et al., 1998) and set levels of trammg (Westell 1990). If
lactate derlved thresholds are used to prescribe training intensity in competmve cychsts
investigators need to be aware that a ramp testing protocol can affect heart rate at TLac.
Notably, %HR,.,; at TLac and OBLA dnring the ramp test Were higher’ than values for
incremental and discontinuous tests but there nwas no difference between incremental and

discontinuous tests.

Studies which have investigated the effect of testing protocol on blood lactate derived
thresholds have typically used a fixed pedal cadence (rev'min™) throughout the test
(Ribeiro et al., 1986; Smith et al., 1997, Yoshida, 1984). In the present study subjects self-
selected pedal cadence during each test and a significant difference was found between age
groups for mean overall pedal cadence for the three methods of testing however there was
no difference in pedal rate across testmg protocols Atkinson and Lloyd (1998) found that
during laboratory based tests spontaneously chosen pedal cadence was lower in veteran
cyclists when compared with seniors and suggested that the difference may have involved a
'selective age-dependent change in muscle fibre types (p. 36) however furthcr research is

warranted to estabhsh whether there is a phys1olog1cal ratlonale for thlS fmdmg

There is no 1nformat10n available concermng the effect of age on spontaneously Chosen
pedal rates during exercise tests. In the present study, mean age-related difference in pedal
cadence at TLac was 8 rev:min”, Buchanan and Weltman (1985) found no difference for

power at TLac and OBLA when subjects maintained peda] rates of 90 and 120 rev-min”
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but power at threshold was lower when 120 rev-min" was compared with 60 rev'min™, In
the study by Hughes et al. (1982) power at TLac was significantly higher with a faster
pedal rate however the difference in pedal rates was 40 rev-min™. In comparison to these
studies mean difference in pedal rate recorded in the present study was considerably less (8
rev-min™) therefore the effect of this small difference in pedal cadence was probably
minimal. No difference was found between groups for pedal cadence at OBLA, although
higher values were recorded in the seniors (P = 0.15). Mean pedal rates across TLac and
OBLA parameters were similar in the seniors, however an increase was observed from
TLac to OBLA in the veterans. Therefore spontaneously chosen pedal rate appeared to be

influenced by intensity of exercise in the older cyclists but not the seniors.

9.6.2.3 INTERACTION OF AGE & PROTOCOL ON THRESHOLDS DURING LT,,,,, LT, &

LT, TESTS

Dis
No other study has investigated the interaction between age and test when using blood
lactate derived assessments of TLac and OBLA. No interactive difference was found
between ége and test for power, HR, VO, and pedal cadence at TLac and OBLA
thresholds. This finding indicated that differences between testing protocols were
independent of the age of the rider. Consequently comparisons across tests could be
completed using the combined group of cyclists. However the finding that power output at
TLac differed between age groups has important implications for the prescription of

competitive and training exercise intensity using fixed percentages of W

| 9.7 SUMMARY

This study investigated the effect of age and testing protocol on blood lactate derived
thresholds. Although absolute values for power, HR and VO, at thresholds were higher in
seniors there was no difference between age groups for blood lactate at TLac. Pedal
cadence was similar between age groups at OBLA but not at TLac. Relative values for
%SRMypess YoHR o and %V Oy Were similar between groups except for %SRMy,.,, at
TLac. Consequently, age of the rider may need to be considered when evaluating variables
associated with TLac. Testing protocol affected power, HR and oxygen uptake at threshold
exercise intensity but not blood lactate concentration and pedal cadence. There was no

interactive difference between age and test, therefore the affects of testing method were
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independent of age. These findings have important implications when selecting an
appropriate blood lactate derived threshold and testing method for the assessment of

cycling performance in senior and veteran cyclists.
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CHAPTER 10
10 THE EFFECT OF AGE ON LABORATORY AND FIELD BASED
CYCLING PERFORMANCE

10.1 INTRODUCTION

There is very little information available concerning blood lactate, cardio-respiratory and
performance related responses of veteran athletes during laboratory and field based
endurance performance trials and no study has assessed performance related responses of
veteran cyclists. Laboratory based assessments of power, oxygen uptake, heart rate and
blood lactate response are frequently used to assess and predict cycling endurance
performance capacity and ability. However due to technical difficulties inherent in
collecting data in the field there is very little information available concerning

physiological responses of _cyclists during real competition.

With the development of new technology it is now p0seib]:e to record power output and
blood lactate data in the field. vThere is no information available 'conceming the blood
lactate response of veterans during actual field based cycling trials, however several studies
have assessed the blood lactate response of senior cyclists during laboratory (El-Sayed et
al.,’ 1997; McNaughton et al., 1999; Neary et al., 1999; Potteiger et al., 1995) and field
based (Hoogeveen, and Schep, 1997; Nichols et al., 1997) competitive performancc To
my  knowledge, only one study has consrdered the effect of age on blood lactate response
during prolonged hlgh mtens1ty exercise (Overend et al. 1992) therefore more mformatron

is required concerning the effects of age on blood lactate responsc durmg actual or

simulated cycling competition.

10.2 AIM OF STUDY 3

To provide a clearer understanding of the determinants of laboratory and field based

cycling performance and the applicability of a laboratory based simulated time trial to a

| real world setting.
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10.3 OBJECTIVE

To compare blood lactate and performance related responses of senior and veteran cyclists

during a laboratory and field based 16.1-km time trial.

10.4 METHODS

For each test subjects used their own racing bicycle (fitted with SRM). During laboratory

tests the bicycle was attached to a Kingcycle air braked ergometer (EDS Portaprompt Ltd,

High Wycombe UK). Laboratory tests were conducted at the same time of day and

envrronmental conditions were mamtamed dunng testing (ambient temperature 18 22'C,
‘ relative humldlty 45- 55%) Durlng tests gear ratio and pedal cadence (rev min ') were self

selected Throughout each test, power output (W) was averaged at 1-s intervals by either a

4 or 20 straln gauge SRM (pedahng torque 1nduct1vely transmitted at 500 kHz)

10.4.1 SUBJECTS

Subjects who participated in this part of the study were selected using information obtained
from a pre-test training questionnaire as described in 9.5.1. Senior and veteran cyclists
were matched on frequency and intensity of training, but not performance. Seven senior
(28 £ 3 yr) and seven veteran (58 % 4 yr) well trained male cyclists completed 3 tests; i) a
maximum aerobic power ramp test (PAC), ii) a laboratory based 16.1-km time trial (LTT)
and iii), a field based 16.1-km time trial (FTT). :

~Before testing, static and dyn‘amio lung kvolurnes and capacities (See.Table 43) were
assessed for each subject. Vital capacity (VC), forced vital capacity (FVC), and maximum
 yoluntary ventilation (MVV) were measured using an electronic spirometer (Vitalograph
compact, Buckingham, England) and peak expiratory flow (PEF) was recorded using a

peak flow meter (Wright, UK). All measurements were taken with the subject standing in

an upright position.

, Durlng the time trial, 2 sub_]ects competed against each other and were rcquired to comp]ete
the 16. 1-km distance as fast as possxble Durmg PAC and LTT tests power was recorded at
1-s intervals using either ad or 20 strain gauge power meter (SRM), heart rate was

determined every 5-s (Polar) and respiratory gases were measured every 1 min (Covox).
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Fingertip capillary blood samples were taken at 2.5 min intervals during LTT to ’assess
blood lactate concentration (Biosen 5030L, Magdeburg, Germany). During each test,
power output and pedal cadence were recorded continuously. On completion of LTT and -
'FTT, a fingertip Capillary blood sample was collected for 5 min at 1 min ‘intervals‘for the
analysis of blood lactate concentration (Biosen 5030L, Magdeburg, Gennany). Percentage

body fat (%BF) and fat free mass (kg) were assessed using the methods previously

outlined. R

10.4.2 STATISTICAL ANALYSES
Level of s1gn1ﬁcance was set at P<0.05 and post hoc compansons were completed usmg
Tukey HSD tests Stat1st1cal analyses were completed using Microsoft Excel (Bellevue,
WA), Minitab’ (State College, PA) and Statlstxca Mac 5.1 (Statsoﬁ Inc) Values in the text
| for standard error of estimate (SEE) are for the 95% conﬁdence mterval and the mean (+
: sD) unless otherw1se stated. Compansons between age groups were completed usmg
independent t-tests and analysis of variance (ANOVA) with one between subject factor for
~age and repeated measures factors for elthertest and/or time. Values for economy were
- calculated as average power divided by average VO, recorded during the time trial.
10.5/' RESULTS
‘Table 43. Mean ﬂ: SD values for statlc and dynamlc lung volumes and capacmes in senior

(n 6) and veteran (n 6) cychsts L

Seniors = J » i Veterans ,
S AN Mean+SD |Range | Mean+SD | Range ,l
Vital Capacity (L) 16.88+0.68 |6.23-7.83 - 15400698 4.27-6.357
Forced vital capacity (L) |6.88+0.69 | 6.31-7.78 5.37tt0.69$ 4.60-6.44k
FEV,,(L) ~ [512%056 [451-573 139710558 | 3.09-4.81
FEV toFVCratio  [75%6 70-85 T AT
PEF (L'min”) ~ |614t24  [575-640 603163 [520-705
MVV L min’ ) 19744 | 137257 1763:26 138-204

"PEF  -peak expxratory flow
MVV - maximum voluntary ventilation -
: $ denotes sxgmﬁcantly lower than seniors (P<0. 05) o
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Mean values for power, VO ., Ve and HR recorded dunng the indoor 16.1-km time trlal rtde
were hrgher (P<0 05) in the seniors (see Table 44) and mean time to complete the 1ndoor k
tlme tnal was lower (P<O 05) m the seniors (20: 17 + 0:29 vs 23: 00 £ 0: 29 min:s, for
senrors and veterans respectwely) Assessment of statlc and dynamlc lung volumes :
revealed that mean values for VC, FVC and FEV,, were lower (P<0.05) in the veterans.

However there was no difference (P>0.05) between groups when dynamic lung capacities

(FEV, 4, FEV, o-to-FVCratio, PEF, MVV) were compared.

Table 44. Mean * SD for peak variables recorded during a Kingcycle PAC test and

absolute and relative values for average variables measured dunng an 1ndoor 16 1-km txme

trial in seniors and veteran cychsts r

’ Seniors (n=6) Veterans (n = 6)
Wpear (W) 44427 339+26
Wirr (W) 344+20* 256+22
AT 775+ 14 75814.2
VO jpeac (L'min™) 528+0.17* 4111032
VO,rr (L'min™) 4674031 * 3662034
AT 88.4%3.5 89.215.0
Vepen (L'min'STPD) 1592+ 6.7 * 133.0£ 163
Verr (L-min", STPD) - - 136.8 £ 8.6 %" 112.0 £ 20.1
AT 85.7+6.3 84.2+5.1
HR o0 (bmin™) 193£6* 1628
HRm (b-min™) 177t6* 149+ 8
TR ~[or6x1s 922136
Breathing frequency (breath'min™) 568" 45+ 4
RER . 1.09+0.03 1.07 £0.04

denotes significantly higher than veterans (P<0.05)

' Analy51$ of mean %ka at 2 5 mln 1ntervals durmg the 16.1-km ride showed there was no‘ ~
difference (P>0 05) between groups except for the ﬁrst 2.5 min when the semors |
mamtalned a srgmﬁcantly hlgher %W,,cak Absolute values for power, Vo, VB, HR and .
athing frequency were hrgher in the seniors (P<O 05) however there was no dlfference |

bre
| between groups for RER (P = 0.32). Mean values for power, VO,, Ve and HR expressed as
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percentage of Wica, VOapeaks Vipeak and HRpea Were similar between groups (P = 0.39,

0.73, 0.54 and 0.77 respectively). There was no difference (P>0.05) between groups in

mean BLa during the time trial race, however BLa did tend (P = 0.08) to be higher in the

seniors. Although blood lactate increased (P<0.05) in both groups during the time trial,

there was no further change (P>0.05) from 7.5 min of the ride (see Figure 24).
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Figure 24. Mean + SD for blood lactate (mmol-L™") measured at 2.5 min intervals during a

