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Summary

Introduction: Maximal oxygen consumption (VOzmax) is @ measure of cardiopulmonary fitness,
and a strong indicator of risk of cardiovascular disease (CVD); with a lower VOzmax increasing a
person’s risk of CVD. The most reliable method of VOumax measurement is via maximal exercise
testing with direct analysis of expired air, commonly using the Bruce treadmill protocol. If, due
to physical limitations of the participant, or a lack of testing equipment, VO2max can be predicted

through equations.

The first aim of this thesis was to determine the repeatability of the Bruce protocol in measuring
VO.max. This was achieved through a literature review of previous Bruce protocol repeatability
research, and by conducting maximal and submaximal repeatability studies using the Bruce
protocol with healthy male adults. The second aim was to determine the reliability of prediction
equations used with the Bruce protocol to calculate VO2max, again through a literature review of
previous research in this area, and then comparing predicted and measured VO;max results from

the maximal testing study to determine their accuracy.

Study 1: The first literature review examined the previous research determining the
repeatability of the Bruce protocol in measuring VOzmax. Eleven studies were deemed eligible
for inclusion. All studies concluded that the Bruce protocol was repeatable in measuring VO2zmax,
although most findings were based on correlation coefficient analysis, which does not
accurately represent agreement between repeated measures. A learning effect was also noted

in some of the studies.

Study 2: The second literature review analysed previous literature examining different
equations used to predict VO2max following a Bruce protocol treadmill test. Seven studies were
deemed eligible for inclusion. It was found that a number of variables were used to predict
VOsmax, Which included exercise variables such as maximal test duration, heart rate, and
submaximal VO, extrapolated to maximal heart rate, as well as non-exercise data such as a
person’s age, body fat or body mass index. The main finding across the research was that the
American College of Sports Medicine (ACSM) equations consistently over-predicted VOzmax and

therefore should not be used.

Study 3: An initial research study was developed to examine the repeatability of the submaximal
Bruce protocol in predicting VOzmax in health male adults. The submaximal test was chosen to
establish a strict procedure for repeatability testing of the Bruce protocol, in a safe manner.

Eighteen participants completed the study, and completed three submaximal Bruce protocol
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treadmill tests, each a week apart. VO.max Was predicted using the Fitmate equation, chosen
from the results of the previous literature review. Using limits of agreement (LOA) analysis, a
wide range in differences between repeated VOamax predictions was found (LOA between Test 1
and Test 2: 4.86 to -10.35 ml-kgl-min?; LOA between Test 2 and Test 3: 6.67 to -7.96
ml-kg™-min). A learning effect was noted when the mean differences between repeated VOamax
predictions were examined, as the mean difference between Test 2 and Test 3 was much lower
than that between Test 1 and Test 2. Due to the large LOA across all repeated tests, this study

concluded that the submaximal Bruce protocol was not repeatable in measuring VOamax.

Study 4: The final study of this thesis aimed to examine the repeatability of the Bruce maximal
treadmill protocol in measuring VOamax, as well as to determine the accuracy of several VOjmax
prediction equations, identified through the second literature review. Fifteen healthy male
adults completed three repetitions of the maximal Bruce protocol, with a further four
participants completing two repetitions. VOamsx Was measured using a metabolic cart. Six
prediction equations were used to predict VO,max, and these results were compared to the
measured VOxmax Values. It was found that LOA gave a large range for VO,max differences
between Tests 1 and 2, but a smaller range between the second and third tests. The maximal
Bruce protocol was deemed not repeatable from the first to second test, but due to learning
effect noted, is likely repeatable at a third test. The most accurate prediction equation was that
by Bruce et al.! for active males (“Bruce 2” equation), while the ACSM equations were found to

be unreliable in predicting VO2max.

Conclusion: The current research has shown that the maximal Bruce protocol is repeatable in
measuring VOzmax but only after a full familiarisation session with the test. The submaximal
protocol, with VO,max predicted through an equation is not repeatable, based on the current
findings. Regarding VOamax prediction equations, the ACSM equations should be avoided, and
the “Bruce 2” equation appears to provide the most accurate result for healthy male

participants.
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Chapter 1: Introduction

Cardiorespiratory fitness, or a person’s maximal aerobic capacity, is measured as
maximal oxygen consumption (VOamax)?2. A person’s aerobic capacity is a strong
contributor to predicting a person’s risk of developing cardiovascular disease (CVD)%3,
with a high VOamax indicating lower risk. VO2max is most commonly measured with a
cardiopulmonary exercise test>*>. The VOamax results are used to aid prescription of
general and clinical exercise programmes® and measure cardiorespiratory fitness
improvement post exercise intervention’8. The test can also predict cardiovascular
disease risk? and determine normative cardiorespiratory fitness in healthy and clinical

populations®1:,

VO2max is usually measured using a treadmill or cycle ergometer. Research has shown
that the cycle ergometer yields lower peak VO, values compared to treadmill
testing??%3, likely due to a larger muscle mass being utilised during running compared
to cycling, which increases oxygen uptake!*. While there are many cardiopulmonary
exercise test protocols described in the literature, the Bruce Protocol for the treadmill
is the most commonly used protocol to determine VOamax>*6. It was first described by
Bruce et al.}” as a tool to aid diagnosis of coronary insufficiency and measure aerobic
capacity in people with cardiac disease, mainly to test those with mild to moderate
cardiac disease. At that time, single stage exercise tests could measure aerobic fitness
in those with severe cardiac disease, as one stage already brought these patients to their
maximal exertion; but single stage tests were not stressing enough for other patients
only mildly or moderately impaired by cardiac diseases. Therefore, a step-wise protocol
was devised to gradually increase workload for these individuals, and determine their
maximal effort safely. This original step-wise protocol was detailed with large speed and
treadmill incline increments?’, but it was refined by Bruce et al.! to the protocol
commonly used today, which starts at a grade of 10% and a speed of 2.7 km-h, and
increases by 2% incline after every three minutes, along with speed increments to 4.0
km-h?, 5.5 km-h?, 6.8 km-h?, 8.0 km-h?, 8.9 km-h?, 9.7 km-h* and 10.5 km-h at each

stage.
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As well as its original purpose, the Bruce Protocol has evolved to be used as a tool for
assessing aerobic capacity in various populations including healthy athletes®!d,
children?%2! and those with other health conditions such as diabetes?? and chronic
obstructive pulmonary disease?3. It has also been used to validate other VO,max testing

protocols in both paediatric and adult populations?428.

Due to its common usage clinically and in research, the validity and reliability of the
Bruce protocol is highly important. Repeatability is an element of reliability, where good
repeatability means that a test participant will get the same test result on repeated
tests, if they are conducted under the same testing conditions by the same tester, over
a short period of time?°. The addition of considering cardiorespiratory fitness as a factor
in determining a person’s risk of CVD greatly improved the accuracy of risk classification
and chance of all-cause mortality?. This risk classification contributes to intervention
planning, physical activity counselling, and prescription of exercise to improve a
person’s low VOzmax. Given that a person’s VOamax is used to determine their risk of
developing CVD, it is important that the VO2max is measured accurately. Researchers and
clinicians must be sure that they can rely on the VO2max measurement obtained when
using the Bruce treadmill protocol to determine a person’s cardiorespiratory fitness.
Furthermore, if the Bruce protocol is used to determine VOamax before and after an
intervention, it is important that the protocol is repeatable, so that any change noted
can be attributed to true physiological change in the person, and not merely due to
measurement variation in the protocol itself. Likewise, if the Bruce protocol is used to
validate new VOmax testing protocols, but it itself is not repeatable, then the validity of

these other protocols may be called into question.

For certain clinical populations completing a maximal exercise test is not safe or feasible
— perhaps due to cardiac conditions, balance difficulties or joint and muscle pain°. In
these cases, submaximal tests can be conducted, and prediction equations used to
calculate the person’s VO2max. Prediction equations may also be used in situations where
exercise testing equipment or trained testing staff are not available, or to save time and
cost3133, Determining an accurate VOamax value is important, but there is a risk with
prediction equations that the VOamax value will be under- or over-estimated3*3¢. By
using a prediction equation to determine a patient’s VOamax, the risk of incorrectly

2
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classifying their CVD risk level, or incorrectly estimating their response to an
intervention, is higher. This could subsequently negatively impact future interventions
and management for that patient?. While the use of prediction equations may be
unavoidable (if patients are unable to complete maximal exercise testing and VO2max
measurement) the risk of incorrect prediction of cardiorespiratory fitness should always

be taken into account.

In the literature, a person’s highest oxygen consumption can be referred to in two ways:
VO2max and VOazpeak, leading to debate on how VOamax should be defined. Some
researchers say that no change (or very small increase) in VO, despite an increase in
workload (i.e. a plateau in VO,) is required to confirm that a person reached their
VO2max*3738. The occurrence of a plateau in VO, is relatively low, however, with only
approximately 60% of adults reaching a VO, plateau, and even fewer in children, elderly
and clinical populations3®, as well as only 25-47% of elite athletes achieving the VO,
plateau during testing®°. Other criteria have been established to identify when a person
has reached their VO2max, in the absence of a VO, plateau®*! — but these criteria have in
turn been criticised for inconsistencies and difficulties in applying them across different
populations*?43, Therefore, some authors use the term “VOapeak” to define the highest
VO, achieved by participants during a maximal exercise test, which may or may not be
their VOamax. “VO2peak” has been described to best suit clinical populations, while
“VOa2max” is more appropriate for healthy individuals undergoing exercise testing??4*. As
this thesis will focus on healthy participants (with the exception in the repeatability
literature review where clinical populations were included) the term “VOamax” will be
used throughout in relation to maximal oxygen consumption. Exceptions to this will be

for referenced studies that specifically used the term “VO2peak” to describe their results.

The first aim of this thesis is to determine the repeatability of the Bruce treadmill
protocol in measuring the VO2max of healthy males. This will be achieved by conducting
a literature review of previous studies of Bruce repeatability, and conducting a maximal
Bruce treadmill study with the protocol being repeated on a number of occasions. The
second aim of the thesis is to examine the currently available prediction equations used
alongside the Bruce protocol to predict VO2max, and to examine their predictive accuracy
with the data collected during the maximal Bruce testing study.

3
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Chapter 2: Literature Review: The current evidence for the
repeatability of the Bruce Protocol in measuring VO2max

2.1 Introduction
As the Bruce protocol is the most commonly used treadmill protocol for determining
maximal aerobic capacity (VOamax)*>#>%¢, it is important that it is repeatable so that
whether used in research or clinically, the results are reliable and accurate. A reduced
VO2max increases risk of cardiovascular disease?® and so to ensure accurate
determination of risk, an accurate measurement protocol must be used. Repeatability
demonstrates that a measurement gives an accurate and unchanging reading when
conducted with the same participant under the same clinical settings by the same
tester?®. To determine this repeatability, the statistical analysis conducted on the data
is important. A number of statistical methods have been used for testing repeatability,

such as correlation coefficients*’, coefficients of variation*?, and limits of agreement®.

The aim of this literature review was to examine the previous studies of repeatability

into the Bruce protocol in measuring VO2max, in both healthy and clinical populations.

2.2 Methods
2.2.1 Search Strategy

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement was followed throughout the development of this review°. The online
databases of Embase, Medline, CINAHL and Web of Science were initially searched in
November 2018 to find studies relating to the repeatability of the Bruce protocol. The

III

search strategy was designed to combine the search terms “treadmill” or “exercise test”

with “Bruce” and “protocol”, along with validity and reliability terms such as
n u n u n i 7

“repeatability”, “reproducibility”, “predict”, “specificity”, “test-retest” and “evaluation”

(full list of search terms in Appendix 1, pg. 104).
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2.2.2 Eligibility criteria

The inclusion criteria for the repeatability review were as follows: studies published in
English, using the standard Bruce protocol or modified Bruce protocol, repeated on two
or more occasions where results looked at repeatability of the protocol (and not change
in VO2max Over time), in the same sample of participants. Participants could be healthy
or from a clinical population. The Standard Bruce protocol was defined as per the study
by Bruce et al.! with the treadmill beginning at a grade of 10% and a speed of 2.7
km-h?, increasing by 2% incline at every three-minute stage, along with speed
increments to 4.0 km-h%, 5.5 km-h?, 6.8 km-h%, 8.0 km-h?, 8.9 km-h%, 9.7 km-h* and
10.5 km-h at each stage. The Modified Bruce protocol included some form of warm-up
stage, generally beginning with two 3-minute stages of 2.7 km-h*at 0% incline and 2.7
km-h at 5% incline before continuing as the full standard Bruce protocol®. Studies that
examined the effect of a drug, dietary or exercise intervention, or that used the Bruce
protocol as a stress test in conjunction with imaging or electrocardiogram (ECG)
monitoring to diagnose cardiac conditions were excluded. Studies that were not
conducted with human participants, that had only paediatric participants, that used the
Bruce protocol only once to compare to or validate another protocol, or that used a
prediction equation to estimate VO2max from submaximal Bruce protocol testing were

also excluded.

2.2.3 Study selection and data extraction

The search was initially conducted in November 2018, and the search was repeated
again in May 2020 to identify any new publications. The titles and abstracts of all search
results were screened by two independent researchers against the inclusion and
exclusion criteria. Full texts of selected articles were then read and included in the
review if appropriate. Reference lists from included articles were reviewed to identify
any further appropriate studies. The full texts of all included studies were analysed, with

data extracted into a standardised template.

2.2.4 Quality appraisal

Reporting quality and risk of bias was assessed in each included study, following the

Appraisal tool for Cross-Sectional Studies (AXIS)>? to assess the quality of reporting in
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observational longitudinal research (Appendix 2, pg. 105). This tool comprises twenty
qguestions relating to the information reported in the study, covering study aims,
participant recruitment, description of methods and statistical analysis used,
consistency of results reported, discussion and limitations of the study, and ethical
considerations. A score out of twenty was given to each study, with a higher the score

indicating better quality of reporting.

2.3 Results
2.3.1 Study selection

The search strategy yielded a total of 1,502 studies, and following the screening process,
eleven studies were identified for inclusion in this review”5361 The PRISMA flow

diagram®° detailing the full screening and selection process can be seen in Figure 2.1.
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Figure 2.1 Flowchart for literature selection process
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2.3.2 Quality Assessment

The mean AXIS score for the studies was 10.9/20 (standard deviation *2.6; range = 8-
17). The studies scored highly in areas relating to suitability of study design and
measurement methods used, as well in providing appropriate and complete results in
relation to the described methods. The studies generally scored low in areas relating to
participants: identifying and describing non-responders, justifying the sample size, and
having an appropriate selection process. Scores were also low in relation to determining
statistical significance and precision estimates. Only two studies®>®! scored higher than
65% in the assessment, indicating that the risk of bias was high across the included

studies. The full results can be seen in Table 2.1.

2.3.3 Participants

From the eleven studies examining the repeatability of the Bruce protocol, seven tested
only healthy populations!’>3->760 three examined people with cardiac conditions>8>°61
and one examined both healthy people and people with cardiac conditions!. Two
studies'”>® did not give gender details, but examining all available gender data, it was
found that 58.4% of subjects in the studies were male. The number of participants per
study ranged from six®° to seventy-ninel. The full breakdown of study details can be

seen in Tables 2.2 and 2.3. “Nil specified” has been written in these tables for sections

where no information regarding this category was provided in the study articles.

2.3.4 Pre-test instruction and familiarisation

There was a wide variation in the instructions given prior to the exercise test. Four
studies provided no information regarding instruction!”>361 The remaining studies
gave direction regarding the duration of fasting required before testing, which ranged
from two hours®®°%> to a full night®’, as well as instruction about levels of physical
activity allowed before testing. Two studies encouraged participants to maintain a
stable weight throughout their testing period>*°. There was also variation between

studies regarding the level of familiarisation with equipment allowed prior to testing.
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Table 2.1 AXIS risk of bias assessment®?
Bruce et Profant et Bruce et Froelicher Ho* Nordrehaug Fieldinget Cookeet @ Jakovljevic Hall-Lopez = Harwood et
al.’ al.s3 al.! Jretal.®* et al.’® al.>’ al.5® et al.>® et al.s° al.5!