Jaboratory based 16.1-km time trial in senior (n = 6) and veteran (n = 6) cyclists

Table 45. Mean + SD for economy calculated from average power and VO, recorded

during a laboratory based 16.1-km time trial in senior (n = 6) and veteran (n = 6) cyclists

Economy seniors veterans P (95% CI)
[W-VO,(L'min™)] 73194326 | 70.08+2.76 | 0.02(0.6-5.6)
[W-VO,(mLkg " min”] 5.51£0.20 5.39 +0.50 0.66 (-0.5-0.8)
[w.voz(mL-kg*’-“-min")] 13.23 +0.40 12.85 +0.90 0.41 (-0.7-1.5)
[W-VO,(mL-kgFFM " :min")] 4.86+0.23 4.27+0.30 0.02 (0.1-1.1)
([W-VO,(mL-kgFFM*“"min") | 12.1740.46 10.99+0.58 [ 0.02(0.3-2.0)

Mean value for economy expressed as [W-VO,(L'min™)] [W-VO,(mL-kgFFM "*min™)] and

[W-VO,(mLkgFFM

-min™") was higher in the seniors (see Table 45) however there was
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no difference between age groups when economy was expressed as [W-VO,(mL-kg":min™']
and [W-VO,(mL-kg**"-min™)].
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Figure 25. Mean + SD for power output (W) measured at 5% intervals during a laboratory
based 16.1-km time trial in semior (n = 7) and veteran (n = 7) cyclists * denotes

significantly higher than veterans (P<0.05)
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Figure 26. Mean + SD for power output (W) measured at 5% intervals during a field based
16.1-km time trial in senior (n = 7) and veteran (n = 7) cyclists. $ denotes significantly

higher than seniors (P<0.05)
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There was no difference (P>0.05) in %W, between seniors and veterans during LTT
(76.5 + 2.3 vs 74.9 + 4.5%, see Figure 25). During FTT, seniors sustained a lower (P<0.01})
%W peak When compared with veterans outdoors (77.7 £ 2.7 vs 82.2  2.7%), (see Figure
26). Seniors maintained a similar (P>0.05) mean %W/, for indoor and outdoor trials,
however, veterans sustained a higher (P<0.01) mean %W ., outdoors. Analysis of %W e
at 5% intervals during each ride identified an interactive difference (P<0.05) in mean

%W peax bEtWEEN AZE groups during outdoor time trials (at interval of 30%, see Figure 26).
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Figure 27. Mean £ SD for heart rate (b-min") measured at 5% intervals during a

laboratory and field based 16.1-km time trial in senior cyclists (n = 7)

Absolute values for heart rate were significantly higher in the seniors indoors and outdoors
(177 £ 9 vs 153 + 13 and 174 + 9 vs 152 + 12 b'min™ respectively), but there was no
difference between seniors and veterans when values were expressed as %HR e, (91 + 4

vs 90 + 6 and 89 * 4 vs 90 £ 4% for indoor and outdoor, respectively) (see Figures 27 and

28).

Comparison between age groups for mean BLa of five blood samples taken at 1 min
intervals (see Table 46) revealed no difference (P>0.05) between seniors and veterans on
completion of the field based time trial ride (10.91 + 1.98 vs 9.57 + 2.53 mmol-L™)
however mean BLa was higher (P<0.01) in the senior group on completion of the

Jaboratory based ride (12.73 £2.90 vs 8.34 £ 2.17 mmol-L™).
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Figure 28. Mean * SD for heart rate (b'min™) measured at 5% intervals during a

laboratory and field based 16.1-km time trial in veteran cyclists (n = 7)

Table 46. Mean blood lactate concentration (mmol-L™") recorded at 1 min intervals post

completion of indoor and outdoor 16.1-km time trials in senior (n = 7) and veteran (n = 7)

cyclists
Time post exercise (min)
1 2 3 4 5
[ sens (L) 13.52+2.80 | 12.88+3.13 | 12.68£3.01 | 12.42+3.03 | 12.14+3.23
sens (F) 11.66+1.86 [11.21+£195 [ 10.86+£2.15 | 10.56 +2.12 | 10.26 +2.08
vets (L) 899+251 |861+£235 (831%£224 |800+2.12 |7.81+2.10
vets (F) 1034 +2.76 [9.88+2.57 [9.54+£2.63 |927+2.69 |881%£2.50

L = laboratory based time trial
F = field based time trial

Mean pedal cadence was higher (P<0.001) in the seniors indoors (101 + 6 vs 88 + 6
reV'min'l) however there was no difference (P>0.05) between groups for mean pedal
cadence outdoors (86 4 vs 84 + 4 revmin” for seniors and veterans respectively), (see
Figures 29 and 30). Mean pedal cadence recorded for the seniors was higher (P<0.001)

indoors compared with outdoors (101 + 6 vs 86 + 4 revmin”, respectively) but there was
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no difference (P>0.05) indoors and outdoors for the veteran group (88 + 6 vs 84 + 4

rev-min’’, respectively).
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Figure 29. Mean * SD for pedal cadence (rev-min") measured at 5% intervals during a

laboratory based 16.1-km time trial in senior (n = 7) and veteran (n = 7) cyclists
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Figure 30. Mean + SD for pedal cadence (rev'min™) measured at 5% intervals during a

field based 16.1-km time trial in senior (n = 7) and veteran (n = 7) cyclists
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10.6 DISCUSSION

Although absolute values for power, VO,,}vand HR were higher rn the seniors there was no
drfference between groups for relative exercise mtensxty (YW peaio AVOZM, and %HRm_k)
during the 1ndoor trme tnal An 1mportant finding was that mean RER recorded durmg the
ride was s1m11ar for seniors and veterans and indicative of the intensity of effort maintained
durmg this type of event Unfortunately no other study has assessed the performance
related responses of semor and veteran cychsts during a laboratory based s1mu1ated cyclmg

time tnal therefore compansons between studies cannot be made.

There is no information availabie concerning the average economy of senior and veteran
riders during an indoor 16.1-km cychng tlme trial. Data reported in the present study
revealed a 51gnrﬁcant dlfference between groups when economy was expressed in absolute
terms, relatlve to fat free mass and fat free mass scaled to the mass exponent k = 0.67,
however there was no drfference when economy was expressed relative to body mass and
body mass scaled to the mass exponent of k£ = 0.67. ThlS finding concurs with prevxous
work which has used W “VO,(L'min ') to compare measures of economy between groups of
cyclrsts (for rev1ew see Coylc, 1995) However this finding also hlghhghts how scaling
procedures can affect the mterpretanon of data and investigators need to be aware of this
effect when compansons are made between groups Very few studies have used scaling
procedures to assess 1nter-1nd1v1dual dlfferences in economy, therefore in order to make

compansons between studles the express1on of economy as W- VOZ(L min"') appears to be

the most apphcable method

The finding in the present study that average economy was higher in the seniors did not
concur with the work of Allen et al. (1985) who found that values for economy were
srmllar ‘between senior and veteran runners who maintained 10-km race pace on a
treadmlll The ﬁndmg in the present study that economy was higher in the seniors is
. mdrcatlve ofa higher relatrve contnbutlon of power output from anaerobic energy sources
and/or the abrhty produce more power without a concomitant increase in oxygen
consumptlon Coyle (1995) proposed that trained cyclists were able to produce more power
for an equlvalent VO, due to a greater recrurtment of muscle fibres and found that elite

; competltors had a hlgher percentage of type I muscle fibres within their vastus lateralis
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muscle. However, it is reasonable to assume that a higher percentage of type I muscle
fibres was present within the veteran group due to the combined effects of ageing and
endurance training on alterations in muscle fibre composition. Further research is required
to investigate the relationship between muscle fibre content and endurance performance

during a 16.1-km cycling time trial race.

Data for static lung volumes revealed a significant age-related reduction in vital capacity
and forced vital capacity however there was no difference between senior and veteran
cyclists for dynamic measures of lung function and capacity. Hagberg et al. (1988) found
no difference in maximum voluntary ventilation (MVV) between veteran runners and age
matched sedentary individuals. However, values for MVV recorded in older subjects were
Jower than values recorded for senior runners and young sedentary subjects. In the present
study no difference was found for MVV in cyclists matched on fraining intensity and
frequency. The effect of training on the age-related decline in dynamic lung capacity is
unclear however Yerg et al. (1985) found that MVV was higher in veteran athletes when
compared with age matched sedentary individuals. In the present study MVV and PEF
recorded in the veteran group were indicative of their training status and provided data to
support the postulate that habitual physical activity can attenuate age-related declines in
dynamic lung function. Hagberg et al. (1988) argued that training attenuated the decline in
VO,,,, more than static and dynamic lung performance. However, in a recent longitudinal
study by Pollock et al. (1997) the authors reported no change in vital capacity in veteran
runners who maintained high and moderate training regimens for twenty years. Further
investigation is warranted to study the relationship between training load (frequency and

intensity) and age related changes in static volumes and dynamic lung function.

Relative ventilation (% V) maintained during the indoor time trial was similar between
groups. However breathing frequency and absolute values for ventilation were significantly
higher in the seniors. During the indoor time trials expired air was analysed for O, and
CO, content using the Covox analysis system, with ventilation measured on inspiration,
Several veteran cyclists commented that inspiration through the Covox system affected
their performance. Although it could be argued that during the indoor time trial both

groups of subjects were required to breathe through the Covox system, Johnson and
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Dempsey (1991) speculated that during prolonged high intensity exercise (when the
veteran athlete is required to sustain high ventilatory responses) the metabolic cost of
breathing may be higher due to the effects of an increase in physiological dead space and
~ an increased stiffness of the chest wall. This could lead to a redistribution of blood away
from locomotor muscles to fulfil the relatively higher demand of O, required by the
respiratory muscles during heavy work, this postulate could explain the lower economy
recorded for the veteran group during the 16.1-km time trial of the present study. The
authors also suggested that this 'steal effect’ would not change VO, but would result in a
lower work rate. This could also explain the lower relative power of the veterans recorded
during the indoor time trial of the present study. The hypothesis of Johnson and Dempsey
(1991) is based on research concerning maximal exercise performance and the effects of
ventilatory response on maximum oxygen uptake and power, unfortunately no study has
applied this theory to prolonged high intensity exercise. Further investigation is warranted
to establish whether inspiration through a gas analysis system would affect the

- performance of veterans more than seniors.

The exercise intensity achieved by both groups of cyclists appears to have been related to
maintaining a ‘steady state’ blood lactate concentration. This finding concurs with the
pattern of blood lactate response reported by McNaughton et al. (1999). In this study blood
lactate concentration was assessed at 10 minute intervals during an indoor 1-h cycling
performance ride and the investigators found that blood lactate increased during the first 20
min of the ride with no further change from 20 to 60 min. In the investigation by Nichols et
al. (1997) no difference was found between blood lactate concentrationk recorded at 6.75-
and 13.50-km during an outdoor 20-km time trial. The authors stated that this finding was
indicative of maintaining a 'steady state' exercise intensity during the event. However
Nichols et al. (1997) did not record power output during the field based time trial. In the
present study there was no change in mean power recorded at 2.5 minute intervals after the

first 2.5 minutes of the indoor time trial. Therefore after this time, senior and veterahs

maintained a relatively constant power output.

The effect of age on blood lactate concentration recorded during indoor cycling endurance

performancc has not been considered. However Overend et al. (1992) assessed blood
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lactate concentration in elderly subjects during 24 minutes of high intensity cycling

exercise. Mean relative exercise intensity (%W ) maintained during the test was higher in
the older group with maximal power determined during a similar protocol to the Kingcycle |
PP test. Mean value for peak whole BLa recorded during the test was higher in the youngei-’

~ group (8.1 vs 6.5 mmol-L"). The authors did not discuss this age-related difference
however other investigators have reported an ‘age’-related decline in lactacidaemia in older
: populations (Massé-Biron et al., 1992; Iredale and Nimmo, 1997; Wiswell et al,, 2000).”
Issues concerning the assessment of blood lactate concentretion have been discussed
previously in this thesis and these rnethodological problems need to be considered when ,
inter-individual comparisons are made within and between studies. In the present study a
large inter-individual variation was found for blood lactate concentration recorded during
the time trial and no difference was found between age groups. Cross sectional age-related
declines in lactacidaemia appear to be influenced by the criteria used for subject selection '

and the method used to measure blood lactate concentration.

The most significant finding of this study was that during a field based time trial veterans
" maintained a higher relative exercise intensity when expressed as a percentage of W, ai(
when compared‘with senior cyclists. No }other study has recorded the power output of
veteran cyclists during indoor and outdoor time trials and therefore this data provides new
information concerning performance related responses of senior and veteran cyclists. One
possible reason for the finding that veterans maintained a higher %W peai OUtdOOTS COncems
the effects of pacing strategy on power recorded dunng the time trial. During the indoor -

time trials both groups of cyclists maintained a relatively constant power output for the ‘

duration of the ride, however power maintained by the veterans outdoors  varied

" considerably with a significant interaction between power and time when compared with
the seniors. Analysis of mean power at 5% intervals throughout the outdoor ride revealed
~ that veterans maintained a higher relative exercise intensity between the 25 and 35% of the

ride which corresponded with an undulation on the time trial course. The veteran riders

“maintained a higher relativeWpeak during the first 5% interval and first half of the raceand

~ uphill sections of the course, however these dlfferences dld not reach the level of

| significance. There is very little information available concermng an optlmal pacing

* strategy for the completion of a 16.1-km time trial. data collected during indoor trials
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suggest that riders adopt relatively even pace when riding on the Kingcycle ergometer
however during outdoor trials variations in environmental conditions such as the
topography of the course, wind direction and speed prevent the rider from maintaining a
similar even paced power output. Investigators need to be aware of these effects on
performance related responses when developing indoor tests to simulate outdoor
performance within a controlled laboratory environment. Furthermore more information is
required concerning the effect of pacing strategy on power maintained during indoor and

outdoor cycling performance rides.

Data collected during the indoor 16.1-km time trial revealed there was no difference
between groups for relative power, oxygen uptake, and heart rate. However data from the
outdoor time trial indicated that the veteran cyclists maintained a higher relative power
without a concomitant change in heart rate. It is reasonable to assume that the higher
relative power of the veterans outdoors was indicative of a higher oxidative capacity (Allen
et al., 1985) and/or a higher contribution of energy via anaerobic sources. With the
“development of a portable gas analysis system it is now possible to measure oxygen uptake
~ and ventilation during field based cycling time trials. Future study could use this analysis
system to compare Seniors and veterans to establish differences in the metabolic cost of
indoor and outdoor cycling performance and investigate the effects of outdoor performance

on the relationship between power:oxygen uptake.

An interesting finding in the present study was that senior riders maintained a significantly
higher relative mean power output during the first 5% interval of the time trial performed
indoors but not outdoors. This finding suggests i) that the seniors were required to produce
more power to overcome the inertial characteristics of the Kingcycle ergometer in order to
attain the self selected power to complete the time trial or ii) the veterans made more effort
outdoors than indoors particularly during the first 5% of the ride. No other study has
~ reported the time trial power of seniors outdoors and the power output of veteran cyclists
indoors and outdoors. However mean relative power output maintained for the duration of
the indoor 16.1-km time trials in the senior group were similar to the value of 77.7%
reported by Wood et al. (1997) and lower than the value of 81.1% calculated by Davisoh et
| al. (1997) for indoor Kingeycle 16.1-km time trials. One possible explanation for the
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difference between studies concerns the training status of the subjects and the mean value
for W,,,, achieved during the Kingcyle PP test. Also confounding effects due to a lack of

subj ect habituation may have influenced the outcomes of these studies.

No other study has reported heart rate values of veteran cyclists recorded during indoor and
outdoor cycling time trials. Although absolute values for average heart rate recorded during
indoor and outdoor time trials were significantly lower in the veteran cyclists, there was no
difference between groups when heart rate values were expressed relative to peak heart rate

recorded during a Kingcycle PAC test.

Selley et al. (1995) found that average heart rate recorded during field based running races
of about 35 min duration was independent of performance time when expressed as a
percentage of maximal heart rate. This finding concurs with data reported in the present
study which showed that seniors and veterans maintained the same %HR,,, irrespective of
performance time recorded for indoor and outdoor cycling time trials. Allen et al. (1985)
found that mean absolute heart rate recorded at 10-km race pace was significantly higher in
seniors when compared with veteran runners. However the authors did not assess whethcr

there was a difference between groups when heart rate was expressed relative to maximal

values.

When %HR,.,, Was compared across groups, analysis of the data revealed that veterans
maintained a similar relative exercise intensity to seniors during indoor and outdoor time
trials. However veterans maintained a higher %W, outdoors and a similar %W,,,, indoors
when compared with seniors. In\}estigators need to be aware of the discrepancy between
seniors and veterans when using heart rate values determined during laboratory based time
trials to prescribe competitive exercise intensity for outdoor time trials. Although the
relationship between mean heart rate and power output in the seniors remained .consistent
for indoor and outdoor events, it is important to note that mean heart rate values for the
veterans did not accurately reflect mean power outpﬁt recorded during the outdoor time
trial. This finding highlights problems associated with using heart rate to assess exercise
intensity during cycling races (Jeukendrup and van Diemen, 1998). Furthermore the

postulate that heart rate response does not accurately reflect exercise intensity in both
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senior and veterans can be clearly seen when the HR:power relationship at 5% intervals for

the indoor time trial is compared with the HR:power relationship for outdoor performance.

Mean relative values for heart rate recorded outdoors in the seniors were lower than values
réported by Dobbins (1996) and Palmer et al. (1994) for outdoor 16.1-km time trials. One
explanation for this difference concerns the assessment of maxirnal/péak heart rate and its
effect on the calculation of a relative value. Cyclists who participated in the present study
were experienced competitive cyclists who had compieted several Kingcycle PAC tests,
therefore it is likely that heart rate recorded in this group represented a more valid

assessment of a peak value.

No other study has recorded blood lactate concentration of veteran cyclists on completion
of an outdoor 16.1-km time trial therefore this data represents new and important
information concerning age-related differences between seniors and veterans. There was no
difference in mean blood lactate concentration found between groups for the outdoor time
trial even though blood lactate concentration was higher in the senior group indoors. One
‘explanation for this concerns the interaction between power maintained indoors by each
group when compared with outdoors. Notably there was no significant difference between
groups for power maintained outdoors during the final 5% period of the time trial, however

“average power recorded for the veteran group did vary indoor and outdoors.

Peak lactacidaemia is lower in elderly populations (Astrand and Rodahl, 1986; Roecker et
al.; 2000), however data presented in the present study suggests that there is no marked
age-related decline in lactacidaemia in endurance athletes matched on training intensity and
- frequency. Care should be taken when cross sectional comparisons are made between age
groups in order to account for differences between subjects which may relate more to
habitual physical activity and lifestyle pattern and not ageing per se. Further longimdinal
study is required to assess whether peak blood lactate concentration declines with age in
veteran cyclists who maintain high levels of physical activity. Unfortunately there is no

information available concerning this issue.
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* Very few studies have recorded peak biood lactate concentration of senior and veteran
cyclists immediately on completion of an indoor cycling time trial however Overend et al.
(1992) recorded a peak venous whole blood lactate concentration of 6.49 mmol-L" on
completion of 24 mins of high intensity exercise (~ 74% W, mm‘) in a group of 13 actwe
elderly subjects with an average age of 70 yr and Nichols et al. ( 1997) recorded a mean
fingertip blood lactate concentration of 5.69 mmol-L"! three minutes after completion of an
outdoor 13.5-km time trial in a group of 13 trained female cyclists with an average age of -

48 yr. These values are markedly lower than the blood lactate concentration recorded in the
veteran cyciists in the present study (10 to 11 mmol-L™') with mean age of 58 yr, however

issues regarding measurement of blood lactate need to be considered when comparisons are

made across investigations.

,There is very littie information available concerning mean pedal bcadence during Iaborarory
and field based cycling time trials. This is unfortunate considering“the number of studies
“which have investigated the effects of pedal cadence on cycling econorrly and efficiency
(Hagberg et al.; 1981; Marsh and Martin, 1993; 1997, Taka1sh1 et al., 1996). Notablyk _
although Hagberg et al., 1981 stated that the self se]ected pedal cadence of cyclists durmg
bunch start road racing was 90 rev-min” there appears to be no direct evidence to show that
cyclists maintain this rate during field based time trialyraces. Duri'ng an indoor 16.1-km
" time trial Loftin and Warren (1994) found that highly trained cy‘clis'ts ruaintained an
- average pedal cadence of 118 rev: min" which was significantly higher than the mean value
of 97 rev:min’ ! maintained by trained cychsts Subjects completed a simulated 16.1-km
time trial using their own racing bicycle attached to a VelodyneTM electromagnetically
braked cycle ergometer. Not surprisingly, mean power was si’gniﬁcantly‘ higher in thek
hlghly tramed group (262 vs 205 W) therefore the hlgher pedal cadence may have been an
artefact of the power output maintained and not dlfferences in trammg status. Marsh and ’~

’ i’MaI‘tln (1997) found that training status 1nﬂuenced preferred pedal cadence and that g

lexpenenced cyclists maintained higher average cadences (between 90 and 100 rev- mln hy

~when compared with non-cyclists when riding at fixed power outputs on a Velodyne.
- ergometer. There is very little data available concerning the effects of ergometer design on :
the relationship between power output and preferred pedal cadence and further study is 1

warranted concerning the possible interaction of training status, power output, and
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ergometer design on preferred pedal cadence during laboratory based cycling time trials.
~ Preferred pedal cadence can be influenced by gradient (Davison et al., 2000b) and in a
review of the literature concerning the relationship between workload and cadence Too
- (1990) explained that; a significant interaction exists between workload and pedal cadence,
“and that the most efficient pedalling rate increases with power, and also a most efficient
cadence exists for each power output. Similarly, Sargeant (1994) discussed the relationship
between force and velocity and used an inverted "U' to identify the optimum cadence/pedal
velocity (revmin') for maximal and sub-maximal workloads. In this review Sargeant
(1994) defined maximal work (W) as peak force recorded during a single all-out effort
measured using an isokinetic cycle ergometer and therefore this definition of maximal
power is in contrast to the term commonly used to describe a sustained maximal effort
recorded during a progressive exercise test to volitional exhaustion (W,,,). Sargeant (1994)
illustrated the interaction between muscle fibre type and optimum cadence and explained
that each type of muscle fibre has an optimum shortening for the production of maximal
force. Notably optimum shortening velocity for type I muscle fibre is markedly lower than
type II fibre. In the present study it is possible that the higher pedal cadence maintained by
the senior group during the indoor time trial was indicative of muscle fibre composition
and a higher relative type II fibre content. Age related changes in muscle fibre composition
have been considered elsewhere in this thesis, however further investigation concerning the
relationship between muscle fibre content and optimum cadence for senior and veteran

cyclists during time trial performance is warranted.

Sargeant (1994) highlighted data concerning the average pedal cadence (~ 104 rev'min™)
maintained by professional cyclists during a 1-h time trial performed on a smooth level
terrain cycle track. Notably the bicycle used during this event was speciﬁcally designed fdr
track cycling and involved a single gear-fixed wheel which did not allow the rider to stop‘
pedalling. No study has investigated the effect of rldmg a track bicycle when compared

with a conventional bicycle on preferred pedal cadence during this type of event, however
it is reasonable to suggest that bicycle design can significantly affect preferred pedal
‘cadence during time trial races. Personal observation of professional ’cyclists who
completed a field based 16.5-km time trial in the Tour de France stage race (2000) found

that cyclists riding conventional bicycles with self selected gear ratio maintained a pedal

219



cadence of between 96 to 102 rev-min™. Notably, the duration of this event was about 20
min and the course consisted of undulating roads. This pedal rate is markedly higher than
the average pedal cadence recorded during the 16.1-km time trial completed by senior and
veteran cyclists who participated in the present study. Explanations for this difference
include the training status of the cyclist and the topography of the time trial course.
Although it is highly likely that professional cyclists in the Tour de France maintained a
signiﬁcantly higher mean time trial power this does not explain why no difference in mean
pedal cadence was found between seniors and veterans who maintained different power
outputs for the outdoor time trial. Based on the assumption that the topography of the
course was relatively similar between the 16.5-km time trial in the Tour de France and the
16.1-km completed in the present study, it is reasonable to suggest that the similar trainiog
status of the senior and veteran cyclists who completed the 16.1-km time trial influenced

the finding that pedal cadence was similar between age groups.