© 0N UAWNE

(SRS
NP O

13.*
14.
15.
16.
17.
18.
19.*
20.
Total 9/20 11/20 10/20 8/20 11/20 8/20 12/20 12/20 13/20 9/20 17/20
Positives 45% 55% 50% 40% 55% 40% 60% 60% 65% 45% 85%

*For Questions 13 and 19, Yes is a negative answer, no is a positive answer.
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Table 2.2 Comparison of results across eleven repeatability studies (a)

Participant numbers/ descriptions | Type of protocol Instructions prior to Familiarisation or warm up (extra to Handrail use
testing protocol)
Bruce et 17 healthy participants (no further | 3-minute stages: Increments in Stages | Nil specified Nil specified Nil specified
al.’ specifics given) 1-4: speed 2.7 km-ht = 55 km-ht >
8.0 km-ht > 9.7 km-h’. Grade:10%
2> 14% > 18% > 22%
Profant et 37 healthy middle-aged women Standard Bruce Nil specified Nil specified Nil specified
al.s (age range 29-70 yrs)
Bruce et 35 healthy males, 32 healthy Standard Bruce Nil specified Nil specified 1-2 fingers support
al.! females, 12 male patients with as required to
cardiac disease maintain position
Froelicher 15 healthy males. Standard Bruce Keep weight/ PA stable. Nil specified No support allowed
jr.etal.®* Mean age 31.5 yrs (+ 11.4 yrs) Fasting x4hrs before test
Ho* 24 healthy males. Standard Bruce Keep weight/ PA stable Familiarisation with treadmill walking No support allowed
Mean age 43.1 yrs (£11.5 yrs) throughout study and Douglas bag
Nordrehau | 10 healthy males. Standard Bruce Fasting x 2hrs before test | Two full Bruce protocols completed for Nil specified
g et al.® Mean age 35 yrs (11 yrs). familiarisation 1 week before testing.
Fielding et | 17 healthy females. Modified Bruce (start 3.2 km-h? at Fasting overnight. 1 Warm up: 2 mins (3.2 km-h™, 0% grade) | No support allowed
al.>’ Mean age 59 yrs (+ lyear). 10% incline instead of 2.7 km-h?) caffeine-free snack 1 and 2 mins (3.2 km-h, 10% grade). Rest
No regular PA. hour before testing. X 5mins.
Cooke et 12 heart failure patients (NYHA II- Both Standard and modified Bruce Fast x2hrs. No alcohol/ Nil specified Nil specified
al.’® 1) (no further specifics given) protocols (not specified which caffeine before tests.
participants did which protocol)
Jakovljevic | 15 male & 4 female patients with Modified Bruce protocol (no further Fast x2hrs. No alcohol/ Familiarisation on treadmill, few days Nil specified
et al.>® chronic heart failure (NYHA Classes | details given) caffeine before tests before testing.
I-11). Mean age 62 yrs (+11 yrs).
Hall-Lopez | 6 healthy males. Standard Bruce protocol with warm No PA x24hrs, fast x4hrs, | 5-minute warm up, 5km-h%, 0% incline Nil specified
et al.®® Mean age 23.4 yrs (+1.3 yrs). up beforehand be well hydrated
Harwood 11 males and 1 female with known | Modified Bruce, starting 2.7 km-h™* at | Nil specified Familiarisation, not specified if on same | Nil specified
et al.®! AAA. Mean age 75.4 yrs (5.5 yrs) 0% incline or different day to testing

Key: yrs = years; PA = physical activity; NYHA = New York Heart Association; AAA = abdominal aortic aneurysm; hrs = hours; s = seconds; km-h! = kilometres per hour
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Table 2.3 Comparison of results across eleven repeatability studies (b)

Number of | Duration between | Statistical analysis used Statistical results for VOmax Statistical results for test duration
repetitions | repetitions
Bruceetal.l? |2 Several days Nil specified “Virtually identical”; “Change was not significant” Nil specified
Profant et 2 Weeks cC “Satisfactory” reproducibility. CC: r=0.86 Nil specified
al.’3
Bruce et al.! 2 Days to weeks cC Healthy population CC: r=0.990. Cardiac patients CC: Nil specified
r=0.945. “Excellent reproducibility” for both.
Froelicher Jr 3 Minimum 1 week, Ccv; CV=4.4% (range 1.2-8.5%). No difference between Longer duration in 2" and 3™ tests,
etal.>* maximum 5 weeks | statistical test (not specified) repeated tests (no p values given). (p<0.001)
Ho% 3 Minimum 1 week, Cv; CV 9.7%. Significant difference between 1%t and 2" CV = 5.5%. No statistical difference
maximum 9 weeks | 2-way ANOVA tests, and between 1%t and 3™ tests (p<0.001) between repeated tests (no p value
given).
Nordrehaug 2 1 week CG; CC: r=0.94 (no p values given). CV=5%. Nil specified
et al.5¢ cv
Fielding et 5 At least 1 week CG; CC test 1 to test 2: r=0.75, p=0.0005 (significant Test 1 to test 2: r=0.81, p<0.0001
al.>’ Cv; correlation). CV=6.5%. No significant difference over 5 | (significant correlation).No significant
ANOVA tests (p=0.78). difference over 5 tests (no p value given)
Cookeetal®® | 2 At least 4 weeks Ccv; CV = 4.7%. No significant difference between 1t and Nil specified
Student t-test; 2" tests (p=0.1). LOA: -25ml-min* to 55.6 ml-min
LOA; (mean difference: 15.8ml-min)
Repeatability coefficient
Jakovljevicet | 2 Within one week CG; CC: r=0.97. CV=3.8%. Significant difference between Strong correlation: CC: r=0.95. Significant
al.’>® cv; tests: p=0.03. LOA: -5.3 to 2.7 ml-kg**min! (mean difference between tests: p=0.00.
LOA difference: -1.3 ml-kg*min?) CV=7.1%. LOA: 183s to 61s (mean
difference = 615s)
Hall-Lopezet | 2 10 minutes, tested | CC(r); “High reproducibility”. Nil specified
al.s° on same day Determination coefficient (r?) | CC: r=0.907; r? = 0.823 (no p values given)
Harwood et 2 Maximum one CG; (IcQ) Significant correlation: CC: r=0.927 No significant difference between tests,
al.s! week cv; cV=7.1% with significant correlation: CC: r=0.967

Paired t-test

No significant difference between tests (p=0.001).

(p = 0.000)

Key: CC = correlation coefficient (r); CV = coefficient of variation; ANOVA = analysis of variance; s = seconds; HR = heart rate; LOA = limits of agreement
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2.3.5 Protocols and procedures during testing

The first use of the Bruce protocol was in 19637 where the test started at the standard
2.7 km-h! speed and 10% grade but had larger increments in speed and grade in
subsequent three-minute stages. The Standard Bruce protocol® established in 1973 was
used for five studies with no warm up°3->¢, while the study by Hall-Lopez et al.®® used a
five-minute warm up followed by a rest prior to testing with the standard protocol.
Various modifications of the protocol were followed by three studies®’>%¢! (Table 2.2).
Finally, Cooke et al.>® stated that either the standard or modified Bruce protocol was
completed and repeated by their participants, but did not specify which participants
followed which protocol. The number of repetitions to determine repeatability was two

1,17,53,56,58-61 "\while Froelicher Jr et al.>* and Ho> held three

repetitions in eight studies
repetitions each, and Fielding et al.>” conducted five repetitions in their study. There
was variation in the gap between repeated tests, with studies ranging from ten

minutes® to a possible nine weeks®>>.

2.3.6 Repeatability of VO2max measurement

The original study by Bruce et al.}” gave no specifics regarding repeatability, merely a

|II

statement that the VOamax values measured were “virtually identical” between the first
and second tests. Seven of the studies3°6>75961 reported correlation coefficients
varying between 0.75°” to 0.99%. The coefficient of variation, used in seven of the studies

to determine repeatability of VO2max measured®>%61, ranged from 4.4%°* to 9.7%"°.

Five of the studies used paired-samples t-tests or analysis of variance (ANOVA) as part
of their analysis to determine repeatability of VOamax/VO2peak measurements between
tests>>°75961 The studies by Ho> and Jakovljevic et al.>® did find significant differences
between the repeated VOamax/ VO2peak measurements, while the studies by Fielding et
al.>’, Cooke et al.>® and Harwood et al.®* did not. Only two studies used limits of
agreement>®>°, with Jakovljevic et al.>® reporting a mean difference of -1.3
ml-kg-min in VO2max between repeated tests, and a range in limits of agreement of
-5.3to 2.7 ml-kgt-min"t which are assumed to be the 95% confidence intervals (95% Cl).
Cooke et al.”® reported limits of agreement to be -25 to 55.6ml-min* — however, the

results are difficult to interpret as the graphical representation of the limits of

11



Trinity College Dublin (TCD) Kate Macnamara

agreement was much larger than the stated limits in the text. All studies concluded that

the Bruce protocol had good repeatability in measuring VO2max.

2.3.7 Duration of repeated tests

The same statistical tests were used to analyse the duration of the repeated exercise
tests in five of the studies, with varying results®*>>°7>%61  Correlation coefficients
showed a strong relationship between repeated exercise test length in four

56,57,59,61

studies , With r values ranging from 0.74°% to 0.967°. The coefficient of variation

between test durations in three studies were found to be 5.5%°°, 7%°® and 7.1%>°.

1. reported “no significant difference” between test durations, while the

Harwood et a
study by Froelicher Jr et al.>* concluded that test duration significantly increased from
the first to second test, and from the second to third test — however, neither study
specified which test of significance was used. A paired-samples t-test showed a
significant increase from the first to the second test in the study by Jakovljevic et al.>?
(p<0.05), and this study was again the only one to use limits of agreement to analyse

the difference between test durations; with a mean difference of 61 seconds, with

assumed 95% confidence interval limits of agreement between -183s to 61s.

2.4 Discussion

2.4.1 Search strategy and quality assessment

The studies included in this review span six decades, reflecting the long period of time
that the Bruce protocol has been in use. Despite this, only eleven studies were
identified, through a detailed and in-depth search, that examined the protocol’s
repeatability. The quality of reporting was generally low, especially in the earlier
studies1”°3-6 and that by Hall-Ldpez et al.®°. Relating to selection of participants, only
one study®?! justified their sample size, as well as providing a flowchart of participants
included and excluded. No study discussed “non-responders”, described by Downes et
al.>? as a difficult area to address due to the very limited information available to
researchers about those who do not respond to recruitment. The authors of the AXIS
tool stated that some baseline characteristics may be available, and that methods of

recruitment should be clearly documented, to allow readers to determine whether the

12
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study sample is representative of the target population: something that none of the

included studies described.

Most studies did not clarify the level of statistical significance set in their analysis, as
well as being unclear in the statistical methods used. As the repeatability of the Bruce
protocol is dependent on the statistical results comparing repeated measures, this
shortfall in the risk of bias assessment lowers the quality and reliability of results from

included studies.

2.4.2 Participants

There was a majority of male participants across the eleven studies, compared to
females. Participant numbers also ranged greatly across the studies, with eight of the

eleven studies including less than twenty participants?>4°6-61

. Smaller sample sizes can
lower the weight or impact that statistical results provide, and call into question the
validity of the study findings®?%*. These small studies were included in this review
despite their sample sizes, due to the low volume of research available examining the

repeatability of the Bruce protocol.

2.4.3 Heterogeneity of pre-test instructions

There was wide variation in pre-test instructions given to participants across the
included studies. Generally, earlier studies*”>3 as well as the later Harwood et al.%?
study gave no details on pre-test instructions or considerations. There were clearer
instructions regarding duration of fasting, levels of physical activity allowed during the
testing period and resting on the testing days given in the remaining studies®>*®°. To
ensure accurate estimation of repeatability, it is important that there is consistency
between each test repetition regarding how a participant prepares for the day, and
what they do in the time between tests. This allows for clearer analysis of results of the
repeatability of the treadmill test itself, as differences and changes in results can be
attributed to the test, rather than variation in the participants from one day to the next.
By failing to address these variables, the reliability and validity of the earlier studies’
repeated tests was weakened, as it could not be confirmed that identical test

procedures and conditions were met at each repetition.

13
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2.4.4 Variation in protocol design and procedures

Consistency in testing procedures and protocols is also vital when testing repeatability.
Variation was again noted between studies in the protocols followed, mainly with the
first stage of the test varying in speed and grade. There was also some inconsistency
within the descriptions of the study protocols in the studies themselves, regarding
handrail use, durations between repeated tests, and or if familiarisation with the

protocol was allowed.

6567 or can deteriorate over time

It is known that VOamax increases with exercise training
if no exercise training is maintained®7’°, Therefore, a short, consistent duration
between repeated tests is preferable. The later studies®®>7>%6 strove to achieve this,
with repeat testing generally one week apart and no test repeated on the same day. The
earlier studies were vague when describing the duration between tests, stating only

ni1l7 u«

“several days”'’, “weeks”>3

”1 as was the study by Cooke et

, and “days to several weeks
al.>® which stated there were “at least four weeks” between repeated tests. It is not
clear if participants all had an equal duration between their repeated tests, and so
findings could have been influenced by this inconsistency. In repeatability testing, every
attempt should be made to keep consistency within variables wherever possible.
However, participant availability, change in schedule, and availability of the equipment
to be used can account for some small variation in duration between testing, as with

human participants and with exercise testing it can be difficult to keep every variable

controlled.

The shortest duration between tests was in the study by Hall-Lépez et al.®°, who
conducted both repetitions of the maximal test on the same day with ten minutes rest
between them. No adverse outcomes were reported from doing two maximal treadmill
tests in one day; however, it is difficult to see how fatigue would not impact the

repeatability measured in this study.

Another issue with the described protocols related to handrail use during testing, which
was not clarified in most of the studies’3°%°861 degspite handrail support being known
to increase exercise test duration and reduce submaximal VO, and heart rate (HR)

measurements’?72.
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2.4.5 Familiarisation and Learning effect of treadmill testing

A learning effect is when the duration of the test, or the physiological results measured,
are improved in a second test, because the subject has become familiar with what the
test entails’>74. This is therefore an important factor that needs to be considered in this
review when exploring the repeatability of the Bruce protocol. The earlier studies'*”->3,
and that by Cooke et al.’8, did not take learning effect into consideration when
describing their protocols. Participants had an opportunity to walk on the treadmill in
the studies by Nordrehaug et al.’®, Fielding et al.>’ and Hall-Lopez et al.®®, for
“familiarisation” with the testing equipment, but no further discussion on the topic was

provided. Harwood et al.®!

allowed familiarisation with the treadmill prior to testing,
stating that this was done to avoid any learning effect in the results. The authors
attributed the small differences in results between repeated tests to variations in

participant motivation and participant effort, and did not further discuss learning effect.

Three studies examined learning effect with the Bruce protocol®*>>*°, each dealing with
the topic differently. Froelicher Jr et al.>* did not take any measures prior to testing to
compensate for learning effect, with no warm-up or familiarisation provided. They
noted an increase in treadmill test duration from first test to second and third tests, and
reduced heart rate and oxygen consumption for similar workloads between the first
test, and the second and third tests completed. They hypothesised that this was caused
by reduced anxiety in participants when completing a familiar test and noted that
“habituation” must be considered when examining the repeatability of a treadmill test.
In contrast, Ho>® allowed their participants to familiarise with the treadmill and the gas
analysis equipment before testing, so that “test results would not be affected”. Their
participants had a significant increase in VO2max and duration between their first and
second tests. The authors put these differences down to learning effect, as there was
no significant difference between second and third repeats of the Bruce protocol, and
concluded that the test was repeatable. The studies by both Froelicher Jr et al.>* and
Ho>> examined other protocols besides the Bruce protocol, with participants completing
multiple treadmill tests over nine>* or fifteen>> weeks. As each participant becomes
more familiar with treadmill exercise testing over the testing period, it is possible that

learning effect could have caused improvement in results, rather than a true variation
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in the measurement ability of the protocol itself. Jakovljevic et al.>® also allowed walking
practice on the treadmill as a familiarisation method and found an increase in treadmill
test duration from first to second test. They reasoned that this was due to a learning
effect, but concluded that as the change in VO2max measured between repeated tests
was minimal (1.3 mlt-kg*-min), this learning effect was most unlikely to have “clinical

implications”.

Other studies looking at the learning effect in exercise testing found varying results.
Some found a definite learning effect for increased duration or oxygen consumption on
repeated exercise testing’4’%. Other studies queried the influence of a learning effect in
cardiopulmonary exercise testing, regarding its effect as minimal and not clinically
important’>, These studies examined cycle ergometer testing instead of treadmill
testing, however, and the difference in mode of exercise could play a role in the size of
the learning effect. A participant’s expectations of testing may also influence their
exercise test outcomes. Several studies compared outcomes during known and
unknown durations of exercise in their participants. The rating of perceived exertion
(RPE) increased, while heart rate and submaximal VO, measurements reduced, during
exercise of unknown duration®-82, The authors hypothesised that with an unknown
exercise duration, participants become physiologically more economical, to prepare for
the exercise duration that may be to come. Arguably, once a person has completed one
maximal Bruce protocol test, they may have higher orimproved results on a second test,
simply by now understanding what to expect, how long the test may last, and how
difficult it may feel to them during the test. The attention paid to learning effect in
previous Bruce protocol studies has been minimal, although clearly it can have a

significant influence on results.