Assuming that the effect of training status was controlled for between groups it is possible
to argue that during the indoor 16.1-km time trial the main contributor to the difference in
pedal cadence was the ergometer used to simulate field based cycling. Notably the
Kingcycle ergometer used in the present study was designed to simulate the inertial
characteristics experienced when riding on level terrain (similar to track cycling using a
convéntional gear ratio bicycle). However it is likely that the relationship between power
and cadence is different when riding outdoors on uneven roads. Investigation is warranted

to ‘elucidate the relationship between power and cadence when using laboratory based

ergometry and field based courses.

Atkinson and Lloyd (1998) studied the effects of age on preferred pedal cadence when
cycling on a Kingcycle ergometer and found a cross sectional age-related decline in
cadence when maintaining a relative work rate (percentage of predicted peak power). The
authors postulated that a selective age-dependent change in muscle fibre types could
explain the age-related difference. In the present study preferred pedal cadence during the

indoor 16.1-km time trial was lower in the veterans and indicative of an age—related
physiological change. However it is 1mportant to note that no difference was found

between seniors and veterans for mean pedal cadence recorded outdoors No study has
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recorded the preferred pedal cadence of veteran cyclists during actual 'real world' outdoor
time trials, therefore data reported in the present study provides novel and useful
information concerning this issue and questions the assumption that laboratory based
performance responses are transferable to the field. During the indoor time trials seniors
and veterans maintained a relatively constant pedal cadence when mean pedal cadence was
calculated at 5% intervals. However mean pedal cadence recorded outdoors varied
considerably. Although the 16.1-km time trial course used for the outdoor time trial was
relatively flat, cyclists were required to negotiate several undulations and turns in order to
complete the course. In contrast to this, the Kingcycle ergometer provided a continuously
smooth surface without interruption. No difference between average power indoors and
outdoors was found in the senior group therefore the higher cadence indoors appeared to be

an artefact of the testing apparatus.

10 7 SUMMARY

Semor and veteran cychsts mamtamed a smllar relative exercise intensity during a
laboratory based 16.1-km cycling time trial. There was no difference between groups for
blood lactate response assessed during the time tnal however mean value for blood lactate
concentratlon was hlgher ®=0. 08) in the seniors. Average economy for the duration of
the time trial was s1gmﬁcantly lower in the veterans but was dependent on the method of
calculation. These findings do not concur with previous work which recorded lower values
for blood lactate concentration in older athletes and a higher relative exercise intensity at
race pace in veteran runners. During a field based 16.1-km time trial veteran cyclists
maintained a higher mean relative exercise intensity when compared with; senior cyclists,
and a laboratory based ride. There was no difference in mean relative heart rate response
across indoor and outdoor rides or between groups for indoor and outdoor rides. Seniors
| maintained a higher mean pedal cadence indoors but not outdoors. However veterans
rhairltairled a similar mean pedal cadence indoors and outdoors. Blood lactate concentration
on completion of the indoor ride was higher for the seniors but there was no difference
between groups for the outdoor trial, These findings highlight important methodological
problems associated with using indoor laboratory based tests to investigate the effect of age

on cycling endurance performance and questioned the validity of indoor tests to evaluate

eycling performance.
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CHAPTER 11

1 PHYSIOLOGICAL CORRELATES TO FIELD BASED 16.1-KM
- CYCLING TIME TRIAL PERFORMANCE | o

11.1 INTRODUCTION

In order to idgntify key factors which are related to cycling endurance performance
numerous studiets have investigated the inter-relationships between selected physiological
variables assessed during laboratory based tests with performance related responses
recorded indoors and outdoors. There is no information available concerning the
relationship between physiological variables recorded during laboratory based tests and

field based performance in senior and veteran cyclists.

In 'ordér to investigaté the félaﬁonshib between physiological variables measured during a
laboratory test with field based cycling performance, several studies have used average
;peed or time to cqmplete field based time trials as the criterion measure (Coyle et al.,
’1991; Hawley and‘NQakes,vl992; Miller and Manfredi, 1987; Palmer et al., 1996),
however, with the development of the SRM power meter, it is now possible to record

power output during field based cycling performance (Jeukendrup and van Diemen, 1998)

'11.2 AIM OF STUDY 6
To gairi a clearer understanding of the physiological correlates of field based cycling

performance.
11.3 OBJECTIVES

11 3 1 PARTl
To assess the vahdlty of selected physxologlcal variables to predict field based 16.1-km

cyclmg time trial performance.

11 3. 2 PART2 ) » ‘
To assess the validity of Wp,,k to predict field based 16.1-km time tnal power and

performance time.
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11.4 METHODS
Subjects who participated in this part of the study were selected using information obtained ‘
from a pre—test trammg questlonnalre (see appendlces) Semor and veteran r1ders were

_ matched on frequency and mtensxty of trammg, but not performance Durmg all tests

power was recorded usmg exther a 4 or 20 strain gauge SRM power meter.

1141 PART1

Six senior and six veteran riders participated in this part of the sthdy. Each subject
completed seven tests i) a Kingcycle PP test ii)da lactate minimum test iii) LT,,,, iv) LT, |
v) LTg wvi) indoor 16.1-km time trial and vii) outdoor 16.1-km time trial, Suhject

characteristics are shown in 'Table 47

Table 47. Mean 1 SD values for subject characteristi‘cs’(n. =}12) o
Age (y1) 43+16 - |
Height (m) = 1.82+£0.06
Body mass (kg) | 76.1+4.9

%BF [162£53

11 4.1, 1 PEAK POWER TEST

: Subj ects completed a ngcycle PPtest as descnbed in 6.4.1.3.

'11 4 1.2 LACTATE MINIMUM TEST
The lactate minimum test consisted of three parts (as descnbed by Davxson etal., 2000b)
Subj ects completed a ngcycle PAC test as described in 7 4.2,

" The PAC test was 1mmed1ate1y fol]owed by a ﬁve min active recovery penod at an’ |

N 1nten51ty of about 75 w. |
- The rest period was 1mmed1ately followed by a progressive ramped test startmg at 60% of

Woen achieved during PA C W“h mtens“)’ increasing by 6 W mm untll subjects reached
volitlonal exhaustion. S | |
11.4.1.3 THRESHOLD TEST USING A RAMPED PROTOCOL (LT )

Subjects completed a LT, test as descrihed in9.4.2.2.
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114.14 THRESHOLD TEST USING A CONTINUOUS INCREMENTAL PROTOCOL (LT,NC)

Subjects completed a LT, test as descnbed in9.4.2.3.

11.4.1.5 THRESHOLD TEST USING A DISCONTINUOUS INCREMENTAL PROTOCOL (LT,

Subjects completed a LTmnp test as described in 9.4.2.4.

11 4 1 6 INDOOR 16. l-KM TIME TRIAL '

' Sub)ects completed an indoor time mal race (L'IT) as descnbed in6. 4 14.

11. 4 1.7 OUTDOOR 16.1-KM TIME TRIAL
Subjects completed an outdoor tlme tr1al race (FTT) Each rider had prev1ous expenence of
racmg on the outdoor 16.1 km tlme tnal course used for the study and was regularly
competmg in a mld-week racmg event. Each race was completed under Road Tlme Tnals
Counc1l regulatlons (R’ITC 1998) Durmg each time trial, each rider started the race at one |
min lntervals and ~30 cychsts raced agamst each other to complete the 16.1-km distance i in
the fastest time. Subjects had feedback concermng heart rate and time but not power

' output Pedal cadence and gear ratlo were self—selected

: 11 4 1 8 DETERMINATION OF THRESHOLD INTENSITY

Ind1v1dua1 values for power output (W) heart rate (b: m1n ') and oxygen uptake (V o,L mm
,') were determmed at des1gnated lactate thresholds Each threshold was 1dent1ﬁed usmg

vlsual 1nspect10n of blood lactate values plotted agamst power output and tlme

"114181 MP
Lactate mlmmum point (LMP) was 1dent1ﬁed as the minimum blood lactate concentratxon

determmed durmg an mcremental test completed after a bout of 1ntense exerc1se whlch

mduced lactic a01d051s (Tegtbur et aI 1993)

11.4.1.8.2 TLac
~ Blood lactate threshold (TLac) ‘was identified as the first abrupt increase m lactate’ |

concentration above the baseline blood lactate level (Farrell et al., 1979).
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" 11.4.1.8.3 OBLA
The point of OBLA was identified as the point at which blood lactate reached a fixed

concentratron of 4 mmol-L* (Jacobs etal., 1981).

11 4. 2 PART 2

Slxteen well trarned male endurance racmg cychsts (seven semors, nine veterans)
’ completed a PP test and a field based 16. l-km t1me trial. Durmg the field based trme trials

envrronmental condmons were varrable due to changes in the weather Wmd speed varied
between ~10-32 km h* however w1nd dll‘CCtlon was relatively consistent and resulted i ina
" tail-wind for the outward bound section of the course. Ambient temperature and barometrlc

pressure vaned between 15-23°C and 745-775 mmHg, respectively.

Tests were separated by at least one week and each subject competed ina separate 16. l—km |
time trial race completed on the same course. Data for the whole group was collected over ’
a period of about 4 months (June to September) All subjects had extensive experience of
- competitive cycling and during the period of the study were regularly participating in local

time trial races. The physical characteristics of the subjects are shown in Table 52

_ 11 4. 3 STATISTICAL ANALYSES

Level of sxgmﬁcance was set at P<O 05 and post hoc compansons were completed usmg ,
Tukey HSD tests. Statrstrcal analyses were completed usmg Mtcrosoft Excel (Bellevue

) WA) Mrmtab (State College PA) and Statlstlca Mac 5 1 (Statsoﬁ Inc) Values in the text

= are mean (+ SD) unless otherwrse stated

By 11.4.3.1"PAR’T1 | |

The'relationship between variables was assessed using linear models. Pearson product
moment correlation coefficient (r) was used to assess the relationship between two
: variables (Atkinson and Nevill, 1998) However these relationships can be influenced bv
R the heterogenerty of the sample (Hopklns, 1997). The strength of prediction was evaluated
: usmg the standard error of estrmate (SEE). F ew studies report this, however SEE with 95 % 1

conﬁdence 1ntervals allows the reader to evaluate the range of error assoclated with usmg a

' predrctor Standard error of estlmate (SEE) was calculated as an absolute value and

; percentage of the predlcted value
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11.4.3.2 PART2

'l‘he relationship between kakand performance during the 16.1-km time trial was assessed
using linear and In-linear models. The In-linear model described a curvilinear relationship |
between variables and assumed a multiplicative error term which controlled for spread in |
the data (heteroscedastieity). Prediction equations based on linear and poWer function
models’ were calculated with a zero intercept, this allowed predicted values to be
extrapolated beyond the actual data points. Confidence intervals for the standard error of

estimate (SEE) were based on a chi-squared distribution (Hopkins, 1997).

11.5 RESULTS

11 5.1 PART 1 -

Mean values (absolute and relatlve) for power, HR and VO, determmed at TLac and
' OBLA thresholds during ramp, incremental and dxscontmuous tests are presented in study

five of the present thesis. Mean values (absolute and relative) for power, HR and VO2

recorded dunng indoor and outdoor time trlals and Weeao HR; and VO2 « assessed
pe

during the PP test are presented in part 1 and 2 of this study

Table 48. Mean + SD for power output (W), heart rate (b-min 1) and V02 (L min 1) ecorded
~ during selected phys1010g1cal tests (n =12) - ‘

o Power .-+ | Heart rate Oxygen uptake
Outdoor 16.1-km TT  |314+37 | 161£15 -
Indoor 16.1-kmTT ~ |300+£50 - l63i 16 4.17+0.61
Peak value - 391£59 - 118016 4.73 £0.60
LMP 273 i38 | 15415 3.75+£0.53
TLap (ramp) T 224+29 135+13 ’ 2.97 ik 0.46
TLac (incremental)  1207£30 128+14 2.76 +0.46
TLac (discontinuous) | 206 21 127 llv ST 281030
"OBLA (ramp) 283+40 - - [156%13 , 3.8510.62 “
'BELA (incremental) | 274+37 . 152+13 13732055
"OBLA (discontinuous) {285+42 . 15114 | 3.94+0.55

I
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There was no difference (P>0.05) between average power recorded during indoor and

outdoor time trials. Average power for outdoor time trials was higher (P<0.01) than power

~ at LMP, TLac (ramp, incremental, discontinuous) and OBLA (ramp, incremental,

_discontinuous). Although average power for the indoor time trial was higher than power at
LMP and TLac (ramp, incremental, discontinuous) and OBLA (incremental) it Was simiiar
to power at OBLA (ramp and discontinuous). There was no difference (P>0.05) between

mean values for power at LMP and OBLA incremental.

There was no difference (P>0.05) between average heart rate recorded during indoor 'andk
, " outdoor time trials. Average heart rates for indoor and outdoor time trials were higher
: (P<0.01) than heart rate at LMP, TLac (ramp, incremental, discontinuous) and OBLA;
 (ramp, incremental, discontinuous). Mean values for heart rate at LMP and OBLA (ramp,

- incremental, drscontmuous) were similar (P>0.05).

* Table 49. Relationships (Pearson product moment correlation coefﬁcient) between average'
- power (W) recorded during the 16.1-km time tn'al race and power output recorded duringk

: laboratory based assessments of endurance performance (n = 12)

e - [rO%Cn . [SEE(W)(95%CD) [ SEE (%) (95%CD)
Tndoor 16.1-km TT 0.97 (0.89-0.99) * |9 (6-15) 3@5)

Woedk | 099036L00)* [6(10)  — [2(13)

LMP | 096(0.86-099)* |11(8-18) . 43377

TiLvac (ramp) - - ; 0.88(0.62-0.97)* | 18 (13-30) - 17G12)

TLac (incremental) 0.75(0.31-0.93) $ * | 27(19-45) . -1 9(6-15)

TLac (discontinuous) 1 0.85(0.54-0.96) $ | 21 (15-35) -1 7(5-12)

OBLA (ramp) - - 0.84 (0.51-0.95) * | 21(15-35) 8(6-14)

OBLA (incremental) 0.81(0.44-094) $ | 23 (16-38) ’ 8 (6-14)

OBLA (discontinuous) . - | 0.89(0.65-0.97)* | 18(13-30) 6 (4-10)

denotes significant correlation (P<0.001)

¢ denotes significant correlation (P<0.01)

: There was 1o dlfference (P>0 05) between average oxygen uptake recorded dunng mdoor

time tnals and mean VO2 at OBLA (dlscontmuous) Mean value for VO, at LMP and

21



OBLA incremental were similar (P>0.05). Average VO, for the indoor time trial was
- higher than VO, at LMP, TLac (ramp, incremental, discontinuous) and OBLA (ramp,

incremental, discontinuous).

Table 50. Relationships (Pearson product moment correlation coefficient) between average
heart rate (bmin™) recorded during the 16.1-km time trial race and heart rate recorded

 during laboratory based assessments of endurance performance (n = 12)

o o | 1(95%C) » SEE (b'min-1) (95%CI) | SEE (%) (93%CI) |
Tndoor 16.1km TT | 0.97(0.89-099)* [4(3-7) 3(25)

HRpeak 098(093-099)* (325 T2(13)

LMP - -1091(0.70-097) * | 6(4-10) 4(3-7)

TLac (ramp) * 0.74 (0.29-0.92) $ | 10(7-17) , 7(5-12)

TLac (incremental) - 0.81(0.44-094)$ | 9(6-15) 6 (4-10)

TLac (dlscontmuous)‘ 086 (0.546-0‘.96) v 78 (6-14) 1548
OBLAGamp) | 084(05109%) % [8(E14) (6@

OBLA (mcremental) | 0.86(0.56-0.96) * | 8(6-14) | 5(4-8)

OBLA (dlsconrlnuous) B 0.87 (0.59-0.96) * 17(5-12) o BIE (4_8)

—denotes significant correlation _(P<07001)’ $ denotes significant correlation (P<0.01)

7 Strong relatlonshrps were found between power determined from each method of ,
j'assessment and outdoor time trial power However 95% confidence 1nterva1s for SEE
revealed that W power at LMP and average power indoors provided the most accurate

‘method of determining ontdoor 16.1-km time trial power. A strong relationship was found

| ’between VO 2nd outdoor time trial power in the group of 12 trained cyclists, r = 0.96

(95%C10.86-0.99).

A relatlvely weak relatlonshrp was found r= 0 76 (95%CI 0. 33 0.93) when the relatlonshrp :
between VOzmk and time trial power was assessed 1n a more hornogenous group of the six

' chclrsts who had achreved the hlghest value for VO2pcak Standard error of estimates for the
B predrctron of time tnal power usrng VO2peak were similar between the heterogeneous and
homogenous groups (4% (95%CI 3-7%) vs 3% (95%CI 2-7%) for n = 12 and 6,

' respectrvely) “The relatronshrp between Wpeak and time trial power and W peak and VO,,,“k
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were not drmrmshed in the group of six riders (r = 0.99; 95%CI 0.96-1.00 with SEE of
0.5% (95%CI 0.3-1 3%) andr=0. 97 (95%CI 0.89-0. 99) with SEE of 3% (95%CI 2- 6%)

respectrvely)

: Strong relatlonshlps were found between heart rate determmed from each method of
assessment and average heart rate recorded durmg the outdoor time trral However 95%
conﬁdence mtervals for SEE revealed that HRw,k heart rate at LMP and average heart rate
- recorded during the indoor time trial provided the most accurate method of determmmg the

' average heart rate recorded durmg an outdoor 16.1-km time trial.

}l‘ahle 51. Relationships (Pearson product moment correlation coefﬁcient) between average
0xygen uptake (L'min D) recorded dunng an 1ndoor 16.1-km time trial and oxygen uptake

ecorded dunng laboratory bascd assessrnents of endurance performance (n =12)

SEE (L'min-T) (95%CI) | SEE (%) (95%CI)

TrEs%CT)
VOzpeak 0.96 (0.86-099)* | 0.17(0.12-0.29) 5G9
LMP 0.86 (0.56-096)* | 0.32(0.23-054) 5615
ﬁLac Gamp) 065 (0.12-089)# | 0.50 035085) 13022)
TTac (moremental) | 085 (0.54-096) | 0.35 (0.25-0.59) 5613)
TLac (dscontimuous) | 063 009087 | 051 (036087 13 9-22)
OBLA (ramp) 074 (029092)5 | 043 (0.30-0.73) 13(930)
OBLA Groremental) | 077 (035-093)8 | 041 (0.29-0.70) 12 (3-20)
SBLA @eeontimions) [073 (027-09)$ | 044 (031:0.75) 2620

denotes significant correlation (P<0.001) -
_ § denotes significant correlation (P<0.01)
# denotes significant correlation (P<0.05)

, Peak oxygen uptake and VO, at LMP and TLac (1ncremental) were strongly related to
average VO, recorded during the indoor 16.1 -km time trial. However relatrvely weak
relationshrps were found between average VO, for the time trial and VO, at TLac (ramp,’

discontinuous) and OBLA (ramp, incremental, discOntinuous). Notablyk 95% confidence |
intervals for SEE revealed that VOZM,; provided thc most accurate method‘ of determining

the average VO, recorded during an indoor 16.1-km time trial.
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11 5 2 PART 2 , J ; ,
Table 52. Subject charactenstlcs and 1nd1v1dua1 performance durmg a ﬂeld based 16 l-km

time trial (n=16) .

Subject Age Height . ; Mass Woew 16.l-km TT Speed( Time
| o |m | [wm |[wm (kmh") | (min:s)
11 25 1.82 76.5 484 368 44.00 21:49
2 25 179 = | 710 432 341 46.01 20:52
3 25 1.84 82.5 457 353 39.72 24:10
4 29 - | 1.87 73.0 453 348 45.46 21:07
5 30 1.91 73.5 403 325 ' 42.11 22:48
16 30 1.78 66.5 425 338 45.35 21:10
7 31 | 191 755|423 | 337 40.85 23:30
8 42 1.75 73.6 378 296 44.31 21:40
9 46 1.81 76.5 | 454 357 43.15 22:15
10 52 1.78 71.5 368 307 . 43.70 2148
11 55 | 1.76 715|348 |283 . |4l62 73:04
2 56 | 1.76 725|360 |92 4337 22:08
3 58 1.8 860 | 339|292 39.40 24:22
14 60 | 1.80 795|280 | 224 38.30 25:07
15 61 | 177 790 | 304 | 251 14150 2308
T3 63 | 1.73 805 | 324|270 43.80 21355
Moan 143 | 181 | 756 [3% |31 42.67 22:34
5D 5 {085 |30 |61 |4 73 [T

| Table 52 shows the individual data for W, average power output (Wer) and
, ‘per’forr}nance time (Tgr;) recorded during the 16.1-km time triai and Figure 31 shows the
relationship between Wiy and w,,,,,;. A very strong relationship was found betweeh Wp;,k
and W,y using linear (r = 0.97; P<0.001, 95%CI 0.91-0.99; SEE 7 W, 95%CI 5 to 11 W)
and In-linear models (r = 0.99; P<0.001, 95%CI 0.97-1. 0 SEE of 2. 5%, 95%CI = l 8to

3.9%).

Flgurc 32 shows the relatlonshlp between W, and Tm, a weak correlatlon was found :
: between W and Terr using lmcar (r =0.46, P = 0.07; 95%CI -0.05-0.78, SEE of 1:09
min:s, 95%CI 0:51 to 1:49 min: s) and ln-llnear models (r = 0. 48 P=0. 06 95%CI -0.02- -
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0.79, SEE of 5.1%, 95%CI 3.7 to 8.0%). Similarly, a weak correlation was found between
Wierr and Tepr usmg linear and In-linear models (r = 0.46 and 0.48, respectlvely) However,
correlation coefﬁcwnts were sngmﬁcantly 1mproved when the ratio of W, body mass
(Wkg') and Wm-body mass (Wkg') were regressed on Tg; using a linear model (r =
0.64; P<0.01, 95%CI 0.21-0.86, SEE of 1:00 min:s, 95%CI 0:44 to 1:35 min:s and r =
0.66; P<0.01, 95%CI 0.24-0.87, "SEE of 0:58 min:s, 95%CI 0:43 to 1:31‘ min:s)

rcspectivelyf
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Figlire 31, The relationship between time trial perforrnéhce W, mean powér output for
| 16.1-km) and peak power output (ka) in sixteen subjects. Data ﬁtted with a line of best

fit calculated from the In-linear regressmn of time trial performance power on peak power
(r = 0.99, P<0. 001). Power (watts) measured during the time trial was related to W,
~ (watts) by the following linear and power function equations:- Wm = (. 67*(Wpuk) + 50
 and 1.92*(W,ei"™) respectively. Standard error of estimate for linear and In-linear models

were 7 W and 2.5% respectlvely,
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Figure 32. The linear relationship between time trial performance time (s, 16.1-km) and
peak power output (W) in sixteen subjects. Data fitted with a line of best fit calculated
from the linear regresSion of time trial performancé time on peak power (r=0.46, P>0.05).
Performance time (secs) recorded for the time trial was related to W (Watts) by the
following linear and power function equations:- Ter = 1575-0.57*(W,,); and
 3585%(W, ') respectively. Standard error of estimate for linear and In-linear models

were 1:09 min and 8% respectively.