2.4.6 Differences in statistical analysis of data

Correlation coefficients (CC) are used to determine the strength and direction of the
relationship between two variables®. This statistic was used in seven of the ten studies
in this review to compare repeated VOamax measurements’>3°6>73%-61 High correlation
results led the authors to conclude that there was a high level of repeatability for the

Bruce protocol. The use of correlation coefficients to determine agreement between
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two variables was challenged by Bland and Altman®4, as correlation coefficients do not
demonstrate the difference or variation occurring between the two sets of results. Since
the same variable (i.e. VO2max) is being measured in the same participant using the same
test, it is expected that there will be a strong relationship between both test results —
as the participant’s VO2max should not have changed between the two test sessions. As
correlation coefficients do not have the ability to determine repeatability, claims of

repeatability based on correlation coefficients are hard to support.

The coefficient of variation (CV) describes how much a set of values varies from its
mean, and is calculated by dividing the mean by the standard deviation, then multiplying
this by 100 to get a percentage of variation®. The CV was another popular method of
analysis used to examine repeatability. The within-participant variance is most
important for repeatability studies, to see the change in measurement from a person’s
first test to their second®. If the coefficient of variation is calculated between the
participants, this will not give any information regarding the repeatability — merely how
the participants vary from one another. Of the seven studies that used CV, four did not
explain their methods of calculation®>>7>861, Froelicher Jr et al.>* obtained the CV for
each individual across their three trials of the Bruce protocol, then averaged the fifteen
CVs to get an overall CV for the Bruce protocol’s repeatability. The researchers of the
final two studies did explain their methods, however there is some variation between
the descriptors used. Jakovljevic et al.>® used the within-person standard deviation
(defined by Bland and Altman®” as the common standard deviation of repeated
measurements from a group of people) in their calculation, while Nordrehaug et al.>®
used just a standard deviation of repeated measurements — not specifying if this is
within-subject, or an average of the subjects standard deviations. A further comment
on the use of CVs by Froelicher Jr et al.>* and Ho>® is that, as the authors were analysing
other protocols alongside the Bruce protocol, they focused more on the similarities of
the CVs between the different protocols and how all were equally repeatable than on
the significance of the Bruce protocol’s CV itself. With differing methods of calculating
the coefficient of variation, and a difficulty in confirming which methods were used by
each author, it is challenging to compare the results from each study, and come to a

firm conclusion on the repeatability of the Bruce protocol in measuring VO2max.
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Bland and Altman3* described how to plot the limits of agreement (LOA) of two data
sets, by comparing the differences between two measurements to the mean of both
measurements, and determining the range of variation in the repeated data. They
stated that 95% of all data points should lie between + 1.96 standard deviations from
the mean of the collected data; therefore, outliers as well as any variation between
repeated tests will be clearly identifiable, and will give a better interpretation of the
repeatability of the test. Jakovljevic et al.>® and Cooke et al.>® were the only authors
that looked at LOA. Jakovljevic et al.>® found a 95% LOA of -5.3 ml-kgl-min? to 2.7
ml-kg>-min’t, with a mean difference of -1.3 ml-kg'-min?. Despite this range of 8
ml-kg'*-min’, the authors concluded that their protocol was sufficiently repeatable.
Cooke et al.”® reported their results in ml-min for VO2max and found LOA between -25
to 55.6 ml-min? (mean difference 15.8ml-min’'). However, the graph presented by
Cooke et al.>® demonstrating the LOA of VO2max does not match the results in the text,
therefore making comparison to the other studies difficult — as well as reducing the
reliability of the results from the Cooke et al.>® study. As the results were presented in
ml-min? without details of bodyweight by Cooke et al.?® it is also difficult to convert
results to the same units to compare these limits of agreement for this review. However,
the range in VOamax differences demonstrated in both studies is wide, and neither study
considered the possibility that this range is due to inconsistency in repeatability of the

Bruce protocol itself.

2.5 Conclusion
Research into the reliability and repeatability of the Bruce protocol spans several
decades. Evidence based on correlation coefficients and statistical tests has led to
conclusions that the Bruce protocol in repeatable. Both studies that used limits of
agreement to determine repeatability, however, found a wide range in VO2max>>>° and
duration®® between the repeated measurements. This indicates a further need for
investigation into the repeatability of the Bruce protocol. A consistent, standardised
protocol for how to conduct the Bruce protocol treadmill test, with clear instructions

and processes is required to ensure accurate testing and repeatability every time it is
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used; this currently does not exist, as can be seen by the variations from study to study
in the methods for conducting the Bruce protocol. Learning effect and its role in
repeatability studies should also be more closely monitored and studied in the future,
as it has been shown to affect test duration, and submaximal VO and heart rate values.
This may have an influence on VO,max measurements and on the repeatability

conclusions formed regarding the Bruce protocol.
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Chapter 3: Literature Review — A review of the reliability of
equations used to predict VOamax Used alongside the Bruce
protocol

3.1 Introduction
Cardiorespiratory fitness is commonly viewed as one of the most important indicators
of cardiovascular disease risk and a measure of all-cause mortality?. The gold standard
method of determining a person’s VOamax is through maximal exercise testing and
analysis of expired air>*28, In certain cases a maximal test is not possible, due to medical
conditions or physical limitations°, or if testing equipment is not available, or to save
on time and cost3133, Prediction equations can be used in these cases to calculate VO2max

8991 or by using non-exercise variables such

either using submaximal exercise test data
as gender, body mass index or physical activity levels®?24. However, there is the risk that
predicting VOamax instead of directly measuring it through maximal exercise testing, that
the value will be over- or under-estimated3*3®, This could influence future interventions

and management for the tested person?.

There are many varying equations used to predict VOamax, incorporating both exercise
and non-exercise variables to determine a person’s cardiorespiratory fitness. It has been
shown that equations can be population-specific, with varying accuracy and reliability
depending on the population with which they are used, and therefore equations should
only be used to estimate VOxmax in the population for which it was devised3>%°%°, To
control for the differing effect of exercise on healthy populations versus those with
clinical conditions, the aim of the current review was to examine prediction equations
developed for use with the Bruce protocol, or compared to data taken from the Bruce
protocol, to determine which specific equation, or which variables, best influenced the
accurate prediction of VOamax. The Bruce protocol was chosen, as it is the most

commonly used protocol for cardiopulmonary exercise testing.
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3.2 Methods
3.2.1 Search Strategy

The Preferred Reporting items for Systematic Reviews and Meta-Analysis (PRISMA)
statement was used to guide development of this literature review™. A search strategy
was developed to search four databases (Embase, CINAHL, Web of Science, and
Medline) for articles that compared VOamax predicted through equations, to VO2max
measured using the Bruce maximal treadmill test protocol. Search terms included
“exercise test” and “treadmill test” combined with “Bruce”, and these were cross-

searched with terms such as “evaluation study”, “prediction”, and “validation study”

(full list of search terms in Appendix 1, pg. 104).

3.2.2 Eligibility criteria

The inclusion criteria were as follows:

e articles written in English;

e atleast 20 healthy participants aged 18 years or older;

e VOymax directly measured with participants completing a maximal Bruce
treadmill protocol;

e VO2max predicted using equations that require either data taken from the Bruce
protocol exercise test, or resting/anthropometric data;

e inclusion of the specific equation used, or clear citation of where the equation
originated.

Studies were excluded if:

e participants had any cardiac condition;

e the study examined the effect of exercise, drug, or dietary interventions;

e the study used magnetic resonance imaging (MRI) scanning during testing, or
assessed the diagnostic value of ECG changes;

e the study used non-human participants; or

e the study formulated regression equations to predict VO2max but did not validate
their equation.

3.2.3 Study selection and data extraction

The search was initially carried out in February 2019, and repeated in July 2019, to
identify any new publications. Using the screening and data extraction software,
Covidence, the titles and abstracts of the full list of search results were reviewed
independently by two researchers and compared to the inclusion and exclusion criteria.

The full texts of selected articles were then read and analysed by the same two
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researchers, and included for the literature review if deemed appropriate. Any conflicts
in decisions were discussed between the two researchers until agreement was reached.
Reference lists from included articles were then reviewed, and any studies fitting the

inclusion criteria were also included.

Following this process, the studies chosen for inclusion underwent quality appraisal, and

were then analysed, with data extracted into a standardised template.

3.2.4 Quality appraisal

Risk of bias and the quality of reporting was assessed using the Appraisal tool for Cross-
Sectional Studies (AXIS)*? (Appendix 2, pg. 105). This tool has twenty questions
regarding reporting, including areas such as study aims, participant recruitment,
description of methods used and statistical analysis done, as well as consistency of
results and discussion provided. No scoring system is recommended by Downes et al.>?;
therefore, for the purposes of this review, a point was awarded for every “yes” answer
(excluding questions 13 and 19, for which a “no” answer was considered positive, and
was awarded one point). Each study was given a score out of twenty, and the higher the

score, the better the quality of reporting in the study.

3.3 Results
3.3.1 Study selection

The PRISMA flow diagram (Figure 3.1) demonstrates the results of the study screening
and selection process. After duplicates were removed, a total of 1358 studies were
identified. Following screening, a final total of seven studies were included for
review31:100-105 The full breakdown of the data extracted from each study can be seen

in Tables 3.1 and 3.2.
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Figure 3.1 Flowchart for literature selection process

3.3.2 Quality Assessment

The mean score across the seven studies from assessment with the AXIS tool*? was
11.14/20 (+2.97) (Table 3.3). Across the board, the studies were strong in identifying
their aims, choosing an appropriate study design, measuring suitable variables, and
providing internal consistency when displaying their results. They were all poor,
however, in justifying their sample size, and discussing “non-responders”. There was no
discussion in any study regarding drop-out of participants, the specific process of
inviting volunteers, or the selection process utilised. The study by Jackson et al.}% had
the lowest score, and was poor in defining its target population and included
participants, as well as lacking sufficient detail regarding testing methods to allow for
the study to be repeated. The study by Koutlianos et al.1, in contrast, scored relatively
highly, only losing marks in areas where all seven studies were lacking (justifying sample

size and defining “non-responder” information).
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Table 3.1 Comparison of study details across seven predictability equation studies (a)

Participant Instructions / Equation used; (maximal or submaximal Bruce treadmill test) Variables used in Equations
information familiarisation
Jackson et | 1,604 males aged | Nil specified Regression eq.: VOzmax = 47.9 — (0.27 x age) + (3.41 x PA questionnaire) — (0.2 x fat % x PA ® Age (years)
al. 100 25-70 years questionnaire); (variables are non-exercise, maximal or submaximal test not applicable) ® PA questionnaire (score)
® Fat % (body fat as %)
Grant et 15 males, and 15 3 minutes Eq. 1: Male VOzmax = 3.88 + 0.056 x duration'®’; (maximal treadmill test) Duration (seconds)
al. 10t females, aged 18- | walking on EqQ. 2: Female VOzmax= 1.06 + 0.056 x duration'’; (maximal treadmill test)
35 years treadmill for Egs. as above for male (Eq. 3)/female (Eq. 4) for 85% VO, (use duration from submaximal Bruce
familiarisation protocol to 85% HR Reserve). VOamax = (85% VO, x 0.174) + 85% VO,; (submaximal treadmill test)
Maeder 33 males, 10 No vigorous PA American College of Sports Medicine (ACSM) eq.; (maximal treadmill test) ® TM speed (m'min?)
et al.10? females, aged 30- | on day of testing | Not specified if ‘walking’ or ‘running’ eq. used. o Grade (% TM incline, decimal)
41 years
Lee et 32 males, and 16 No food/PA x 4 1. ACSM walking eq.: VO, = (speed x 0.1) + (speed x 1.8 x grade) + 3.5; (submaximal treadmill test). | ® TM speed (m-min’?)
al.3! females, aged 18- | hours before Calculate the above for stages 1-3 of protocol, then calculate line of best fit through 3 data points e Grade (% TM incline, decimal)
59 years testing. relating to HR and predicted VOamax. Extrapolate to predicted HRmax for VOzmax ® HR (beats per minute)
? familiarisation: | 2. Fitmate eq.: VOamax = linear regression between measured HR and measured VO, during ® HRnmax predicted = 220 - age
submaximal submaximal test, extrapolated to HRnax predicted; (submaximal treadmill test) (in years)
Bruce completed | 3. Fitmate eq. with measured HRmax: Linear regression of submaximal measured HR and VO, data (as
first. above), extrapolated to measured HRmax (measured during maximal Bruce protocol) to estimate
VOzmax; (Submaximal treadmill test)
Koutliano | 55 male athletes, Avoid caffeine & | 1. ACSM running eq.: VO, = (0.2 x speed) + (0.9 x speed x grade) + 3.5; (maximal treadmill test) ® TM speed (m'min?)
setal.l® | meanage28.3 alcohol x 2 hours | 2. Enter regression eq.: VOamax = 58.443 — (0.215 x age) — (0.632 x BMI) — (68.639 x grade) + (1.597 x | ® Grade (% TM incline, decimal)
years before testing duration); (maximal treadmill test) ® Age (years)
3. Stepwise regression eq.: VOamax= 33.971 — (0.291 x age) + (1.481 x duration); (maximal treadmill | ® BMI (kg:-m™)
test) e Duration (minutes)
Nitin et 20 males aged 18- | No food x 3 1. VO3zmax = (0.046 x weight) — 0.012 (Variables are non-exercise, maximal or Body weight (kg)
al.10 30 years hours before 2. VOzmax = (0.04 x weight) + 0.232 submaximal test not applicable)
testing 3. VO3max = (0.018 x weight) + 1.212
Crouse et | 472 male college Nil specified 1. Bruce active males eq.: VOzmax = (3.788 x duration) + 0.19; Duration (minutes)
al.10s students aged 17- 2. Foster eq.: VOamax = 14.8 — (1.379 x duration) + (0.451 x duration?) — (0.012 x duration3);

25 years

3. Football eq. (regression eq. developed in current study): VOamax = (4.017 x duration) — 4.644; (all
three egs. are for maximal treadmill test)

Key: PA = physical activity; Eq. = equation; Egs. = equations HR = heart rate; HRmax = maximal heart rate; TM = treadmill; BMI = body mass index.
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Table 3.2 Comparison of study details across seven predictability equation studies (b)

Statistics used: Measured vs Predicted VO3max

Results comparing Measured and Predicted VOzmax

Jackson et al.'®

Grant et al.1?

Maeder et al.'®?

Lee et al.3!

Koutlianos et
aI 103

Nitin et al.’®*

Crouse et al.1%®

CC

e CC;
e Standard error of estimate used to calculate CV

CcC

® Repeated measures ANOVA to compare measured
VOsmax and all predicted VO,max values

e CC toindividually compare each predicted VOomax to
measured VOamax

e LOA plots comparing each equation individually to
the measured VOjmax

CcC

LOA, results compared using paired t-tests
Repeated measures ANOVA to compare between
equations.

Not specified: statistics used to compare measured vs
predicted VO max

CC:r=0.79.

Conclusion: satisfactory correlation / equation predicts accurately

1. Males Bruce max test: CC: r=0.49 (p < 0.1); CV = 8.8%.

2. Females Bruce max test: CC: r =0.92 (p < 0.01); CV = 7.4%.

3. Males Bruce Submax test: CC: r = 0.59 (p < 0.05); CV = 8.1%.

4. Females Bruce Submax test: CC: r=0.82 (p < 0.01); CV = 11.9%

Conclusion: Bruce equations valid for use in females; inconclusive results for use in males
CC:r=0.52

Conclusion: Bruce protocol with ACSM equation gives poor prediction of VOzmax

1. ACSM equation: ANOVA: significant difference (p = 0.01); CC: r =0.758 (p < 0.01)

2. Fitmate equation: ANOVA: no significant difference (p = 0.152); CC: r = 0.897 (p <0.01)

3. Fitmate with measured HRmax: ANOVA: significant difference (p = 0.01); CC: r = 0.894 (p <0.01)
Conclusion: Better estimate for VO,max With Fitmate equation/method, rather than with ACSM
equation

CC:

1. ACSM equation: r =0.27

2. Enter regression equation: r = 0.64

3. Stepwise regression equation: r = 0.61

Conclusion: ACSM equation over-estimates VOamax; Other equations are accurate

CC: Equation 1: r=0.15; Equation 2: r=0.29; Equation 3: r=0.81 (systematic error noted)
Conclusion: Equations 1 and 2 significantly overestimated VOamax (based on LOA plots). Equation 3
had systematic error (based on LOA plot).

Significant difference in predicted VO,m.x between equations (p < 0.001). Bruce 4.4% higher, and
Foster 2.2% lower than Football equation VO,max prediction.

Bruce and Foster equations: significantly different predicted VOmax compared to measured (p =
0.001).