When the relationship between Wi and Wipp was assessed in seven riders who achieved
the highest values for Wiy (range 423 to 484 W) and Wirr (range 337 to 368 W), further
analysis of the data revealed a strong relationship between W,,, and Wi using linear (r =
0.99; P<0.001, 95%CI 0.91-0.99; SEE of 3 W, 95%CI 2 to 4 W) and In-linear models (r =
0.98; P<0.001, 95%CI 0.97-1.0, SEE of 0.8%, 95%CI 0.6 to 1.3%). However, for this
group no relationship was found between W, and Terr (r = 0.06 and 0.07, P = 0.89 and
0.87 for linear and In-linear models respectively). Power (W) measured during the time
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trial was related to W, by the following linear and power function equations:- Werr =

0.51-(W,) + 121 and 6.53(W,.,*) respectively.

The relationship between W, and performance time was assessed m the seven senior
aged cyclists (age range from 25-31) and nine older riders (age range from 42-63) who
formed the complete subject group of sixteen. No relationship was found between Woeak |
- and Ty in the senior (r= 0.07, P = 0.87) and veteran (r= 0.59, P =0.09) groups and when
the relationship between Woeak and performance power was asseﬁssed in the young (n =U7‘)
and older (n = 9) riders, however a very strong relationship was found between W, and

time trial power (r = 0.99, P<0.0001 and r = 0.98, P<0.0001) respectively. -
11.6 DISCUSSION o

11.6. 1 PART1
The maln ﬁndmg of thrs study was that Wpeak recorded in senior and veteran cycllsts was
hrghly related to mean power recorded during a ﬁeld based 16.1-km time trial and that
Wpeak provrded a valid predrctron of trme trial power when compared with several blood
‘ lactate parameters Thrs ﬁndrng concurs with the work of several mvestrgators who
reported that maxrmal power is strongly related to indoor (Brshop et al., 1998; Hawley and
’Noakes, 1992 Wood et al 1?97) and outdoor (Davison et al 1999 Dobbms, 1996)

| cychng trme trial performance

’In the present study, correlatlon coefﬁcrents revealed the strongest blood lactate predictor -
of outdoor tlme trlal power was power at lactate minimum point. This fmdmg agreed w1th

the work of Balmer et al. (1997) and Davison et al. (1997) who found that power at lactate ‘7

minimum pomt provrded a more accurate estimation of 16.1-km time trial power than "

| power at TLac and OBLA In the present study, a strong correlatlon was found for power at
| TLac and OBLA and ﬁeld based time trial power, however 95% conﬁdence intervals for

SEE revealed that power at TLac and OBLA did not provrde an accurate predrctron of
outdoor trme tnal power when compared with power at lactate mrnrmum pornt W, and

f,average power reeorded durlng the indoor time trial.
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The most accurate predictor of time trial heart rate was peak heart rate recorded during the
- Kingcycle PAC test and the strongest predictor of average VO, during an indoor 16.1-km
time trial was VO, recorded during the PAC test. Notably HRPeak provided the most
accurate predictor of field based heart rate when compared with heart rate values
determined using blood lactate parameters and average heart rate recorded during the
indoor time trial. Similarly VO, provided the most accurate predictor of average VO,
during an indoor 16.1-km time trial. Therefore data from a single Kingcycle PAC test
provided values for W.,,, HR.,, and VO, Which could be used to prédict average power

and heart rate outdoors and average oxygen uptake indoors.

The assessment of a maximal exercise intensity in elderly individuals has serious
implications for health and safety, however veteran cyclists frequently complete field based
races at or near maximal intensity. The issue of maximal testing veteran cyclists is
particularly problematic and therefore future study should also identify a sub-maximal
assessment which could provide an equally valid predictor of field based performance. In
the present study, analysis of the data revealed that power at TLac determined using a ramp
protocol provided a valid predictor of 16.1-km time trial power. Notably threshold values
for TLac occurred at a relatively low intensity when compared with OBLA, Massé-Biron et
al. (1992) found that veteran riders could not attain an exercise intensity associated with
OBLA, however in the present study OBLA intensity was determined in all of the veteran
cyclists. Several studies have found that power at lactate threshold can predict outdoor 40-
km cycling time trial time (Coyle ef al., 1991) and indoor 1-h time trial power (Bishop et
al., 1998). The present study revealgd thyat power at TLac can provide a reasonable

prediction of outdoor time trial power (SEE of 7%).

Iﬁvestigators have found that maximal power can provide a more accurate assessment of
laboratory-based cycling endurance performance than VO, in cyclists (Dobbins, 1996;
Weston et al., 1997) and runners (Jones and Doust, 1998; Noakes et al., 1990; Scott and
Houmard, 1994). In the present study, relationships found between Wiy, VO, and
outdoor time trial power were similar. One possible explanation for this finding concerns

the method of testing used to establish W,,, and VO,,.,,. Keen et al., (1991) developed the
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Kingeycle PP test in order to predict VO, from W, and found that the relationship
between W, and VO,,,, was very high (r = 0.96 with SEE of 0.15 L'min™). - :

The postulate that W, is highly depen’d‘ent on VO, is equivocal. For instance in the -
study by Bishop et al. (1998), 24 female cyclists complcted'an incremental cyéling test
with a 25 W increase every 3 min to volitional exhaustion and a weak relationship was
found betwéen W.., and VO,_,. (r = 0.42). This was in marked contrast to the study of
Hawley and Noakes (1992) who used an incremental cycling teth with a 25 W increase
every 2.5 min and found that W, was highly related to VO,,,, (t=0.97). One explanation
“concerns the heterogeneity of the group tested by Hawley and Noakes (1992), however .
Bishop et al. (1998) also tested a heterogeneou‘s‘ group of female cycli’sts.‘ In a recent study
by Wiswell et al. (2000) the strongest predictor of perfdnnance time for 5-km, 10-km and
marathon distances in a large heterogeneous group of master athletes was VO, (L'min™
and mL-kg"-min"). Notably these authors reported relatively weak relationships between
performance times and blood lactate parameters, however they did not ’assess running
velocity at VO,p,,. One explanation for the strong relationship between W, and VOzpe_k’
~ found in the present study concerns the effects of testing protocol and measuring apparatus
on the determination of these variables. There is very littlke infonhation available
’concerning the effect 6f ergometer design and method used to provide a workload

resistance on - the assessment of W, and VO,,, and the relationship between

: Wp,ak:VOZP;ak.

" When evaluating the effects of training on changes in exercise performance capacity, Joneg
and Doust (1998) argued that the relationship bétween a predictor and criterion measure
may be of less importance than conﬁdencé; in the reproducibility of the measure. An |
assessment of the relationship between two variablcs will depend on intra-individual
’biological variability émd inherent technical error associated with the determination of each
variable. For instance, studies have reported that the test re-test reproducibility (Coefﬁcieht
* of variation) for VO, was 8% (Howley et al.,1995), LT was 1.5% (Pfitzinger and
Freedson, 1998) and performance poWer fora 40-kin ﬁeld based cycling time trial was 2%,
~ (Smith et al., 2000). In Sfudy 2 assessment of the ‘reproducibility of VOppeu dét:rmined

during the Kingcycle PAC test revealed a coefﬁdent of variation of 4%. The strong
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relationships between W, and VO, and 16.1-km time trial power reported in the
present study may have been influenced by the low range of variability associated with the

determination of these variables.

Maximal power output at VO,,,, is dependent on the method of testing (see review of the
literature in chapter 5 of the present thesis), one possible explanation for the different
relationship between W,,, and VO,,,, observed in elite and professional riders (Lucia et
al., 1998) concerns the effect of using a standardised testing protocol to assess these
variables. In the present study relative ramp rate was determined from W, recorded
during a previous PAC test and may have removed the influence of training status from the
testing protocol. If the achievement of VO, and W,,, is affected by the combination of
training status and testing protocol, it is reasonable to assume that a relative load increment
would provide a more valid method of assessing inter-ihdividual differences in this
relationship. Further investigation is warranted to study longitudinal intra-individual
changes in VO, and W, and to examine the effect of testing protocol on the

W eas: VOipeay Telationship.

The relationship between two variables assessed using Pearson product moment correlation
coefficient is dependent on‘the heterogeneity of the sample (Hopkins, 1997) and studies
which have found a correlation between VO, and performance have ténded to include
subjects with a wide range of ability (Hawley and Noakes, 1992; Saltin and Astrand,
1967). Interestingly when mean relative VO,p,, (mL'kg"-min") was used to match two
groups of cyclists (elite vs highly trained), Coyle et al. (1991) found that cyclists with a
higher absolute VO, and relative %VO,,,, at LT were able to maintain a higher average
power during 2 laboratory-based 1-h performance ride and average speed during a field
based 40-km time trial. However Coyle and co workers argued that VO,,, could not be

used to identify inter-individual differences in performance even though best predictor of

2max

average speed for the field based 40-km time trial in the elite group of cyclists was VO
and not VO, at LT, or average power achieved during the laboratory based 1-h perfonhance
ride. This finding contradicts the argument that VO, does not provide a valid assessment
of cycling performance ability in a homogenous group of elite competitors. However, it

could be argued that the elite group assessed by Coyle et al. (1991) was heterogeneous
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with a range of VO, of 4.56 to 5.64 (L-min”"). In the present study a strong relatbionship
© was found between \'/02,,eak and outdoor 16.1-km time trial power in a heterogeneous group |
i of 12 trained cyclists with a range of VO, of 3.89 to 5.46 (L'min™"). However a reiotively
* weak relationship was found between VO, and time trial power in the homogenous
group of six trained cyclists with a range of VO,,., of 5.06 to 5.46 (L'min™). This data
highlighted problems concerning the effect of heterogeneity on the interpretation of

relationships identified using Pearson product moment correlation coefficient.

In the recent study by Hoogeveen (2000) six elite and nine professional cyclists (n = 15)
were tested off-season and in the middle of the racing season. A significant increase ikn both
VO, and W, was recorded over this period of time. Unfortunately Hoogeveen (2000)
did :\not assess cycling performance however it was assumed that performance had
increased from pre-éeason values. Lucia et al. (1998) found that W, was higher in
professional riders when compared with elite amateurs without a difference in VO, This
N finding suggests that a higher W,,, is aehieved due to a greater reliance on anaerobic
sources of energy produetion. In contrast to this, Hoogeveen (2000) suggested that trainihg
induced improvements in VO, kinerics increased the oxygen uptake reoorded during an
incremental exercise test. Cyclists were able to achieve a higher maximal power due toan
, inoreased' \70‘2 at each .stage of the test which was indicative of an increased aerobic
contribution to the'eriergy requirefnents for each load increment, Consequenrly training
induced adaptatrons in VO, kinetics allowed the cyclists to attain a higher VO,,m and W

duetoa reductlon in the need to provide energy via anaeroblc sources. B

Enduranice events involve the utilisation of both acrobic and anaerobic energy sources
(McArdle et al., 1991) and the relative contribution of aerobic and anaerobic pathways
depends on the duration of the ‘event,'the-relative exercise intensity of the event and inter-
and intra-individual differences in oxidative and anaerobic capacity (Wood, 1998b) Itis -
drfﬁcult to assess an individual's anaerobrc capacity (see Vandewalle et al., 1987) and
measure the relatlve contribution of aerobrc and anacrobic energy sources durmg high
mtensrty exercrse Work completed by Crarg et al. (1993) found that anaerobic power was
mgmﬁcantly related to performance of a short dlstance (4 km) tlme trial completed on a

cychng track. However methodologlcal issues concermng the quantrﬁcatlon of anaeroblc :
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capacity have to be considered when evaluating these findings. Further investigation is
warranted concerning the effects of age, testing protocol and training status on the
interaction of aerobic and anaerobic energy production during maximal and sub-maximal

cycling performance.

Very little is known about the relative contributions of aerobic and anaerobic energy
sources during the 60-s period of W,,,. The close relationship between W, and VO,
suggests that aerobic sources are the main contributors to improvements in W, w:;
training, however data presented by Lucia et al. (1998) showed that higher values of W

achieved by professional riders was due to an increase in economy (more power withou;m ;
change in VO,). Differences in W,,, between professional and elite amateur cyclists were
attributed to biomechanical factors which influenced power output and a greater relative
energy contribution from anaerobic sources. Wilber ef al., (1997) compared elite and Well
trained groups of cyclists and found no difference between groups for VO,,,, but a
significantly higher W, for the elite group. The authors postulated that the higher W,

could be linked to differegces in pedalling biomechanics and differences in neuromuscul:'
parametgrs and patterning. This postulate was based on the work of Coyle et al. (1991)
who found that peak torque recorded during each pedal stroke was higher in elite when
compared with well traiped cyclists maintaining the mean power output pre-determined

from a 1-h time trial.