Key: CC = correlation coefficients; CV = coefficient of variation; ANOVA = analysis of variance; LOA = limits of agreement; max = maximal; submax = submaximal;

ACSM = American College of Sports Medicine; HRmax = maximal heart rate.
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Table 3.3 AXIS risk of bias assessment>?

Jackson et Grant et al.'®! Maeder et Lee et al.3! Koutlianos et Nitin et al.*®* Crouse et al.'%
a|.100 aI.IOZ a|.103

VL NoWU AW NP

=
o

TSR
N PR

13.*
14.
15.
16.
17.
18.
19.*
20.
Total Positives 7/20 9/20 13/20 11/20 15/20 9/20 14/20

“Yes” = 1 point, “No” and “Unknown” = 0 points.

*For Questions 13 and 19, “Yes” is a negative answer (therefore awarded 0 points), and “No” is a positive answer (therefore awarded 1 point).
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3.3.3 Participants

The number of participants included in each study varied greatly, from twenty
participants'® to 1,604 participants!®. The majority of participants were male (98%)
and the ages ranged from 17 to 70 years, across the seven studies. No participants had

any cardiovascular disease, or other health conditions.

3.3.4 Study Design and protocols followed.

All seven studies followed a cross-sectional study design. The standard Bruce protocol
was used in all studies, excluding that by Nitin et al.1% which modified it to stop
increasing the incline after the seventh stage (due to treadmill technical difficulties). The
study by Grant et al.'°! followed the standard Bruce protocol, but also took data at the
point in testing when 85% of maximal heart rate reserve was reached. All studies used
an indirect breath-by-breath method to analysed expired gases, except that by Lee et
al.3® which used the Douglas bag method. Some researchers provided specific
instructions to participants in preparation for exercise testing; Maeder et al.'%? asked
participants to refrain from vigorous physical activity on the day of testing, Lee et al.3!
instructed participants to fast and refrain from physical activity for four hours prior to
testing, and Koutlianos et al.'% requested that participants avoid caffeine and alcohol
for two hours before testing. To allow familiarisation to the testing protocol, Grant et
al.1% allowed participants three minutes of treadmill walking prior to testing, and all
participants in the study by Lee et al.3! completed a submaximal Bruce treadmill test on
a separate day, prior to their maximal treadmill test. No other studies addressed
familiarisation. All studies used the VOamax measured from the Bruce protocol to

determine the accuracy of their chosen VO2max prediction equations.

3.3.5 Equations used to predict VOamax

Three studies generated their own VOamax prediction equations and examined their
accuracy against a measured VO2max°%10319  They all found, through analysis by
correlation coefficients, that their own equations accurately predicted VOzmax in their
participants (r = 0.61 — 0.82). Lee et al.3! examined the equations used by the Fitmate
device to predict VO2max'® which is based on submaximal heart rate and VO»

measurements taken during an exercise test. They found that the Fitmate equations
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accurately predicted VOamax in their participants. Grant et al.1%! reviewed the accuracy

107 and two equations by Heyward!®, and concluded that

of two equations by Poole
these equations were accurate and valid for use in females, but had inconclusive results

for use with males.

The American College of Sports Medicine (ACSM) walking and running equations'®
were examined in three studies3192193 3nd all researchers concluded that the ACSM
equations overestimated VOaxmax for all participants. Nitin et al.%* studied the accuracy
of three previously formulated equations and found that two of these equations
significantly overestimated VOymax'®!'!, and that the third equation!!? yielded a
systematic error when tested. Finally, Crouse et al.’%® examined two previously
established prediction equations and determined that one significantly underpredicted

VOamax' ™ and the other significantly overpredicted VO2max'.

3.3.6 Variables used to predict VOamax

There was a mixture of exercise and non-exercise data used to predict VO2max across the
studies in this review. Non-exercise variables such as a participant’s age, percentage
body fat, body weight, body mass index (BMI) or their results in a physical activity
questionnaire were utilised by several researchers®103104 Dyration of a maximal
treadmill test was a common variable, used in three studies'%193195 The speed and
percentage grade of the treadmill were variables utilised by the ACSM equations,

examined by three studies31102103,

3.4 Discussion
To complete this literature review accurately and thoroughly, strict inclusion/exclusion
criteria were developed for study results in the database search. Therefore, only seven
articles from the large number (n = 1360) of articles screened initially were suitable for
inclusion here. Even with this process of elimination, there was still much variation
between the seven included studies, making comparison between methods and results
more difficult. This review examines the bias associated with each study included, as

well as looking at the different equations used and the variables required for the
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equations, and the statistical analysis used to compare the measured VOzmax to the

predicted value of VOzmax.

3.4.1 Evidence of Biases

The quality of reporting in each study was assessed through the AXIS tool®2. A higher
score indicated a higher quality of reporting. There was a wide range between the
results found, with the lowest being 7/20 and the highest 15/20. Risk of bias
assessments are important to determine the credibility of a study, and in establishing
any error or bias in study reporting!*4. They can influence the final conclusion of
literature and systematic reviews, with the reliability of results being called into
guestion because of bias, or being commended and supported because of acceptable
reporting. While the studies included were all strong in reporting their aims, and
ensuring a suitable study design and appropriate study methods, they were poor in
justifying their sample size, describing their participant selection process, and discussing
“non-responders”. This can raise some questions about selection bias across the studies.
Three of the studies'9%193.1%5 clearly defined their target populations, and it was evident
from their described participants that their sample was representative of this
population. The other studies, however, either did not state to whom they wished to
apply their findings3%1%1, or their selected participants did not appear to accurately
represent their target population'®%1%, For example, Nitin et al.1% aimed to estimate
VO2max in a “healthy Indian population”, yet their participants were healthy males
recruited from a college campus, between eighteen to thirty years of age — which this
review argues is not representative of an entire country’s healthy population. Often
those who volunteer for research studies, do so for specific reasons or outcomes: for
example, with exercise studies, it may be reasoned that the volunteers are likely to be
those already physically active, or (if sampled from a college population) involved in
exercise-science departments!?>11e  With little information regarding recruitment
processes, and no information given in any included study regarding “non-responders”,
it is hard to define whether attempts were made to sample wider, more representative
groups, or if there were any specific reasons or patterns notable in those not

volunteering to participate in these exercise studies.
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3.4.2 Equations and Variables

There were a variety of equations used within the seven studies in this review. They
were divided into four main categories:

1. those using duration of maximal test alone;

2. those using grade and speed of treadmill (with or without extrapolation to
maximal heart rate);

3. those using non-exercise data (age, Body Mass Index (BMI), body weight, body
fat percentage, physical activity levels);

4. those using a combination of the above.

Duration was a common variable across the equations used. Both Grant et al.}°! and

| 105 | 101

Crouseeta used equations solely based on the maximal test duration. Grant et a
additionally looked at predicting VOamax from their submaximal data collected, based on
submaximal test duration. Both studies found that their prediction equations on male
subjects incorrectly predicted VOzmax Wwhen compared to the measured value. The
equation by Bruce et al.? over-predicted the result, while the equation by Foster et al.!!3
under-predicted the VO,max value (both used in the Crouse et al.1% study). Grant et al.0?
used differing equations for men and women and did find that the results for the female
predicted VO,max Was strongly correlated to the measured VO,max value. It has been
shown that the duration of a treadmill test can vary with familiarisation and experience,
as well as with encouragement given by the tester to the participant’47778117 With this
variability, it is not surprising that equations basing their predictions solely on test
duration fail to accurately estimate the maximal VO,. The only other study using the test
duration as part of its prediction was that by Koutlianos et al.1%, The authors created
two of their own equations (by enter regression and stepwise regression) and combined
duration with other variables not relating to the exercise test completed. They
concluded that these two equations adequately predicted the VOamax; however, they
based this on correlation coefficients between measured and predicted data that equal
0.64 and 0.61 (p<0.001 for both) for enter and stepwise regression equations

(respectively), which is considered only moderate strength correlation8119,

The American College of Sports Medicine (ACSM) equations calculate VO, based on the
speed of the treadmill and the incline, or grade, at which the treadmill is set. Following

this method, the VO, for each 3-minute stage will be the same for each participant, and
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will only vary depending on which stage each participant reaches. Each of the three
studies included here that examined the ACSM walking or running equations found that
the ACSM equations over-predicted VOamax>1'10%1%3, This is consistent with findings from
other studies that examine the ACSM equations in different populations or by using
different treadmill protocols3>°6120121  As VO,max is a strong indicator of risk of
cardiovascular disease, as well as used to measure improvement in fitness after exercise
or medical intervention, having an over-prediction of a person’s cardiorespiratory
fitness canresult in areduced estimation of their cardiovascular risk, which could greatly

impact the intervention they receive.

There is another set of equations that do not use data from the exercise test, but rather
base their predictions on non-exercise data such as age, body weight or fat percentage,
or on BMI. Nitin et al.1%* limited their three separate equations to using body weight as
the only variable. They found that their first and second equations over-estimated the
VO2max compared to the measured value, and that their third equation had systematic
error with its results. Jackson et al.1%° used age and fat percentage to predict the VO2max
of their participants, along with their scores of the NASA Self Report Physical Activity
Scale. They concluded that there was satisfactory correlation between measured and
predicted VOamax Using their equation. Some non-exercise variables can influence the
predicted VOamax more than others, such as age, or central adiposity®?2. Physical
activity is another variable that influences VO2max — however there is differing opinion
on how strong an impact it can have on predicting VOamax. Cardiorespiratory fitness can
be maintained and improved with physical activity — particularly vigorous-intensity
physical activity (at approximately 60% of a person’s VOamax?3 or greater than six
metabolic equivalents (METs)!?4. Wang et al.1? suggested that equations including
physical activity levels in their calculations have better validity than those without
physical activity information, citing that physical activity is the most important
influencer of cardiorespiratory fitness. In contrast, a study by Bradshaw et al.1?® showed
that the physical activity rating was the least effective variable in predicting VO2max
(using standardised B-weight scores). Dyrstad et al.*?” found that VO2max Was influenced
more by other factors such as gender, age and BMI, rather than physical activity levels.

The varying effect of physical activity levels on the prediction of VO2max could be due to

31



Trinity College Dublin (TCD) Kate Macnamara

this variable being mainly self-reported, and therefore at risk of recall bias or over- or
under-estimation of a person’s own activity levels®>12>, In the current review, Jackson
et al.1% were the only researchers that incorporated physical activity data, in self-
reported form, into their prediction equation, finding that physical activity did influence

the prediction of VO2max, and provided an accurate prediction equation.

Estimating VO2max Using non-exercise equations may be done to save time or money, as
this method is considerably more convenient than having participants complete a

maximal or even submaximal exercise test!2®

. It has been shown that for cycle
ergometer tests, equations that utilise exercise data are more accurate than equations
using non-exercise data when tested in the same participants'?®. Looking at treadmill
tests, one study examining the effect of multiple types of variables on the prediction of
VO2max found that equations combining maximal, submaximal and non-exercise data in
their predictions were more accurate than equations that combined only two of the
three types of data'?’. On the other hand, many authors have stated that non-exercise

equations are at least as effective at predicting VO2max as equations using submaximal

exercise test physiological data®®126:130-132,

For some populations, such as athletes, or college students, there can be variation
between their VOamax values, while having similar body composition, age, or gender (i.e.
a homogeneous group or population)33-13> Equations utilising non-exercise data may
fail to predict accurately the differing physiologic responses to maximal or submaximal
exercise that people of similar anthropometric make-up might experience. There is also
variation in body composition between people of different ethnicities, meaning that
non-exercise equations developed for one ethnic group of people may not be applicable

or accurate when used with another ethnic group3*136,

Since it is known that the gold standard method of measuring VOamax is through a
maximal exercise test with direct analysis of the expired air3°, it appears logical to
prefer a VOamax prediction equation that requires exercise data, over one that bases its
result solely on anthropometric data. Prediction equations using non-exercise data are
generally favoured specifically because exercise testing is not required to obtain the

VO2max result; their convenience and simplicity of use in a clinical setting are the reasons
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many researchers promote their use?>31132 However, with the wide range of variables
available for use, and the differing physiologic effects of exercise and non-exercise
variables on people from different anthropometric make-up or different ethnicities,
further research is still warranted to determine what type of equation best suits the

prediction of cardiorespiratory fitness.

Reviewing the results from equations used in the current review, it can be seen that
equations based solely on body weight were inaccurate!®®, while an equation
incorporating age, physical activity level and body fat percentage yielded a more
accurate prediction!®. The only other study included in this review that used non-
exercise data in its equations was by Koutlianos et al.1%3, where the two equations used
combined non-exercise data relating to age and BMI, with test duration and treadmill
grade. The authors concluded that both of their equations accurately predicted VOamax.
It can be seen that including more variables in the equation may lead to a better
prediction. Comparing specifically the correlation coefficients reported in the studies by
Koutlianos et al.'® and Jackson et al.%, it can be seen that the latter study found a
stronger correlation for its measurement. This would seem to contradict the theory that
equations combining more data types (exercise and non-exercise) predict VOzmax more
accurately than equations with less variables'?®. However, comparing the two studies
as a whole, the study by Koutlianos et al.%® was of a much higher standard than that by
Jackson et al.’%, As seen in Table 3.3, the study by Koutlianos et al.’®® scored much
higher on the risk of bias assessment, with the study by Jackson et al.2 falling down in
detailing its statistical methods and analysis, defining its target population, and
providing clear details on the study design and methods. This must be taken into

account when comparing the results from both studies.

From the above analysis, it is difficult to say which variable, or combination of variables,
is the most effective in predicting an accurate VOamax. The only definitive results are that
the ACSM equation based on speed and grade consistently over-predicts VO2max, and
that equations using the duration of the treadmill test completed may not provide fully
accurate results either. The best combination of variables for predicting VOamax along

with the Bruce protocol — or any treadmill protocol —is still to be found.
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3.4.3 Statistical Analysis

Across the seven studies included in this review, there was variety in the methods of
statistical analysis. Most commonly, correlation coefficients were used to determine the
strength of relationship between measured and predicted VOamax>»1%°1%3, Standard
error of estimate and coefficients of variation were used to analyse data in the study by
Grant et al.?%, The study by Lee et al.3! utilised repeated measures Analysis of Variance
(ANOVA), standard error of estimate and limits of agreement in its data analysis, and

| 104

finally Nitin et a also looked at the limits of agreement in their statistical analysis.

With regard to correlation coefficients, there is debate that these are not the most
accurate way to determine agreement between two measurements®+137, By the fact
that two methods are used to determine the same variable (in this case, measuring
VO2max With a Douglas bag, or metabolic cart, versus predicting it with an equation in
the same sample of participants), it can be expected that the results from both will be
related — therefore giving a high correlation coefficient!32. A high correlation coefficient
does not mean that no difference or variation will be found between the VO;max results
obtained from each assessment method. Concluding that an equation provides an
accurate prediction based on correlation coefficients alone, as was done by Jackson et
al.’% Maeder et al.’%?2 and Koutlianos et al.’%, is therefore not a fully reliable

conclusion®®.

The standard error of estimate can be used to determine the accuracy of an estimated
mean value, or how much variation is between estimated values*°. The coefficient of
variation (CV) is another measure of how certain values differ from their mean: it is the
standard deviation divided by the mean, multiplied by 100, presented as a

141 Grant et al.’! used the standard error of estimate of their results

percentage
(instead of the standard deviation) to calculate the coefficient of variation. This is not
the conventional method; however, they state they used this calculation to measure the
amount of error occurring with each equation used to predict VO2max. Generally, a CV
below 10% is considered acceptable for normal variation in VO2ma>%%2, and in the study

by Grant et al.1%?, it was found that their “error”, or CV, was 8.8% for the males and 7.4%

for the females. The authors concluded that while their equations used for the Bruce
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protocol tended towards an over-prediction of VOamax, they were adequate in relation
to previous literature and to the other equations and protocols examined within their
study. As they combined several different statistical methods and used varying terms

for these, however, the reliability of their results may be questioned.

Bland and Altman® disagreed with using correlation coefficients to compare two
measurement methods of the same variable. Instead they suggested looking at the
limits of agreement, by plotting the difference between two measurements against the

1.1%4 uysed limits of agreement plots to

mean of those two measurements. Nitin et a
compare their measured and predicted VOamax values. They found that for their first two
equations, there was random error shown with the limits of agreement plots, and
systematic error with their third equation. This was stated in their results and
discussion, but not expanded on or explained further, and it is difficult to determine
from their presented plots how exactly they came to their conclusion. The authors
presented their VOamax vValues in L-min, which does not take body weight of participants
into account and therefore makes comparison of results between different participants,

and across populations, less accurate43144,

For each correlation coefficient they calculated, Lee et al.3! also gave a limits of
agreement plot to demonstrate the range of values and bias found for each equation. It
is clear to see by comparing the limits of agreement for each of their three equations
that the ACSM equation had the highest bias, and the widest range of differences
between results, whereas their Fitmate equation using age-predicted VOamax had a

much smaller bias and range of difference in VO2max values.

Repeated measures ANOVA (analysis of variance) was used in the studies by both Lee
et al.?! and Crouse et al.}%, The former used this to compare between all predicted
values of VO2max as well as the measured value, and found that there was significant
difference between the results of the prediction equations. The authors then used
correlation coefficients and limits of agreement to look at the relationship between
each individual prediction and the measured VOamax (as discussed above). Crouse et
al.1% also used the repeated measures ANOVA to compare the predicted VOamax values

from their three equations. They did not, however, include the measured VOamax in this
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comparison, and therefore only concluded that there was a significant difference
between the prediction equations. They stated later that the equations by both Foster
et al.}*3 and Bruce et al.! gave a significantly difference VO2max prediction compared to
their measured VOamax, but did not explain the statistics they used for this, or elaborate

on this point further.

3.4.4 Limitations of Current Review

As previously stated, the Bruce protocol is generally viewed as the most popularly used
maximal treadmill protocol to measure VOamax. Many researchers, however, have
explored the accuracy of numerous prediction equations used with other treadmill or
cycle ergometer protocols, in both healthy and clinical populations!?®14>146 T achieve
the goal of this literature review in identifying and examining prediction equations
specifically used with the Bruce protocol, a strict and detailed inclusion and exclusion
criteria for studies was required. There may be other equations, or combinations of
variables, that more accurately predict VO2max When used with other protocols, that

have not been examined in the current review.

Following on from this, the current review looked only at a healthy population. As it has
been shown that prediction equations should only be specifically used with the
population for which they were developed!??121146-148 = comparing results between
healthy and clinical populations would not be meaningful. As prediction equations are
more commonly used with clinical population who may be unable to complete a
maximal exercise test, it would be beneficial to review the reliability of equations and
of the variables used in populations with cardiovascular disease, or those on cardiac

medications, or with other medical conditions.

With regards to the content of the studies included, there is little consistency regarding
the specific equations used to estimate the VOxmax in participants, as well as the
variables they utilised. It is hard, therefore, to draw a conclusion about which variables
have the greatest effect on predicting VOamax, especially when those studies that do use
the same variables use different statistical analysis methods to examine the variables,
or have very different levels of bias in their reporting. Several of the studies scored very

low in their risk of bias assessment, and none achieved higher than 15/20 (75%);
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therefore reporting bias must be taken into account when looking at which variables
are recommended by each study, especially with those examining non-exercise data and

how well they predict VO2max.

3.4.5 Future Recommendations

With so much variety in methods of predicting maximal oxygen consumption currently
available, as well as differing opinions and evidence for their accuracy and reliability,
there are numerous future directions that can be taken in this area of research. As the
Bruce protocol is the most commonly used and known treadmill protocol, it is
recommended that future studies look at how exercise data gained from maximal and
submaximal treadmill tests following the Bruce protocol relate to measured VO2zmax
values. Prediction equations are often used with people unable to complete a maximal
test, and therefore a review into the accuracy of prediction equations used with specific
clinical populations would also be beneficial. Examining the difference between
‘exercise’ and ‘non-exercise’ prediction equations in homogenous populations, where
anthropometric data is similar for all participants would help to determine how effective
non-exercise equations are in differentiating between anthropometrically similar

people.

Any study looking at the accuracy of either a new VOmax prediction equation, or one
that has been previously established, must ensure that VOamax is also measured via
analysis of expired air during a maximal exercise test — this is the gold standard of
determining cardiorespiratory fitness, and therefore predicted data should always be
compared to the measured VOamax from the same participants, to accurately determine

the equation’s reliability.

Care must be taken in any future studies to use the correct statistical analysis when
looking at the difference between the measured and predicted VOamax values. Using the
method described by Bland and Altman3* to plot the limits of agreement may be the
best way to demonstrate the true difference between both values. Authors should also
ensure that statistical methods are clearly described, as in the studies reviewed here it
has proved difficult at times to determine if the choice and execution of statistical tests

were accurate.
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3.5 Conclusion
To the author’s knowledge, this is the first review to examine VOxmax prediction
equations used in conjunction with a Bruce protocol maximal treadmill test. A wide
range of variables can be used to create prediction equations for VOamax. Exercise test
duration is a popular variable, but provides mixed results, whether used alone or in
combination with other variables. Non-exercise equations may provide a reliable
prediction of VOamax for certain populations, but the best combination of non-exercise
variables is still unclear. Non-exercise prediction equations are convenient to use, as
little effort and time is required to gain a VOamax value, but this convenience should not
overshadow the fact that with no exercise data, it is more difficult to predict how a
person will respond to exertion. As prediction equations are usually used with
participants who cannot safely complete a maximal test, it may be beneficial in the
future to examine equations using submaximal data versus equations using non-
exercise data in predicting VO2max, as this could give further insight into which types of

variables are the most effective VOamax predictors.

The only definitive finding regarding these equations, is that the ACSM equation
consistently over-predicts VOamax and therefore, its use for predicting maximal oxygen

consumption should be discontinued.
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Chapter 4: A study of the repeatability of the submaximal Bruce
protocol graded treadmill test in measuring VO, and predicting
maximal VO,.

4.1 Introduction
The best and most reliable way to measure a person’s cardiorespiratory fitness (VO2max)
is to have them complete a maximal exercise test while measuring and analysing their
expired breaths to determine the highest value for VO, that they achieve?*88, This can,
however, pose problems in both clinical and research settings, depending on equipment
availability, or the physical condition and capabilities of the participants®. Often, VO2max
values are required for people with cardiac or respiratory conditions, or for people with
physical limitations that would prevent them exercising safely to their maximum
capacity. In these cases, a submaximal exercise test can be completed, and a prediction

of their VO,max be calculated, based on their submaximal exercise data’.

As the Bruce protocol is one of the most commonly used treadmill protocols for
determining VOamax*>193149130 it is the focus of the current research. The repeatability
of the Bruce protocol was questioned in the results of the literature review from Chapter
2, due to inconsistent control of certain variables (such as duration between repeated
tests, state of fasting or resting before testing, or opportunity for familiarisation with
testing equipment), not accounting for learning effect, and for the use of inappropriate
statistics to determine repeatability. To examine the Bruce protocol’s repeatability
more thoroughly, it is important to design a study that comprehensively controls for the
many variables that can affect VOamax, such as timing of sessions, environmental set up,
fasting state of participants and levels of physical activity undertaken by participants
during the study®!. The aim of this study was to establish a protocol for examining the
repeatability of the submaximal Bruce treadmill protocol in in predicting VOamax in
healthy male adults. The submaximal protocol was chosen as it poses less risk of
cardiovascular complications associated with exercising to exhaustion*1>2, therefore
making it a safe option with which to establish a repeatability testing protocol with
healthy adult males, and to identify any patterns or challenges that could arise in future

repeatability studies of the maximal Bruce protocol.
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4.2 Methods
4.2.1 Study design

The study design was an observational, longitudinal study. Ethical approval for this study
was granted by the Faculty of Health Sciences Ethics Committee at Trinity College,
Dublin in February 2019 (Appendix 3, pg. 106). The design of this study, the data analysis
and data interpretation were conducted by the thesis author. The data was collected by

final year physiotherapy students.

4.2.2 Participants and Recruitment

A sample size calculation for this study was undertaken, with a result of twenty-three
participants required (Appendix 4, pg. 107). A poster and e-mail recruitment campaign
was launched from February to April 2019, to request volunteers from the staff and
students of Trinity College Dublin. Those expressing interest were sent a participant
information leaflet and allowed seven days prior to obtaining informed consent to allow
for contemplation of study details. Inclusion criteria specified healthy, English-speaking
male adults between 18 and 35 years of age. Volunteers were excluded if they had any
cardiac, respiratory, metabolic or neurological condition, had a fitted electronic device
(e.g. pacemaker), had any musculoskeletal injury in the previous three months, were a
smoker, had a BMI 230, or had any intellectual disability/cognitive impairment that
impaired their ability to give informed consent, follow instructions during testing, or to
exercise adequately (full list of exclusion criteria in Appendix 5, pg. 108). All participants
were required to have a low risk of cardiovascular event, as per the American College of
Sports Medicine’s (ACSM) Guidelines for Exercise Testing and Prescription®>3 (Appendix
6, pg. 109).

4.2.3 Pre-test Screening and Assessment

Volunteers were provided with the Participant Information Leaflet (Appendix 7, pg. 112)
at least seven days prior to their first testing date. Participants attended the exercise
laboratory at the Trinity Centre for Health Sciences three times, with one week between
each session. Participants were instructed to fast from midnight the night before their
testing day, not to take any caffeine or alcohol in the 24 hours prior to testing, to take

motorised transport to the testing centre, to wear light, comfortable exercise clothes to
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each testing session, and to continue their normal training regime without increasing
their physical activity for the duration of the testing period. The first session began with
a screening process reviewing the inclusion and exclusion criteria, as well as explaining
the study aims, procedure, risks and benefits. Eligible participants gave informed signed
consent at the first testing session (Appendix 8, pg. 119), and then completed the

Physical Activity Readiness Questionnaire (PAR-Q; Appendix 9, pg. 123).

Participants’ height was measured using a Seca 213 stadiometer, and body composition
analysis was done using a body composition analyser (Tanita MC 180-MA), to measure
body weight, fat percentage, body mass index (BMI), fat mass, muscle mass and bone
mass. Blood pressure was measured in sitting position using an OMROM M3 Comfort
electronic blood pressure monitor. To ensure that participants’ cholesterol and blood
glucose levels were normal, these were measured via finger-prick test using the PRIMA

3-in-1 Self-Testing Kit.

4.2.4 Treadmill VO testing

The VO, measuring equipment COSMED K4b? was calibrated on every testing day
following the manufacturer’s instructions. Each participant was verbally familiarised
with the testing equipment and protocol, including the Rating of Perceived Exertion
(RPE) scale from 0-10, and the signs and symptoms requiring test termination:

e Pain, discomfort, or anginal equivalent in the chest, neck, jaw, arms or other
areas that may have resulted from ischemia;

e Failure of heart rate to increase with increased exercise intensity;

e Signs of poor perfusion (light-headedness, confusion, ataxia, cyanosis, pallor,
nausea or cold/clammy skin);

e Shortness of breath, wheezing, leg cramps or claudication;

e Physical or verbal manifestations of severe fatigue;

e Participant desired to stop;

e Technical difficulties with monitoring heart rate or pulmonary gases, or any
other testing equipment failure;

e Participant reached 85% of predicted HRmax.

Participants were informed not to speak or cough during test, unless they needed to
urgently stop the test. Participants were instructed not to use the handrail on the
treadmill (Viasys LE 300CE) at any stage during testing. The K4b? mask and strap were

fitted, and the Bruce treadmill protocol was conducted (Table 4.1).
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Table 4.1 Progression of the Bruce protocol

Duration Speed Incline
Stage (minutes) | (km-h?) (%)
1 3 2.7 10
2 3 4.0 12
3 3 5.5 14
4 3 6.8 16
5 3 8.1 18
6 3 8.9 20
7 3 9.7 22

RPE was taken at the end of each stage, with the participant pointing at their score on
a print-out of the scale held in front of them. Heart rate and VO, were monitored
throughout testing. If no adverse events occurred, the test was terminated when the
participant reached 85% of their age-predicted maximal heart rate (HRmax). The formula
by Tanaka et al.>* was used to calculate HRmax (HRmax = 208 — (0.7 x age)), as this
equation was formulated based on a similar population to the current study, and as it
has been recommended as a suitable HRmax predictive equation by the ACSM*!. Each
test was led and monitored by the same researcher for the entire study to avoid inter-

rater discrepancies.

A five-minute walking cool-down at 0% incline and 2.7km-h' was completed by
participants after reaching 85% of their HRmax While HR and VO, were monitored.
Participants were scheduled for a second and third appointment, with the best effort
made in all cases to schedule the follow up appointments on the same weekday at the
same time for each of the three sessions, to eliminate variation that might affect the

repeatability test results.

The second and third sessions included measurement of body weight and then a repeat
of the Bruce treadmill protocol as described above. Following completion of testing,
participants were sent an overview of their health and test results and invited to ask any

guestions from the researchers.

4.2.5 Predicting VOamax

The VOamax prediction equation was chosen from the prediction equations found in the
literature review in Chapter Three. Only three equations were found suitable for the

submaximal test protocol: one used by Grant et al.'%%, the ACSM walking equation?,
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and the Fitmate equation3!. The literature review concluded that the ACSM equation
over-estimated VOxmax, therefore it was not used for this study. As the prediction of
VO2max in the study by Grant et al.’®! was done by combining two equations from
different sources!?”1% which were not originally designed together, this method was
not chosen. The Fitmate equation, based on extrapolating measured VO, to the age-
predicted HRmax by linear regression, was the most suitable for this study. HRmax was

predicted using the Tanaka et al.»>* formula.

4.2.6 Statistical Analysis

Mean and standard deviation (SD) values were obtained for all recorded data.
Correlation coefficients, coefficient of variation and paired-samples t-tests were
calculated to compare predicted VOamax results for Test 1 and Test 2, and from Test 2
and Test3. The limits of agreement using Bland and Altman plots were also calculated

for the predicted VOamax values between each repeated test.

4.3 Results
4.3.1 Participants

Twenty-two people expressed interest in the study, with eighteen participants
completing the full testing procedure (Figure 4.1). Baseline participant characteristics
can be seen in Table 4.2. For one participant, some values from the body composition
analysis were mistakenly not recorded (Appendix 10.1, pg. 124). All data was normally
distributed. All included participants were healthy, with no cardiac or other medical

conditions. Participants’ ages ranged from 19 to 34 years.
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screened for inclusion
(n=22)
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family history of CVD

Included for participation (n = 20)

l

l
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testing sessions
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Completed first test, subsequently
participant withdrew from study
(n=2)

Figure 4.1: Participant inclusion flowchart

Table 4.2 Baseline characteristics of participants (n=18)

Characteristic

Mean (standard deviation)

Age (years)

Height (cm)
Weight (kg)
BMI (kg-m)

Basal metabolic rate (kcal)

Fat mass (kg)
Fat Percent (%)

Free fat mass (kg)
Muscle mass (kg)

Bone mass (kg)

4.3.2 Submaximal Exercise Tests

22.9 (4.4)
181.3 (6.9)
76.29 (10.1)
23.3(2.9)
1938 (193.3)
12.14 (4.8)
15.25 (4.2)
64.78 (7.2)
61.31(6.8)
3.23(0.3)

Fifty-four tests were completed during the study. All tests were terminated due to

participants reaching 85% of predicted HRmax, except for two participants in their Test 1

phase: one stopped due to leg cramp, and one stopped due to incorrect readings from

the HR monitor. As both participants came near to their 85% of predicted HRmayx, they

were considered to have completed one full test and so the data for their second and
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third tests were included in analysis as learning effect would not be compromised.
Therefore, in analysis of the data, Test 1 results consist of 16 participants, and Test 2

and Test 3 results both consist of 18 test results.

The duration between the majority of tests was one week (between Test 1 and Test 2:
72.2%, n=13; between Test 2 and Test 3: 83.3%, n=15); however, the duration was
shorter or longer between tests for certain participants, due to participants’ personal
scheduling difficulties (between Tests 1 and 2: duration longer than one week: n=5;
between Tests 2 and 3: duration longer than one week: n=1, duration shorter than 1

week: n=2. Shortest duration = 3 days, longest duration = 14 days).

155 provided normative VOamax values divided into age and gender

Heyward and Gibson
categories, with VOamax values ranked as “superior”, “excellent”, “good”, “fair” or
“poor”. The predicted VOzmax values for each test completed in this study were
compared to this hormative VOamax data. It was found that 73.1% of all VOamax test
results ranked as “superior” and 19.2% were “excellent”, for the relative age group,

while 5.8% were classed as “good” results, and only 1.9% of tests had a “fair” or “poor”

result.

4.3.3 Repeatability of Bruce protocol

To analyse the repeatability of the submaximal Bruce protocol in predicting VO2zmax
values, correlation coefficients, coefficients of variation, paired-samples t-tests
(displayed in Table 4.3), and limits of agreement (LOA; Figures 4.2 and 4.3) were
calculated for the predicted VOamax values to compare Test 1 and Test 2 results, and Test

2 and Test 3 results.