The relationship between VO, and power output is dependent on:- the absolute power
required to complete the task; the load increment (rate of loading) required to achieve the
power; the duration of the task; the training status of the individual and the validity and
reproducibility of the device used to record powef output and oxygen ﬁptake Therefore
investigators need to be aware of these effects when comparisons are made between studies
which have investigated the relationship between power and oxygen uptake during cyclin
performance. ‘ ‘ | :
11.6.2» PART 2

In order to evaluate the performance ability of endurance athletes it is necessary to use

laboratory based tests which are reli : o .
eliable, valid and sensitive to small changes in an athlete's
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fitness level (Hopkins et al., 1999). This is particularly important when performing
repeated measurements over a period of time and when laboratory data is applied to the

field to predict actual performance.

Data from the present study shows that individual performance power during a 16.1-km
time trial can be accurately predicted from W, (r = 0.99). Therefore instead of using heart
rate response and/or average speed, a cyclist using'an SRM power meter could ride‘ to a
pre-determined power output based on W, recorded during a PP test. It is worth noting
that Jeukendrup and van Diemen (1998) found that the relationship between heart rate and
power can be uncoupled during prolonged exercise and can be affected by the rider's
position and environmental conditions. The authors concluded that a measure of power
output during training and racing could be used to provide a more reliable assessment of
exercise intensity. Similarly, Maassen and Busse, (1989) showed that the relationship
between heart rate and relative power output (%W,,,) was significantly different after

completion of an endurance training program.

A recent study by Smith et al. (2000) assessed the reprdducibility of average pdwer
recorded during indoor and outdoor 40-km cycling time trials and calculated that the
coefficient of variation across trials 2 and 3 was 1.9 and 2.1% respectively. Several studies
have assessed the variability of indoor time trial performance (Bishop, 1997; Palmef etal.,
1996) however this is the first study to investigate the reproducibility of outdoor time trial
pOWer. Notably, values for coefficient of variation reported by Smith ez al. (2000) were
similar to values reported for indoor time trials completed in a controlled laboratory

environment (see Hopkins et al., 1999).

The strong relationship between W, and time trial performance power reported in this
study suggests that a change in Wy, could have a direct affect on 16.1-km time trial
| power. Notably in the study by Lindsay et al. (1996) maximal workload (W,,,) achieved
during a maximal test increased in highly trained cyclists who completed a four week high
| intensity interval training program. Howevér, even though the relationship between Wm
~and time trial performance was high (r = 0.84) increases in Wp,, (~ 5%) were not

significantly related to an improvement in Kingcycle 40-km time. Similarly, Westgarth-
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Taylor et al. (1997) found that high intensity training increased W,,,, but there was no
significant relationship between the change in W, and a decrease in 40-km time. It was
postulated that cycling performance was a combination of the cyclists' absolute W,,, and
their ability to sustain a high percentage of W, and that W, could account for 70-90%
(Hawley and Noakes, 1992; Lindsay ef al., 1996) of the variation in time trial performance
time. Data from the present study suggests that W,,,, can account for 98% of the variation

in time trial performance power and 21% of the variation in time trial time.

It is worth noting that the assessment of W, by Lindsay et al. (1996) and Westgarfh-
Taylor et al. (1997) involved a continuous 25 W incremental test (the du;ation of each
increﬁxent was 150-s) performed on a Lode ergometer..In the present study W, was
assessed using a continuous Kingcycle (~ 20 Wmin™) ramp test. Although‘both of these
tests assess maximal/peak power, the measurement of W, in the study of Lindsay et al.
(1996) and Westgarth-Taylor ez al. (1997) was based on the calculation of completed work
rate in W plus the fraction of time spent in the final non-completed stage multiplied by the
final load increment in W. In the present study W, was calculated as the highest average
power output recorded during any 60-s period of the ramp protocol. Therefore the
determination of W, in the other studies was based on an estimation of maximal minute
power and not a direct measurement. It is surprising that this method of testing has been
used by several investigators to assess the W,,, of well trained (Bishop et al., 1998;
Hawley and Noakes, 1992; Jeukendrup et al., 1996; Kuipers et al., 1985; Lindsay et al.,

1996; Palmer et al., 1994; Stepto et al., 1999; Westgarth-Taylor et al. 1997; Weston et a‘I., |
1997), elite (Wilber et al., 1997) and professional cyclists (Hoogeveen, 2000; Padilla et al.,

1999; 2000).

Several studies (Dévis et al., 1982; Hansen et al., 1988, Yoshida, 1984)‘have found that the
assessment of maximal power can be affected by the method of testing, however further
investigation is required to establish whether a change in W, due to the effects of
traihing/detraining would be matched by a change in tifne trial performance power.
Furthermore there is very little inforrhafion available concerning the effect of cycle
ergometer design on the assessment of W, (with particular reference to the method used

to provide resistance and the inertial characteristics of equipment used to mimic actual
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cycling). Future study could investigate the effects of using different cycle ergometers to

measure W,,,, with power measured using a SRM power meter.

Peak power output was a strong predictor of 16.1-km time trial performance power across a
wide range of ability (time trial power 224 to 368 W). Therefore the heterogeneity of the
subjects may have influenced the relationship between W, and 16.1-km time trial power.
However, Figure 31 shows that the relationship between W, and time trial power was
also high in the best performers (time trial power 337 to 368 W) and therefore peak power
could be used to predict the performance power of cyclists who maintain both high and low
power outputs. Although a weak correlation was found between peak power and time trial
time, it is important to note that no correlation was found between peak power and
performance time in the group of best performers. This finding needs to be considered
when studies investigate the effects of a treatment/intervention on cycling performance and

use performance time to indirectly assess the power output of competitive cyclists.

The finding that peak power was not strongly related to time trial time is not surprising
when the effects of individual aerodynamics and variable environmental conditions are
considered. The relationship between power output and speed is dependent on factors such
55 wind speed and direction, ambient temperature and atmospheric pressure as well as body
size, racing position and bicycle design. In the present study cyclists competed in separate
time trial races and therefore environmental conditions were not standardised. Furthermore,
each rider's performance power and time trial time was assessed during a single event and
cyclists used their own self selected racing position and bicycle equipment. Studies which
have reported strong relationships between field based performance time and a laboratory
" based measure of power output have typically recorded the time trial time of a group of
riders during the same event completed on the same day (Herwley and Noakes, 1992), used
the personal best performance time of each rider (Coyle et al., 1991) or the mean individual
performance time achieved during a series of races (Palmer et al., 1996). Data reported in
the present study showed that average power output provided a more valid assessment of

endurance performance than time tnal time when comparisons are made across different

days and events.
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Coyle et al. (1991) found that laboratory based 1-h performance power was highly related
to personal best time to complete a 40-km time trial (r = -0.88) however, SEE for the
prediction of performance time was 1:48 min:s (95%CI 1:18-2:54 min:s). Similarly,
~ Hawley and Noakes (1992) found a strong relationship between 20-km cycle time and W,,,,
(r = -0.91) with a SEE of 1:36 min:s (95%CI 1:12-2:22 min:s). In the present study a weak
relationship was found between time trial power output and time trial time (SEE of 1:09
min:s, 95%CI 0:51-1:49 min:s). However, the SEE for the prediction of time trial power
was 2.5% (95%CI 1.8-3.9%). Further research is required to determine the effect of + 2.5%

performance power on 16.1-km cycle time.

Hawley and Noakes (1992) reported that the correlation between W,,,, and outdoor 20-km
cycling time was decreased when W, was expressed relative to body mass, it was
suggested that for a relatively low ratio between W, ,, and body mass, performance time
was less for riders with a large body mass. It was explained that when riding on a flat
course the larger rider experiences less wind resistance due to a relatively smaller body
surface area Itis reasonable to assume that the topography of the course used in this study
may ‘have mﬂuenced the ﬁndmg that the relationship between peak power output and

performance time was improved when W, Was expressed relative to body mass.

The weak correlation found between performance power and time trial time can be
explained by inter-individual differences in aerodynamics and the effects of environmental
factors such as wind speed and direction and the topogréphy of the course. Unlike
performance time and/or average speed, power output is not dependent on aerodynamics,
_environmental factors and topography. Data from this study showed that time trial time
* was not related to W,,.,, or performance power when riders participated in separate 16.1-km

races performed on different days.

11.7 SUMMARY

Data collected in the present study revealed the underlying relationship between Wy, and

16.1-km time trial power and the inter-relationship between W, and VO,peni Although a

242



laboratory based simulated 16.1-km time trial and blood lactate response during
progressive exercise prov1ded valid methods to predict outdoor 16.1-km time trial power
snd heart rate no discernible difference was found between these methods of assessment
" and values obtained from a Kingcycle PP/PAC test. Peak values for power, heart rate and
oxygsn uptake were valid predistors of average power and heart rate recorded during a
field based 16.1-km time _tn'al and average oxygen uptake during an indoor 16.1-km time
trial. Bishop et al. (1998) commented 'that the time-cbhsuming and costly analysis of
lactate was not necessary‘ for the prediction of average power maintained during a
laboratory based 1-h cycling time trial' (p. 1274). The findings of the present study confirm
this statement and suggest that the determination of lactate threshold is not necessary for

the prediction of field based 16.1-km time trial power in a group which consisted of senior

and veteran cyclists.

11.7.2 PART2

Peak power achieved during a Kingcycle PP/PAC test can be used effectively to predict
power output but not performance time during a field based 16.1-km time trial. This
method of testing affords a relatively inexpensive, non-invasive, reproducible and valid
assessment of cycling endurance performance for senior and veteran cyclists. Further
investigation is warranted concerning the relationship between W, and endurance cycling

performance during a period of training/detraining as occurs within a normal

training/racing season.
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12 CONCLUSIONS

VALIDITY AND REPRODUCIBILITY OF THE KINGCYCLE

The Kingcycle test rig (with version 5.5 computer software) did not provide an accurate
measure of power when compared with the SRM ergometry system. Investigators should
be aware of this discrepancy (~ 10%) when using each measuring device and when inter- |
individual comparisons are made within"and between studies. Within subject variation in
Kingcycle power was acceptable and during relatively constant load conditions the
- reproducibility of Kingcycle power was high (CV ~ 1%). However SRM did provide a
more reproducible measure of W, during a Kingcycle peak power test and this ﬁhding
has implications concerning sample size and resources required for future intervention
studies. Based on the findings of this study investigators are advised to use the SRM power

meter to assess power output during the physiological testing of senior and veteran cyclists.

REPRODUCIBILITY _OF PEAK PHYSIOLOGICAL VARIABLES AND ENDURANCE
PERFORMANCE-DURING CYCLING TESTS |

Within subject variation (CV%) for SRMyeyc HR s VO,, VCO, and Vg recorded during
peak power and peak aerobic capacity tests were relatively low (1.3, 1.0, 3.8, 3.1, 3.5%,
respectively). Coefﬁkcient of variation calculated for peak blood lactate concentration
recorded five minutes after completion of the peak aerobic capacity test was relatively high
- (6.7%). Reproducibility (CV%) of average power and heart rate recorded during an indoor
16.1-km cycling time trial was acceptable (2.8, 1.3%, respectively). Therefore the testing
methods and equipment used in the present study provided a reliable assessment of
~ selected peak pﬁysiological variables and endurance performance during indoor cycling
tests. Based on the findings of this study it is possible to conclude that these testing
methods can be used effectively to assess age related changes in these key physiological

variables and provide informative comparisons between senior and veteran cyclists.