Table 4.3 Statistical analysis between tests for VO,m.x predicted

Test 1 —Test 2 Test 2 —Test 3
Correlation Coefficient r=0.82 r=0.78
Mean Coefficient of Mean: 4.5% Mean: 3.6%
Variation (SD: +4.2%; Range: 0.5-15.6%) (SD: +2.5%; Range: 0.9-9.3%)
Paired-samples t-test p=0.013 p=0.473
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LOA of VO, .. : Test 1 versus Test 2 (n = 16)
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Figure 4.2 Limits of agreement (LOA) of predicted VO,max between Test 1 and Test 2

The limits of agreement in VOamax between the first and second tests ranged from 4.86
to -10.35 ml-kgt-min, spanning a range of 15.21 ml-kg'*min* (Figure 4.2). The mean
difference between Test 1 and Test 2 measurements was -2.74 ml-kg-mint. The lower
and upper 95% confidence intervals (95% Cl) for the mean difference were -6.02

ml-kg*mint and 0.17 ml-kg'*-min’, respectively (ranging 6.19 ml-kg*-min?).
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Figure 4.3 Limits of agreement (LOA) of predicted VO,max between Test 2 and Test 3
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Comparing VO2max results from the second and third tests, the limits of agreement range
from 6.67 to -7.96 ml-kgt-min! (Figure 4.3), giving a difference range of 14.63
ml-kgl-minl. The mean difference between results from Test 2 and Test 3 was -0.65
ml-kgl-mint. The lower and upper 95% Cl for the mean difference were -3.87

ml-kgt-mint and 1.94 ml-kg’*-min?, respectively (ranging 5.81 ml-kg'*-min).
4.3.4 Repeatability of submaximal test duration

Each test was stopped when the participant reached 85% of their age-predicted
maximal heart rate. The repeatability of the submaximal test durations was also
analysed with correlation coefficients, coefficients of variation and paired-samples t-
tests, comparing Test and Test 2, and Test 2 and Test 3 in turn (Table 4.4). Limits of

agreement were also analysed for the submaximal test durations.

Table 4.4 Statistical analysis between repeated tests for submaximal test duration

Test 1-Test 2 Test 2 -Test 3
Correlation Coefficient r=0.85 r=0.79
Mean Coefficient of Mean: 4.2% Mean: 4.8%
Variation (SD: £5.0%; Range: 0.5-19.6%) (SD: £5.0%; Range: 0.6-19.0%)
Paired-samples t-test p=0.671 p=0.819

LOA of Submaximal Duration: Test 1 versus Test 2 (n = 16)
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The limits of agreement for submaximal duration comparing Tests 1 and 2 ranged from
-101.32s t0 90.69s, which spans a total of 192.01s (Figure 4.4). The mean difference was
-5.31 seconds. The lower and upper 95% Cl for the mean difference were -31.41s and

20.78s, respectively (ranging 52.19s).

LOA Submaximal duration: Test 2 versus Test 3 (n = 18)

150
[ J o
o e eeeeeeenneess e beeesceees e eeeseceesseesepeeeneecsssseeseeerecces e
= 100
o
a
= 2 50 [}
gD L4
.; 4; .
o L
_g = 0 .. ®
S N ([ ] ~ ® o0
ﬁ g 50 °
v -

e~ °
s
(O]
& 00 T S N L S S
()]

-150

0 100 200 300 400 500 600 700 800

Mean Submaximal Duration Test 2 and Test 3 (s)

Figure 4.5 Limits of agreement (LOA) of submaximal test duration between Test 2 and Test 3

Comparing the submaximal test durations from Tests 2 and 3, the limits of agreement
were found to be from -100.76s to 106.54s, which spans a range of 207.3s (Figure 4.5).
The mean difference between Test 2 and Test 3 test durations was 2.89 seconds. The
lower and upper 95% Cl for the mean difference were -23.41s and 29.19s, respectively

(ranging 52.60s).

All raw data for this submaximal Bruce protocol repeatability study can be found in

Appendix 10 (pg. 124).

4.4 Discussion

4.4.1 Repeatability of the Submaximal Bruce protocol in predicting VO2max

Looking firstly at the analysis by correlation coefficients, this study shows similar results
to those found in previous Bruce protocol repeatability studies (from the literature
review in Chapter 2): a strong correlation between repeated VOamax results from Bruce

protocol testing (Test 1 versus Test 2 r=0.82; Test 2 versus Test 3 r=0.78). This indicates
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that repeated VOamax results are strongly related to each other; however this does not
translate into agreement, or repeatability3*'38, The mean coefficient of variation for
both comparisons (Test 1 v Test 2, and Test 2 v Test 3) were less than 10%, which is
generally considered to be an acceptable level of variation for VOzmax
measurement3%142, As all repeated results came from the same participants having
undergone the same testing procedure, it is expected that the results would be related
to each other. The limits of agreement give a more in-depth analysis of the differences
between test results, compared to correlation coefficients®°6%57_ |t can be seen from
the current test results that between Test 1 and Test 2, 95% of differences between
repeated VO,max measurements could range as much as 15.21 ml-kg*-min-'. Participants
were tested under the same conditions from the first to the second test, with only a
week between tests and having had no change in usual physical activity levels that could
account for a change in VOamax levels. The limits of agreement were similar when
comparing Test 2 and Test 3 results, with a total range in limits of agreement of 14.63
ml-kg'*-min"l. Considering that the minimal clinically important difference (MCID) for
VO2max for healthy adults is generally taken as 3.5 ml-kgt-min 58159 the variation in
the current study could be attributed to poor repeatability of the Bruce protocol itself.
This wide possible range in VO2max from one test to a repetition a week later cannot be
accounted for by MCID alone, and calls into question the repeatability of the Bruce

protocol.

4.4.2 Learning Effect

In a number of previous repeatability studies of the Bruce protocol, a learning effect
was noted and examined>**, The effect was mainly noted in treadmill test duration,
with participants lasting for longer durations to their maximum effort on their repeated
tests compared to their initial test. Although the tests in the current study were
submaximal, these submaximal durations were examined, and it was noted that 62.5%
of submaximal durations decreased from Test 1 to Test 2 — a result in contrast with
previous studies. The mean difference was -5.31 seconds, while the correlation
coefficient for test durations of the first and second tests was 0.85, the mean coefficient
of variation was 4.2% and there was no significant difference between the two test

durations (p =0.671). Comparing the second and third test submaximal durations, it was
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found that 72.2% of participants had an increased test duration in their third compared
to their second submaximal test, which more strongly suggests a learning effect in this
stage of the study. With increased experience of the testing procedure and
understanding what to expect from the protocol, participants may have become more
physiologically economical and improved their test performance. This psychological
influence of exercise test expectations has been previously identified and study by other

authors, also®1-82,

Regarding VOamax predicted values using the Fitmate equation, there was generally an
increase in values from Test 1 to Test 2. While there was strong correlation between
repeated VOamax Values across all three test repetitions, the mean coefficient of
variation was larger between the first and second repetitions, compared to the second
and third repetitions. A significant difference was also noted between repeated results
from Test 1 to Test 2 when analysed with paired-samples t-tests (p = 0.013) but not on
the repetition from Test 2 to Test 3 (p = 0.473). Finally, the mean difference identified
through the limits of agreement plots was much larger between Tests 1 and 2 (-2.74
ml-kg*-mint), compared to between Tests 2 and 3 (-0.65 ml-kgt-min?). These
differences indicate that learning effect played an important role in participants’
performance in these submaximal tests, and on their VO2max predicted values. Although
the limits of agreement showed a wide range in differences between all repeated VO2max
predictions, the repeatability is somewhat better from second to third attempts, rather
than after a person’s first experience with the protocol. This can be explained through
a learning effect. As this study was submaximal, further research into repeatability and
learning effect in this population using the maximal Bruce protocol would be of great

benefit.

4.4.3 Limitations

Although measures were taken to control for environmental variables throughout the
study, such as testing centre, equipment and research personnel, in hindsight several
other actions could have been taken to further ensure that variation in results would
reflect repeatability of the Bruce protocol itself, and not be due to other variables.

Motivational variables were not considered and may have influenced the obtained data.
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Verbal encouragement was not standardised during the exercise testing, and it has been
shown that the style and frequency of verbal encouragement can influence a person’s
exercise test results!!”160.161 participants could also see their progress regarding stage
and duration during the test on the treadmill. This could have influenced their
determination to compete with their previous result in their second or third tests, and
have had an impact on learning effect and reliability of comparing the repeated test

results.

Another limitation is that the participant sample was relatively homogenous, coming
from a population of healthy male university students and staff. The age span ranged
from 18 to 34 years, with the majority of participants (77.8%) aged 20 to 29 years. It was
noted that the mean VOamax predicted across the three tests was in the excellent-
superior categories, as per Heyward and Gibson®®> (92.3% of all test results). No data
was gathered regarding normal levels of physical activity in the participants, such as
type of physical activity undertaken, how often, or at what level. Therefore, it is difficult
to determine if the participants themselves were physically very fit, or if the prediction
equation was likely to be overestimating the VOxmax of these participants. Future studies
would benefit from gathering more detailed data regarding physical activity levels, as

well as gaining measured VOmax data, to compare this to the predicted values.

A further limitation of this study is that the sample size was smaller than that required
as per the sample size calculation. This may have impacted the statistical results of the
study, as having a small sample size reduces the power of the study®?%4. Using limits of
agreement, a wide confidence interval for the mean difference may reflect a small
sample size — when a larger sample size is used, the 95% confidence interval should
become narrower if there is no systematic error and the measure is in fact repeatable®*
137 1n this study, the 95% Cl for the mean difference in VOamax testing between Test 1
and Test 2 ranges 6.19 ml-kg*min?, wider than the MCID for VOamax testing (3.5
ml-kg'*-min-t). Similarly, it ranges 5.81 ml-kg*-min or the analysis between Test 2 and
Test 3 results. These wide ranges could be caused by the small sample size, or could be
demonstrating that the submaximal Bruce protocol is not repeatable in measuring
VO2max. The results from this study should be taken to show that a trend towards the
submaximal Bruce protocol not being a repeatable method of determining VOamax, but
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that to confirm these results future studies should take into consideration all limitations
discussed above and conduct further repeatability studies with a larger sample size to

improve the power and validity of these findings.

4.5 Conclusions and Future Recommendations
Assessing the submaximal test results from this study using a variety of different
statistical methods, it can be seen that predicting VO2max in healthy male participants
using the Bruce treadmill protocol is not definitively repeatable. The wide range in limits
of agreement between repeated VOamax results pulls the repeatability of the protocol
into question. A learning effect was noted to influence the repeated test duration and
predicted VO2max results at this submaximal level. Future studies in this area should have
a larger and more heterogenous group of participants, and should control more
specifically for variables other than the protocol itself which could influence VO2zmax
results (such as verbal encouragement and blinding of participants to their results prior
to the end of testing). Maximal testing using the Bruce protocol should be carried out,
with focus on the influence of learning effect between several test repetitions, to
determine if this effect is as strong with maximal testing as it appears to be with
submaximal treadmill testing. The use of the maximal Bruce protocol to measure VO2zmax
should also be conducted to better determine the accuracy of prediction equations used

to calculate VOamax, by comparing predicted with measured values.
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Chapter 5: A study of the repeatability of the Bruce protocol
graded treadmill test in measuring maximal VO, and in predicting
VO2max from exercise data.

5.1 Introduction
As previously discussed, maximal aerobic capacity (VOamax) is an important factor in
determining a person’s cardiovascular risk?. The most accurate and reliable method for
obtaining a VO2max value for an individual is to have them complete a maximal exercise
test while measuring and analysing their breath-by-breath expired gases and

101,103,162

determining their highest VOmax value . The most commonly used protocol for

|15,16

testing VOamax is the Bruce protoco and it is therefore the focus of the current

research. The repeatability of any measurement tool is highly important, to ensure

results are reliable63.164

and as shown in the literature review in Chapter 2, the previous
repeatability studies examining the Bruce protocol have been flawed with regards to
the statistical analysis used, standardised instructions, and controlling for learning effect

of the Bruce protocol.

In many scenarios, completing a maximal exercise test while measuring expired air is
not possible, whether that be due to a person’s physical limitations such as pain or
fatigue, or to a lack of specific testing equipment3®33, In these situations, prediction
equations are used to calculate the person’s predicted VOamax, based on certain
variables such as age, weight, submaximal heart rates or exercise test durations#1%,
However, predictions equations may over- or under-predict a person’s VOzmax>*%°, and

choosing the correct prediction equation and method of testing is highly important®!.

There is also poor consensus regarding the type of data sampling to be used to
determine the VOamax from the collected test data'®>'%, Measurement of VO, during
exercise via indirect calorimetry provides a large volume of data. A number of methods
for averaging this data are available to researchers, such as time averaging the last 30

167 or averaging the highest available 30 seconds of VO, data**, or by

seconds of data
obtaining a rolling average of breath-by-breath VO, data for any number of breaths and

choosing the highest average®®179, Due to these varying options, no set conclusion is
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available as to which provides the most accurate VOamax value, and therefore ensuring

a repeatable measurement of VOamax from one test to the next is difficult.

The first aim of the current study was to examine the repeatability of the Bruce protocol
in measuring VOamax for male university students and staff members, by following a
strict protocol to repeat the test with the participants on three occasions, and
comparing results using a variety of statistical analysis methods. The second aim of the
study was to examine the results from various prediction equations in calculating VO2max
and comparing these results to the known VOxmax values for the participants. The
varying methods of data averaging to determine a VOamax Were also examined for each
of the participant’s collected data, to identify and compare any differences between

their results.

5.2 Methods

5.2.1 Recruitment and Screening

Ethical approval was obtained in June 2019 for this study from the Faculty of Health
Sciences Ethics Committee, at Trinity College Dublin (Appendix 11, pg. 127). A sample
size calculation for this study was undertaken, with a result of twenty-three participants
required (Appendix 4, pg. 107). An email and poster campaign to recruit healthy male
volunteers from the staff and students of Trinity College Dublin was launched, and ran
from October 2019 to March 2020, with the recruitment email being sent to all staff and
students under the School of Medicine, as well as posters being displayed around the
university campus. Volunteers expressed interest via email to the lead investigator and
were screened against the list of inclusion and exclusion criteria. Volunteers were
eligible to participate if they were healthy non-smoking males between ages 18 to 45
years, and currently a staff or student member of Trinity College Dublin. Volunteers
were excluded if they were female, non-fluent in English, a current smoker or had quit
within the past six months, had any physical or cognitive disability affecting their ability
to give informed consent or safely exercise on a treadmill, or had any medical condition
or past medical history including cardiac, pulmonary and metabolic conditions (full list

of conditions in Appendix 5, pg. 108). All participants were required to have a low risk
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of cardiovascular event, as per the American College of Sports Medicine (ACSM)

Guidelines for Exercise Testing and Prescription'>® (Appendix 6, pg. 109).

5.2.2 Pre-test Instructions and Baseline Assessments

Included volunteers were given the Participant Information Leaflet (Appendix 12, pg.
128) at least seven days before their first testing session. They were informed not to
complete any vigorous activity in the 24 hours preceding the testing session, and to fast
from midnight the night before the testing session. They were also requested to take
public transport or drive to the test centre, to avoid being fatigued due to an active
commute. At the start of the first session, the main aims and processes of the study
were explained, as well as the risks and benefits of participating in the study and details
relating to data processing and data protection. Agreeable volunteers gave their

informed, signed consent before the testing session began (Appendix 13, pg. 135).

Each participant completed the Physical Activity Readiness Questionnaire (PAR-Q'7?;
Appendix 9, pg. 123) as a screen for safety to exercise, as well as the International
Physical Activity Questionnaire — Short Form (IPAQ-SF'7?, Appendix 14, pg. 138) to
obtain a subjective measure of their usual physical activity levels. Following this, the
participant’s height was measured using a Seca 213 stadiometer, and they completed
a bioimpedance analysis on a body composition analyser (Tanita MC 180-MA), which
included body weight measurement. As in the previous study, to ensure participants’
blood glucose and blood cholesterol were normal, these were measured via a finger-
prick blood test using the PRIMA 3-in-1 Self-Testing Kit. Resting blood pressure was
tested using an OMROM M3 Comfort electronic blood pressure monitor, after a five-
minute seated rest. Prior to each test, the COSMED Quark CPET (Cardiopulmonary
Exercise Testing) was calibrated according to the manufacturer’s specifications. The
COSMED heart rate monitor was attached at the apex beat on the chest of the
participant, and resting heart rate was measured. The final explanation of the test,
including the termination criteria and a reminder of the risks, as well as instructions
for measuring the rating of perceived exertion (RPE) and lactate measurement, was
given. The face mask was secured, as well as the safety harness on the treadmill

(treadmill make: Viasys LE 300CE). The treadmill display and the COSMED Quark data
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output were hidden from participants’ view to blind them throughout testing to their

test duration, HRmax and VO2max achieved.

5.2.3 Exercise Testing

The standard Bruce protocol was followed for the VOamax testing (Table 5.1).

Table 5.1 Standard Bruce protocol

Stage Duration Speed (km-h?) Incline (%)
1 3 minutes 2.7 10
2 3 minutes 4.0 12
3 3 minutes 5.5 14
4 3 minutes 6.8 16
5 3 minutes 8.1 18
6 3 minutes 8.9 20
7 3 minutes 9.7 22

RPE was recorded in the last thirty seconds of each stage, and the finger-prick lactate
test was measured at the start of each stage, from Stage 4 onwards, using the Lactate
Plus Lactate Meter (Nova Biomedical). Heart rate and VO, were monitored throughout
the test. Standardised verbal encouragement (written following research by Andreacci
et al.’'” and Midgley et al.}”3) was given every twenty seconds from the 9™ minute
onwards during each test (Appendix 15, pg. 140). Termination criteria for the maximal
test were as follows:

e Pain, discomfort, or anginal equivalent in the chest, neck, jaw, arms or other
areas that may have resulted from ischemia;

e Failure of heart rate to increase with increased exercise intensity;

e Signs of poor perfusion (light-headedness, confusion, ataxia, cyanosis, pallor,
nausea or cold/clammy skin);

e Shortness of breath, wheezing, leg cramps or claudication;

e Physical or verbal manifestations of severe fatigue;

e Participant desired to stop;

e Technical difficulties with monitoring heart rate or pulmonary gases, or any
other testing equipment failure;

e Participant completed all seven stages of the protocol.

Once the test was terminated, the participant completed a five-minute walking cool-
down at 2.7km-h! before removing the harness, facemask and heart rate monitor, and
having a seated rest. Post-test blood pressure and heart rate were taken, and the

participant was asked to define their main reason for stopping the test.
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Participants were requested to return for two more sessions on the same day of the
week, each a week apart, to repeat the maximal treadmill testing. Participants were
asked to keep their physical activity levels unchanged for the duration of their
involvement in the study. The second and third testing sessions consisted only of body
weight, resting blood pressure and resting heart rate measurements, followed by the
maximal treadmill testing as described above for the first session. As for the first test,
participants were requested to fast from midnight the night before their test, not to
complete any vigorous physical activity in the 24 hours prior to testing, and to take

public transport or drive to the test centre, for their second and third testing sessions.

5.2.4 Physical Activity Monitoring

Participants were given an ActiGraph activity monitor after their first testing session,
to wear for the following seven days. This was to determine their usual average weekly
physical activity levels. They were given verbal instructions and provided with an
instruction booklet and an activity diary (Appendix 16, pg. 141), and were requested

to return the activity monitor at their next testing session.

At the end of the third and final session, the participants were given the results from
their tests and activity monitoring in the form of a personalised health report
(Appendix 17, pg. 145) and were given the opportunity to ask any questions regarding

the testing and their results.

5.2.5 Time and Breath-by-Breath Averaging to Calculate VO2max

The VO, data output from each test completed was analysed in Excel following several
different methods of time and breath-by-breath sampling, to calculate the VO2max value,
as described by previous authors:

e the last 30-seconds of VO, data at maximal exertion (LAST30S)67:170;

e the highest 30-second rolling average during the test (HIGH30S)**174;

e the highest 15-second block average (BLOCK15S)1’> and highest 30-second
block average (BLOCK30S)®%170 during the test;

e the highest 15-breath rolling average (ROLL15BR)%%170 during the test.
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5.2.6 Prediction equations

Six prediction equations were used to calculate VOamax for each test by each participant.
Table 5.2 outlines each equation. “Bruce 1” and “Bruce 2” equations were from the
same study’: one quoted in the text of the study by Bruce et al.! (“Bruce 1”); the other
presented as an equation of the line and cited by Crouse et al.1%> when examining
prediction equations (“Bruce 2”). Two methods of interpreting the ACSM equations
were found: one from the ACSM’s Guidelines for Exercise Testing and Prescription
book*' and the other described by Lee et al.3! when examining prediction equations.
The final equation was the Fitmate equation as described by Lee et al.3' and was
included as it was the equation used in the previous submaximal study (Chapter 4). To
calculate age-predicted maximal heart rate (HRmax), the Tanaka et al.'>* equation was

used.
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Table 5.2 Prediction Equations
Equation Name | Equation Explanation
“Bruce 1! VOzmax = 6.70 - (2.82 x sex Regression  equation for healthy
weighting) + (0.056 x D) participants
- Sex weighting: men =1; 0 = women
- D = Duration of maximal treadmill test, in

seconds
“Bruce 2! VOzmax = (3.778 x D) + 0.19 | - Regression equation for active men
- D = Duration of maximal treadmill test, in
minutes
“Foster”13 VOzmax = 14.8 - (1.379 x D) + | - Regression equation for any population
(0.451 x D?) - (0.012 x D3) - D = Duration of maximal treadmill test, in
minutes
ACSM running  VO,= 3.5+ (0.2 x speed) + - Conduct treadmill test to 85% of age-
equation: (0.9 x speed x grade) predicted HRmax [Tanaka et al.>* equation:
“ACSM2018”%1 208 — (0.7 x age)]

- Extrapolate HR values from exercise test to
age-predicted HRmax, against test time, to
determine which stage of Bruce protocol
would have been achieved at maximal
exertion.
- Use equation to calculate VOymax at that
stage: speed of that stage in m-min’; grade
that stage as treadmill grade percentage, in
decimal form.
ACSM walking  VO,= 3.5+ (0.1 x speed) + - Calculate submaximal VO, for Stages 1, 2,
equation (1.8 x speed x grade) and 3 of Bruce protocol.
“ACSMLee”3! - Conduct treadmill test to 85% of age
predicted HRmax °*.
- Average HR for last 30s of each stage 1, 2,
3. If participant did not complete stage 3,
average HR for last 30s of test, instead of
Stage 3.
- Determine equation of the line of best fit
through submaximal VO, and HR for the
three points.
- Extrapolate line to age-predicted HRmax,
and calculate predicted VOzmax.
Linear equation of the line, | - Exercise to 85% age-predicted HRmax.
plotting VO, against heart | - Plot the measured VO, against measured
rate (equation different for | HR up to the 85% age-predicted HRmax end-
each individual) point.
- Get the linear equation of the line.
- Extrapolate VO, to the age-predicted
HRmax, to get VOamax.
- HRmax predicted with Tanaka et al.'®*
equation.

“Fitmate”3!
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5.2.7 Statistical Analysis

Paired-samples t-tests were used to compare the results from different sampling
methods for VOamax for each test. Limits of agreement were used to compare the
difference in VO2max from the first and second tests, as well as the second and third tests,
and between different methods of sampling. Limits of agreement were also used to
compare test durations. Correlation coefficients, the coefficient of variation, and paired-
samples t-tests for significance were calculated for VO,max and duration values between
repeated tests. Paired-samples t-tests, correlation coefficients and coefficients of
variation were used to compare the prediction equation results to each other, and to
the VO,max measured with maximal testing. Significance was set at p < 0.05 for paired-

samples t-tests.

5.3 Results
5.3.1 Participants

Forty-three people expressed interest in participating, via e-mail. At the completion of
testing, fifteen participants had completed all three testing sessions, and a further four
participants had completed their first and second tests, but were unable to complete
their final test session due to the closure of the university during the Covid-19 pandemic.
Their results are included in the analysis of comparison between Test 1 and Test 2.

Figure 5.1 shows the full participant inclusion flow-chart.
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(n=43)

Volunteered for participation and
screened for inclusion

A

Included for participation (n = 28)

Excluded (n = 15)

Failed to schedule testing
(n=7)

Female volunteers (n = 2)
Currently on medication (n = 1)
Not current Trinity College
Dublin student/staff (n = 5)

A

A 4

A 4

Completed all 3
testing sessions
(n=15)

Figure 5.1 Participant inclusion flowchart

Completed 2
testing sessions
prior to university
closure (n =4)

9)

Excluded from results analysis (n =

Test stopped due to
irregular HR reading during
test (n=1)

Participant cancelled
further testing (n = 2)
Failure of HR monitoring
equipment during testing
(n=3)

Completed only one test
prior to university closure
(n=3)

Baseline characteristics of the participants can be seen in Table 5.3. All data was

normally distributed. All included participants were healthy, with no cardiac or other

medical conditions. Participants’ ages ranged from 18 to 41 years, with the majority of

participants under 25 years of age (63.2%). According to self-reported physical activity

levels, 79.0% of participants reported achieving greater than 150 minutes of moderate

to vigorous physical activity (MVPA) per week. ActiGraph data showed that all

participants achieved greater than 150 minutes of MVPA during the week in which they

wore the activity monitor. When analysing bouts of physical activity lasting longer than
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ten minutes, however, only 55.6% of the participants achieved the recommended
guidelines of greater than or equal to 150 minutes of moderate-vigorous physical

activity.

Table 5.3 Baseline characteristics of participants (n=19)

Characteristic Mean (standard deviation)
Age (years) 26.3(7.7)
Height (cm) 179.9 (5.7)
Weight (kg) 76.14 (9.4)
BMI (kg-m?) 23.4(2.1)
Basal metabolic rate (kcal) | 1886 (209.6)
Fat mass (kg) 11.95 (4.6)
Fat Percent (%) 15.43 (4.8)
Free fat mass (kg) 63.98 (6.7)
Muscle mass (kg) 60.79 (6.4)
Bone mass (kg) 3.18(0.3)

5.3.2 Maximal Exercise Tests

Fifty-three maximal treadmill tests were completed in total. All participants achieved
maximal exercise test criteria for the tests completed. Common reasons given for
stopping the test were leg fatigue or cramping (26/53, or 49.1%), breathlessness (16/53,
or 30.2%), or for both breathlessness and leg fatigue (7/53, or 13.2%). Two tests were
stopped by the researcher, as the participant plateaued at heart rate max; one
participant reported stopping due to “taste of blood in his mouth” and one participant
did not give a reason for stopping one test. The duration between the majority of tests
was one week (79.4%), however some participants had shorter (5.9%) or longer (14.7%)
durations between their testing sessions, due to personal scheduling difficulties. The
longest duration between a subsequent test was 23 days, and the shortest duration was

6 days.

5.3.3 Analysis of VO, data

Five methods of time and breath-by-breath sampling were used to determine VOzmax
from the indirect calorimetry data output of VO,. Paired-samples t-tests comparing
different methods showed that there were significant differences between all methods

of data averaging (p < 0.05), excluding between BLOCK15S and ROLL15BR for both Tests
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1 (p =0.414) and 2 (p = 0.084), or between HIGH30S and BLOCK15S for both Tests 2 (p
= 0.139) and 3 (p = 0.670). The full results are in Appendix 18.7 (pg. 158). Absolute
differences between each data sampling method for each participant were also
calculated (Appendix 18.8, pg. 159) and it was found that across the three tests, the
mean value of VOxmax differences between methods was small (Test 1 = 0.60

ml-kgl-min’; Test 2 = 0.61 ml-kg*-min’!; Test 3 = 0.72 ml-kgX-min?).

5.3.4 VOymax values compared to Normative Data

Looking at results from the highest rolling 30-second average VO data, it was found that
41.5% of results were categorised as “superior” when compared to normative age-
based data®>. Following this, 18.9% were “excellent” results, 30.2% were “good”, and

9.4% were classed as “fair” or “poor” results.

5.3.5 Repeatability of Bruce protocol in measuring VO2max using highest 30-second
average

To analyse the repeatability of the Bruce protocol, the highest rolling 30-second average
(HIGH30S) sampling method of VO, was chosen as it is commonly used, and
recommended by the American Heart Association**. The LAST30S sampling method was
also analysed for repeatability, as taking data from the maximal effort point, or last 30-
60 seconds of an exercise test, was a common method among the studies examined in

the Chapter 2 literature review>4>7->%61,

For HIGH30S repeatability analysis, the limits of agreement (LOA), as described by Bland
and Altman®* were used to compare the difference in VO2max between the participants’

first and second tests, as well as their second and third tests (Figures 5.2 and 5.3).
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LOA of VO,,,., (HIGH30S): Test 1 versus Test 2 (n = 19)
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Figure 5.2 Limits of agreement (LOA) of VO;max (HIGH30S) between Test 1 and Test 2

The limits of agreement in VOamax between the first and second tests ranged from 4.49
to -4.71 ml-kg*-min! (Figure 5.2). This gave a difference range of 9.2 ml-kg'-min?
between the first and second time that participants completed the maximal Bruce
protocol. The mean difference between Test 1 and Test 2 measurements was -0.11
ml-kg>-minl. The lower and upper 95% confidence intervals (95% Cl) for the mean
difference were -1.42 ml-kg>min?t and 1.02 ml-kg'-min, respectively (ranging 2.26

ml-kgt-mint).
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LOA of VO,,,., (HIGH30S): Test 2 versus Test 3 (n = 15)
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Figure 5.3 Limits of agreement (LOA) of VOmax (HIGH30S) between Test 2 and Test 3

Comparing VOamax results from the second and third test, the limits of agreement were
found to range from 1.82 to -2.45 ml-kg*-min! (Figure 5.3), giving a difference range of
4.27 ml-kgl-minl. The mean difference between these repeated tests was -0.32
ml-kg>minl. The lower and upper 95% Cl for the mean difference were -0.92

ml-kg*mint and 0.29 ml-kg'*-min’, respectively (ranging 1.20 ml-kg*-min?).

Correlation coefficients, coefficients of variation and paired-samples t-tests were also
assessed for VOamax (Table 5.4) between the repeated tests. To calculate the coefficient
of variation, within-participant SD was divided by within-participant mean, and
multiplied by 100, for each repeated measure for each individual. The mean CVs for all
participants are displayed in Table 5.4. For all comparisons, correlation was high (r >
0.9), percentage variation was low (£2.6%) and no significant difference was found in

any of the tests (p >0.05).

Table 5.4 Statistical analysis between repeated tests for VO;max (HIGH30S)

Test 1 vs Test 2 Test 2 vs Test 3
Correlation Coefficient r=0.95 r=0.99
Mean Coefficient of Variation 2.6% 1.1%

(SD +1.6; range 0.2-6.0%) (SD +1.0; range 0.1-3.4%)
Paired-sample t-test p=0.838 p=0.280
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5.3.6 Repeatability of Bruce protocol in measuring VOamax averaged from last 30s of
exercise test

Limits of agreement were used to analyse the difference between VOamax averaged from
the last 30s of testing (LAST30S) also, from Test 1 and Test 2, as well as between Test 2

and Test 3 results (Figures 5.4 and 5.5).

LOA of VO,,,., (LAST30S): Test 1 versus Test 2 (n = 19)
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Figure 5.4 Limits of agreement (LOA) of VO2max (LAST30S) between Test 1 and Test 2

For LAST30S data, the limits of agreement in VO2max between the first and second tests
ranged from 5.78 to -5.45 ml-kgt-min? (Figure 5.4), with a difference range of 11.23
ml-kgl-mint. The mean difference in VO2max values was 0.16 ml-kg'*-min’t. The lower
and upper 95% Cl for the mean difference were -1.22 ml-kglmin! and 1.54

ml-kg'*-mint, respectively (ranging 2.76 ml-kgt-min?).
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LOA of VO
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Figure 5.5 Limits of Agreement (LOA) of VOzmax (LAST30S) between Test 2 and Test 3

Comparing VOamax results from the second and third test for LAST30S data, it was found

that the limits of agreement were from 2.84 to -3.27 ml-kg*-min (Figure 5.5), giving a

difference range of 6.11 ml-kg'*-min™l. The mean difference was -0.22 ml-kg*-min™. The

lower and upper 95% Cl for the mean difference were -1.08 ml-kg*-min™* and 0.65

ml-kg'*-mini, respectively (ranging 1.73 ml-kg*-min%).

Correlation coefficients, coefficients of variation and paired-sample t-tests were again

assessed for this set of VO.max data (Table 5.5) between the repeated tests. For all

comparisons, correlation was high (r > 0.9), percentage variation was low (<3.3%) and

no significant difference was found in any of the tests (p >0.05).

Table 5.5 Statistical analysis between repeated tests for VO;max (LAST30S)

Test 1 vs Test 2 Test 2 vs Test 3
Correlation Coefficient r=0.93 r=0.98
Mean Coefficient of Variation 3.3% 1.5%

(SD £2.0; range 0.9-9.0%) (SD 1.6; range 0.01-5.1%)
Paired-samples t-test p =0.806 p =0.602

Regardless of sampling method (HIGH30s or LAST30s), the number of participants with

an increasing VO2max from Test 1 to Test 2 (52.6%) was almost equal to the number of

participants decreasing in VOamax between their first and seconds tests (47.4%).
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Comparing Test 2 to Test 3, 66.7% of participants had an increase in VOamax

measurement in Test 3 compared to Test 2.