AGE-RELATED CHANGES IN PEAK PHYSIOLOGICAL VARIABLES
Age was a modest predictor of peak physiological variables assessed during a Kingcycle
PAC test in a heterogeneous population of competitive cyclists. The decline in W,,,,, with

age was between 25 and 30 W, (~ 6 to 9%) per decade with a more pronounced in a more
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homogenous group who achieved the highest values for W;,,ak decline (~ 40 W or 10% per
decade). Regression analysis provided a prediction of the age related decline in HR,,,
(210-0.66-age). The findings of the present study confirm data reported in previous cross
sectional work that age related declines are dependent on the endurance performance

ability of the subject group.

| Absolute age-related declmes in VOzmk were similar to values reported in the hterature =
ca]culated from both cross sectional and longrtudmal work Age accounted for about 30 to
45% of the variance in VO2Peak dependent on the method of scaling used to account for
| changes in body composition. There was no relationship between age and peak values for
RER, breathing frequency and economy. However relationships were found between age

and declines in peak VCO,, ventilation, pedal cadence and blood lactate concentration.

Although longitudinal studies appear to provide a more valid assessment of the effect of ‘
age on endurance performance capacity, data reported in the present study revealed new
information concerning the relationship between age and selected physiological varlables
~ assessed during a Klngcycle PAC test. Investigators need to be aware of age related
declines in these physiological variables which are commonly associated with successful
endurance performance particularly when comparisons are made between age groups and

when using normative values to assess relative exercise performance capacity.

" AGE-RELATED CHANGES IN TLAC AND OBLA THRESHOLD EXERCISE INTE-N‘SVITY
| ," There was a significant age associated decline in absolute Values for power and HR
determined at TLac and OBLA thresholds. However new data concerning the age-related
~ change in power and heart rate at threshold revealed that relative exercise intensity at TLac -
and OBLA‘when expressed as %W, and %HR,,“; tended to increase with age however' -
| this change did not reach the level of s1gn1ﬁcance (P = 0.11 and 0.26, respectlvely) Th1s

- finding did not concur with previous work which found that relative exercise 1nten51ty at

. kthreshold increased with age. Methodologlcal issues concerning subject selection and cross

sectional analysis were hlghllghted therefore investigators need to be aware of these issues
| ~ when comparisons are made between age groups particularly when usmg laboratory based

assessments of endurance capacity such as TLac and OBLA.
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AGE-RELATED CHANGES IN PERFORMANCE RELATED RESPONSES

Absolute values for performance power and heart rate maintained during an indoor cycling
time trial declined with age, however relative exercise intensity when expressed as %W,
and %HR,,, was not influenced by age (P = 0.18, 0.35, respectively). Issues concerning
subject selection and cross sectional methods of analysis were considered as possible

explanations for this finding. -

- EFFECT OF AGE AND TESTING PROTOCOL ON THRESHOLD EXERCISE INTENSITY = = -

Although absolute values for power, heart rate and VO, at thresholds were higher in
seniors cyclists there was no difference between age groups for blood lactate at TLac
threshold. Pedal cadence was similar between age groups at OBLA but not TLac and
relative values for %SRMy,q, 70HR ., and %\”Ozwlk were similar between groups except
for %SRMy at TLac. Consequently the age of the rider needed to be considered when

evaluating variables associated with TLac.

Testing protocol affected power, heart rate and oxygen uptake at threshold exercise
intensity but not blood lactate concentration and pedal cadence. There was no interactive
difference between age and test, therefore effects of testing method were independent of
age. These findings had important implications for the selection of an appropriate blood
lactate derived threshold and testing method to assess the endurance capacity of senior and
veteran cyclists. Methodological issues regarding subject selection and cross sectional

analysis were also highlighted with particular reference to comparisons between age groups

and data interpretation. -

EFFECT OF AGE ON LABORATORY BASED CYCLING PERFORMANCE
Senior and veteran cycliéts maintained a similar relative exercise intensity during a
laboratory based 16.1-km cycling time trial. There was no difference between groups for
blood lactate response assessed during the time trial, however mean value for blood lactate
concentration was higher (P = 0.08) in the seniors. Economy for the duration of the time
trial was lower in the veterans. These ﬁndings did concur with previous work Wh‘ich
recorded lower values for blood lactate concentration in older athletes and a higher relative

exercise intensity at race pace in veteran runners.
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EFFECT OF AGE ON FIELD BASED CYCLING PERFORMANCE

During a field based 16.1-km time trial veteran cyclists maintained a higher relative
exercise intensity when compared with; senior cyclists, and a laboratory based ride. There
was no difference in relative heart rate response for indoor and outdoor rides or between
| groups, however seniors maintained a higher pedal cadence indoors but not ’outdoors |
Blood lactate concentration on completion of the indoor ride was higher for the seniors but
there was no difference between groups for the outdoor trial. These findings hrghhghted
important methodological problems associated with usmg indoor laboratory based tests to
investigate the effect of age on cycling endurance performance and qnestioned the validity

of indoor tests to evaluate cycling performance.

 CORRELATES OF PERFORMANCE RELATED RESPONSES DURING CYCLING TIME TRIALs IN
SENIORS AND VETERANS R

Data collected in the present study revealed the underlying relationship between Woea and
16.1-km time trial power and the inter-relationship between Wpca,; and VOZW. Althongh
~ variables recorded during a laboratory based simulated 16.1-km time trial and blood lactate
parameters assessed during progressive exercise protocols provided valid predictors of
outdoor power and heart rate. No discernible difference was found between the different |

methods used in this study.

Peak values for power, heart rate and oxygen uptake recorded during a single peak aerobic
,’cap'acity test were valid predictors of average power and heért rate recorded during a field A
based 16.1-km time trial and average oxygen uptake durrng an indoor 16.1-km time trial.
This finding supported the postulate that the determination of threshold exercise 1ntensrty .
was not necessary for the predtctlon of performance related responses durmg cyclmg time

trials and that peak power was a strong correlate to cychng performance.

VALIDITY OF Wrmx TO PREDICT OUTDOOR PERFORMANCE POWER BUT NOTr | o

PERFORMANCE TIME IN SENIORS AND VETERANS |
~ Peak power recorded during a Kingcycle peak power test predlcted mean power but not
performance time during a field based 16.1-km time trial. Individual drfferences in body

size and the effects of aerodynamlcs could account for this finding. Investrgators need to be
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aware that mean performance power and peak pdwer provide a valid assessment of
endurance performénce When cyclists participate in separate time trial races performed

under different environmental conditions.

OVERALL SUMMARY = ‘ :

This thesis investigated the use of physiological tests to assess ihe cycling enduraince
performance‘ -ability . of senior and veteran competitors. Key issues concerning the
, reprodupibility and ’\"“alid‘i‘ty of equipment and methods wére addressed in order to establish
an appropriate valid and reproducible method to investigate age related changes in
endurance capacity and performance and compare senior and “véteran cyclists.
Methodological problems associated with using cross sectional methods of analysis were
highlighted on several occasions and illustrated the need for caution When infer-individual

comparisons between senior and veteran cyclists are completed.

The major findings of this thesis were that W, assessed during a non-invasive rampéd ‘
peak power test was highly reproducible and afforded a valid method to assess inter-
individual differences in cycling performance ability regardles§ of age. The attainment of ak
high W, pcak appears to be 2 key determinant of successful endurance performance and
therefore should be considered a key fa'ctor’ when invesﬁgating agek related declines in
endurance capacity and endurance performance. Central factors such as age related -
declines in peak heart rate and ventilation and peripheral changes in muscle fibre structure
and functionvcould explain age related declines in peak oxygen consumption, W, and |
endurancé performance. The factors which determine ’Wpe,k warrant further investigation in -
order to identify the underlying mechanisms responsible for variations in cycling

endurance performance due to the ageing process and the effects of training/detraining. .
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13 FUTURE RESEARCH
o Investigate central and peripheral factors which determine Woeace
. Assess Whethsf ka is s'e‘rlsitiiie to changes in performance poWér.
e Study the effects of training interventions on W . and performance power.-
o - Investigate the - relationship between - muscle | ﬁbre composition and
aexjobic/anaerobic ke_xercise performancé in seniqf and veteran cyclists. ‘ |
B | e Examine the effects of respiratory muscle work on exércise performancé in veteran

- cyclists.
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14 APPENDICES

14.1 INFORMED CONSENT FORM
Subject NUIDET corvemernnnnenersssssassssnseness

Subject name: st eSS RS - Sex: Male/Female

SUPEIVISOII oevuecrusnumsemssssssssssnisnssensssasssssssmsssisssssssinssasessens
INVESHZALOT! oeverrerererserreersmsssssastssssissssnsnasassssssssssseessiscsssens

Project Title:

----------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------

..................................................................................................................................................
--------------------------------------------------------------------------------------------------------------------------------------------------
..................................................................................................................................................
--------------------------------------------------------------------------------------------------------------------------------------------------
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------------

I fully understand what is involved in taking part in this study. Any questions I have about
the study, or my participation in it, have been answered to my satisfaction. If I decide to
withdraw I understand that it will not have any undesirable consequences. It has been made
clear to me that should I feel that my interests are ignored, neglected or denied, I should
inform the head of the department of sport science who will undertake to investigate my

complaint. b

" 1 certify that the details of this study have been explained and described in writing to
................................................... and have been understood by him/her and that I consent to
his/her participation in this study. _

o112 AR Date cveririinsensininieessninnsssnissi.
(parental consent for minors only) .
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14.2 TRAINING QUESTIONNAIRE

page |

TRAINING AND RACING QUESTIONNAIRE

ALL INFORMATION PROVIDED WILL BE TREATED WITH THE STRICTEST CONFIDENCE

NAME
ADDRESS
POST CODE
TEL No
CYCLING CLUB : AGE (IN YEARS)

1. How many years have you been involved in cycling (also please state number of years
you have continuously raced/trained) ?

2. How many races did you ride last season (please circle) ?

0-5 races 5-15races  15-30 races 30-45 races 45+ races

3, What was your personal best time for 1995 in 10 and 25 mile time tfials if applicable
(please circle) ?

10 miles-  20-22 min 25 miles 50-55 min
2224 ¢ 55-60 «

24-27 « 60-65 «

27+ | 67-70 «

70+ «

4. What distance would you normally cover during your most preferred road race,
if applicable (please circle) ?

20-40 miles _  40-60 miles 60-80 miles - 80+ miles

" Do you keep a training diary (please circle) ?

YES OR NO
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page 2
The table below is designed to identify the level of intensity you train at,

Each level in the table should represent your average heart rate response during your training ride(s).

level A between 15-25 beats per minute
below your maximum heart rate

level B between 25-35 beats per minute
below your maximum heart rate

level C between 35-45 beats per minute
below your maximum heart rate

level D more than 45 beats per minute
below your maximum heart rate

please state the level of intensity you train at, as either:- A B C or D

If you keep a training diary please include as much information as possible for each

week highlighted below.

If you do not keep a training diary please include as much information as you can

rememeber for a typical week during that period of the year.

" PREVIOUS AND CURRENT TRAINING and RACING SCHEDULE |

please list your training and racing schedule during the 1st week of June 1995.

If applicable also include additional exercise such as weight training, stretching etc

TRAINING/RACING ' DURATION (TIME) INTENSITY

MONDAY

TUESDAY

' WEDNESDAY

THURSDAY

FRIDAY

SATURDAY

SUNDAY
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. . ‘ N a
PLEASE LIST your training and racing schedule during the 1st week of September 1995 P ge 3

. TRAINING/RACING DURATION (TIME) S lNT’ENSlTY

MONDAY

"TUESDAY .

WEDNESDAY

THURSDAY

FRIDAY

SATURDAY .

 SUNDAY

‘ PLEASE LIST your training schedule during the 1st week of December ‘l 995

TRAINING/BACING » DURATION (TIME) o INTENSITY

MONDAY

TUESDAY

WEDNESDAY

.- THURSDAY

FRIDAY

SATURDAY ' .

" SUNDAY

~ please list your CURRENT training and racing schedule. DATE =

. TRA!NIN(?/RAC!NG ‘ DURATION‘(TIME) ' : IﬁTENSlTY

'MONDAY .

 TUESDAY

- WEDNESDAY

THURSDAY

) FRIDAY

SATURDAY

SUNDAY
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