5.3.7 Duration of exercise tests

LOA were also used for assessing difference in maximal test duration between the first
and second test repetitions (Figure 5.6) and the second and third repetitions (Figure

5.7).

LOA of Duration: Test 1 versus Test 2 (n=19)
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Figure 5.6 Limits of agreement (LOA) for maximal test duration between Test 1 and Test 2

The limits of agreement for difference in duration between Test 1 and Test 2 ranged
from 45.19s to -64.14s (Figure 5.6). This gave a range of 109.33s. The mean difference
was -9.47s. The lower and upper 95% Cl for the mean difference were -22.92s and 3.97s,

respectively (ranging 26.89s).
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LOA of Test Duration: Test 2 versus Test 3 (n = 15)
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Figure 5.7 Limits of agreement (LOA) for maximal test duration between Test 2 and Test 3

The limits of agreement comparing test durations from Test 2 and Test 3 ranged from
29.12s to -32.59s (Figure 5.7). The range between these two was 61.71s. The mean
difference was -1.73s. The lower and upper 95% Cl for the mean difference were -10.45s

and 6.98s, respectively (ranging 17.44s).

Correlation coefficients, coefficients of variation and paired-samples t-tests were
analysed for duration data also (Table 5.6), and again the results indicated high
correlation (r>0.9), low variation (CV £1.9%) and no statistical difference between tests

(p > 0.05).

Table 5.6 Statistical analysis between repeated tests for test duration

Test 1 vs Test 2 Test 2 vs Test 3
Correlation Coefficient r=0.96 r=0.99
Mean Coefficient of Variation 1.9% 1.0%

(SD +2.0; range 0.3-7.9%) (SD +0.8; range 0.1-2.8)
Paired-samples t-tests p=0.156 p=0.676

The majority of participants achieved a longer test duration in their second test
compared to their first (63.2%), while 46.7% of participants increased their test duration

from Test 2 to Test 3.
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5.3.8 Prediction equations

Paired-samples t-tests were used to compare predicted VOamax results to the measured
VO2max from the HIGH30s method (Table 5.7). All equations, excluding the “ACSMLee”
and “Fitmate” equations, were significantly different to measured VOzmax for both Tests
1 and 2. The “Bruce 1” and “Foster” results were the only significantly different results
compared to measured VOzmax in Test 3.

Table 5.7 Paired-samples t-tests comparing predicted VOzmax to HIGH30S measured VO2max
p-values Test1 | p-values Test 2 p-values Test 3

“Bruce 1” 0.000* 0.000* 0.001*
“Bruce 2” 0.000* 0.005* 0.057
“Foster” 0.000* 0.000* 0.000*
“ACSM2018” | 0.003* 0.009* 0.215
“ACSMLee” 0.064 0.869 0.084
“Fitmate” 0.093 0.601 0.253

Significant p-values indicated with *

Coefficients of variation and correlation coefficients between the measured (HIGH30s)
and predicted VOxmax results are displayed in Table 5.8. Both ACSM equations generally
had the highest CVs and the lowest correlation coefficient values, while the other four
equations were more highly correlated to the measured VOzmax, and had less
percentage variation.

Table 5.8 Mean coefficients of variation (CV) and correlation coefficients (CC) between

measured VO;max (HIGH30S) and each predicted VO max
CV%Testl CV%Test2 CV%Test3 | CCTestl CCTest2 | CCTest3

“Bruce 1” 6.7 5.9 5.4 0.92 0.91 0.92
“Bruce 2” 4.6 4.3 3.8 0.92 0.91 0.92
“Foster” 7.5 6.9 6.0 0.92 0.91 0.92
“ACSM2018” 7.8 8.5 8.4 0.72 0.69 0.40
“ACSMLee” 7.8 8.0 8.5 0.43 0.32 0.56
“Fitmate “ 5.4 7.1 5.9 0.75 0.64 0.72

Looking at absolute values of measured and predicted VO,max, and the mean differences
between these, it was found that on average the difference between measured and

predicted VOzmax ranged from 4.80 to 5.04 ml-kg*-min* (Table 5.9).
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Table 5.9 Mean difference (+SD) between measured VOzmax (HIGH30S) and predicted VOamax
(absolute values, ml-kg*-min)

Test1 Test 2 Test 3
“Bruce 1” 4.95 (+2.7) 4.49 (+3.3) | 4.14(+3.2)
“Bruce 2” 3.37 (¥2.2) 3.30(*2.2) 2.95 (+2.3)
“Foster” 5.35 (+2.8) 5.02 (+2.7) | 4.43(+2.8)
“ACSM2018” 5.67 (+2.9) 5.99 (+4.2) | 6.33 (+4.6)
“ACSMLee” 5.71 (+4.5) 6.14 (+t4.4) | 6.41(+3.8)
“Fitmate” 4.05 (+3.6) 5.30(+3.1) | 4.54 (+3.8)
Mean Difference 4.85 (+0.8) 5.04 (+0.9) 4.80 (+0.8)

Looking specifically at the ACSM equations, it was found that across all three tests, the
“ACSM2018” equation under-predicted 69.8% of VOamax values, while the “ACSMLee”

equation under-predicted 60.4% of VOzmax results.

The HIGH30S measured VO:max results and test durations were examined for each
participant in the current study, to determine which stage of the Bruce protocol each
participant achieved. Table 5.10 displays the coefficient of variation between the VO2zmax
results of participants who reached the same final stage of the Bruce protocol as each
other, as well as the range in VOamax values that were achieved. This analysis was done
to demonstrate the wide range in actual VOxmaxat specific stages of the Bruce protocol,

versus what the ACSM running equation would have predicted as VOamax for that stage.

The ACSM running equation predictions for VO, achieved at different stages of the Bruce

protocol are presented in table 5.11.

Table 5.10 Mean Coefficient of Variation (CV) between participants’ VO,max results at Stages
4, 5, and 6 of the Bruce protocol, and the ranges in VO,m.x between participants at these

stages
Test 1 Stage 4 Stage 5 Stage 6
Mean CV (%) 12.4 9.5 8.8
Range (ml-kg*-min?) | 39.58 —51.51 44,94 -62.24 58.93 - 69.81
Test 2 Stage 4 Stage 5 Stage 6
CV (%) 8.4 7.3 10.8
Range (ml-kg-min?) | 39.91-47.22 47.40-59.20 53.19-71.37
Test 3 Stage 4 Stage 5 Stage 6
CV (%) 5.3 8.5 10.8
Range (ml-kg*-min?) | 40.23 -43.35 46.92 —57.98 53.41-71.92
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Table 5.11 Predicted VO, following ACSM Running equation (ml-kg*-min)
Stage 4 Stage 5 Stage 6

Predicted VO, (ml-kg*-min™) 42.49 52.37 59.87

All raw data relating to this maximal Bruce protocol repeatability study can be found in

Appendix 18 (pg. 150).

5.4 Discussion

5.4.1 Repeatability in measuring VOamax

The main aim of this study was to examine the repeatability of the Bruce protocol, by
comparing the measured VOamax between three repeated maximal Bruce treadmill tests.
The results from the correlation coefficient analysis, as well as coefficients of variation
and paired-samples t-tests, seemed to indicate that the VO>max measurements were
highly repeatable. Regardless of the method of VO, data sampling, the correlation
coefficients were high, the coefficient of variation percentages were low, and the
paired-samples t-tests showed no significant difference between the repeated values.
However, the limits of agreement plots showed less obvious results. Judging the
repeatability of a test cannot be reliant on correlation coefficients or coefficients of
variation, where similar results are expected because the same variable has been tested
in the same participant under the same conditions®*. The differences must be analysed,
and in doing so, it can be seen in the results of this study that there are more differences
between results than first meets the eye. The minimal clinically important difference
(MCID) for VO2max for healthy individuals is generally taken to be 3.5 ml-kg-min1 158159,
In the comparison between the first and second tests, the limits of agreement spanned
4.49 to -4.71 ml-kgt-min?! (with HIGH30s data) or 5.78 to -5.45 ml-kg*-min?t (with
LAST30s data) — either of which was clearly a much larger difference between repeated
tests than could be accounted for by the MCID. Large increases in VO2max may be seen
in individuals completing high intensity exercise training between repeated VOamax
measurements, but not in controls who have had no change in their exercise levels!’®
178 just as the current participants had no change in physical activity or exercise training

which may have influenced their VO2max between tests.

There was a smaller range in limits of agreement between the second and third tests

repeated: 1.82 to -2.45 ml-kgt-min (HIGH30S) or 2.84 to -3.27 ml-kg*-mint (LAST30S).
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Examining these LOA plots (Figures 5.3 and 5.5) it can be seen that the majority of
differences lie between 1 and -1 ml-kg>-min for Test 2 versus Test 3 results, which
could be accounted for by the MCID. However, such a difference between the first and
second repetition of the test — where no difference ought to have been present, as tests
were carried out under the same conditions and with no intervention or training
occurring between the two tests that might have influenced VOamax in the participants
— calls into question the reliability and repeatability of the Bruce protocol. Often, this
protocol is utilised to determine a change in aerobic capacity in participants or patients
post an intervention’°182_ |f such a variation can occur between identical repetitions of
a test, how can researchers and clinicians be confident that any change in VOamax is due

to their intervention, and not merely caused by the test protocol itself?

Similarly, there was a larger variation in duration of maximal tests between the first and
second tests, compared to between the second and third tests. As certain prediction
equations for VOamax depend on the duration of a maximal exercise test!3, the
variation from one repetition to the other could influence the accuracy of the

determined aerobic capacity.

The greater difference between the first and second repetition, compared to between
the second and third, is likely due to a learning effect in the participants. Familiarity with
what an exercise test entails can influence the outcome in results, whether that be
mentally understanding what to expect in the test®82, or having previously physically
experienced a full exercise test!®3. The current study was designed with no
familiarisation session for participants to practice with the test equipment. Participants
were given verbal explanations and instructions prior to testing, but the first experience
with the treadmill, the testing equipment and the protocol was in completing Test 1 of
the Bruce protocol. Effectively, this was their familiarisation session, and resulted in a
change in test results and durations in their second repetitions. The participants were
blinded throughout all three repetitions to the duration, HRmax and VOamax that they
achieved during testing, to control for self-competition from one test to the next.
Testing conditions for each test repetition were carefully standardised, such as same
levels of fasting and physical exertion prior to testing, the same time of day for each

test, and the same level of physical training, if any, throughout the period of testing.
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Therefore, the only difference from Test 1 to Tests 2 and 3 was experience in completing
a maximal Bruce protocol. It is clear that learning effect influenced the participants in
this study, and that familiarisation with the protocol and equipment should be done
with each participant or patient prior to testing. Future research should examine
whether completing a full maximal Bruce test is required to eliminate the effect of
learning and experience, or if practice walking on the treadmill, and wearing the breath-

analysis equipment would suffice.

It is interesting to note that in the current study, the learning effect did not necessarily
result in an improvement in VO,max and duration of the exercise test. Although there
were no statistically significant differences between VOamax or test durations between
the repetitions, analysing the absolute values of these results can demonstrate certain
trends. The number of participants whose VOmax increased from Test 1 to Test 2 was
almost equal to those whose VO,max decreased (52.6% and 47.4%, respectively).
Regarding duration, the majority of participants increased their duration from Test 1 to
Test 2 (63.2%), but seven participants had a shorter second test compared to their first.
The study by Baden et al.8? found that VOamax Was lower for participants during a period
of running for an unknown duration, compared to when running a known 20-minute
duration. This could explain the increase in VOzmax from Test 1 to Test 2 for some of the
current study’s participants — as Test 1 was an unknown duration for these participants,
and for Test 2 they had a better understanding of what to expect. In contrast, the
memory of the strong leg fatigue and cramping or the heavy breathlessness post
maximal exertion may have influenced some participants to hold back in their second
test subconsciously, resulting in lower VOamax values in their repeated test, as

psychological factors can influence exercise performance!®,

5.4.2 VO, data sampling methods and repeatability

Another factor that may influence the repeatability of the Bruce protocol is the lack of
consensus or clear guidance on the correct sampling method to determine the VO2max
from the breath-by-breath measurement of VO, throughout the test!6>166:170.175 pye to
“noise” in the data (inaccurate VO, measurements) caused by coughing, sneezing,
talking or interference with the measuring equipment during testing, the single,

absolute highest value for VO, is generally not taken as VOamax'%°. Instead, researchers
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and clinicians use a variety of data averaging methods, sampling different durations or
different numbers of breaths throughout the test or at the point of maximal effort, to
determine the person’s VO2max*®>70. It can be seen from the five data sampling methods
used in this study that there was variation in VOxmax results for each participant,
depending on the sampling method used. Significant differences were noted between
most sampling methods when paired-samples t-tests were used to compare methods,
although the numerical difference between VOamax values for the same test was lower
than 3.5 ml-kg*-min! (MCID for VO2max) for the majority of participants (Appendix 18.8,
pg. 159). However, there were differences, and for some participants who achieved a
plateau in VO, or a higher point of VO, during the testing than they had in their last
thirty seconds, the type of sampling method used did affect their final VO2max value. The
repeatability analysis did not change between the two sampling methods chosen for
comparison in this study, but the differences highlight the importance of consistency in
whatever sampling method is used. Whether doing repeat testing, or exercise testing
before and after an intervention, one definitive sampling method must be consistently

used to analyse the breath-by-breath data.

5.4.3 Consistency in repeatability testing

Previous studies examining the Bruce protocol’s repeatability have had varied or vague
descriptions exercise testing conditions, instructions for participants and familiarisation
with equipment prior to testing®7°6°8, The integrity of a repeatability study depends
on identical testing procedures and set up from one test to the next, as well as in an
accurate choice of statistical analysis?®. It is therefore imperative to have a strict testing
procedure for clinical exercise testing, whether being used as a once-off test to
determine aerobic capacity or to measure change post intervention. Results can be
reliably compared once it is certain they have come from the same testing procedure.
This is difficult to achieve for VO.max testing, when there is such little guidance and
consensus on pre-test instructions, familiarisation for participants with equipment and
protocols, and data sampling methods to determine the highest VO, level measured.
The current study was designed to account for as many variables as possible, following
practices from previously published repeatability studies, combined with guidance from

the ACSM and experience from completing the submaximal testing study (Chapter 4).

75



Trinity College Dublin (TCD) Kate Macnamara

Participants were male-only, to eliminate any influence of the menstrual cycle on the
obtained VOamax results. All participants fasted from midnight the night before testing
and were requested to limit their physical activity levels prior to testing. To the
researchers’ best ability, participants completed their repeated tests on the same day
and at the same time, each a week apart, and tests were conducted by the same
researcher at each repetition. These measures controlled for many variables, to ensure
that any found variation between VOamax in repeated tests could be attributed to the

Bruce protocol itself, and not to other reasons.

5.4.4 Reasons for Test Termination

Some researchers have found when comparing the Bruce protocol to other treadmill
protocols that participants struggle with the protocol due to the steep, progressive
incline and are limited more by leg cramping and discomfort rather than feeling they
reached their maximal aerobic fatigue?*?%18, Participants reported similar difficulties in
the current study, with 49.1% of participants quoting leg fatigue or cramping due to the
incline as their reason for voluntary termination of the test, rather than breathlessness.
A further 13.2% of tests were ended due to leg fatigue along with breathlessness. It may
be hypothesised that if these participants had not suffered from leg pain due to the
steepness of the treadmill, they may have been able to continue for a longer duration
and potentially achieve a higher VO, than they did in their current tests. It is another
reason, although subjective, for querying the reliability and repeatability of the Bruce
protocol — as this protocol is influenced by leg strength and endurance, as well as

aerobic capacity.

5.4.5 Predicting VOamax

The importance of having the ability to predict VOamax for people who cannot complete
a maximal test, or for situations where the technical equipment is not available, has
been well established3%8%9, Six equations were examined in the current study. The
analysis results showed that many of the prediction equations differed significantly from
the measured VO:max values. The mean coefficient of variation between measured and
predicted values ranged from 3.8% to 8.5%. Correlation coefficients comparing the

“Bruce 1”, “Bruce 2” and “Foster” predictions to the measured VOamax showed high
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correlation; however, as discussed previously, correlation coefficients are not always a
reliable statistic when comparing two measurements of the same value or variable. The
CC values for both ACSM equations against measured VOamax were low, which is in line
with  previous research demonstrating the inaccuracy of the ACSM
equations31:3>102103,120 A interesting finding in the current study was that both ACSM
equations tended to under-predict, rather than over-predict, the VOamax value, which is
contrast to other study findings3>192193, Either way, it has been shown that the ACSM

equations are not accurate or reliable in predicting VO2max.

Another issue with the method of predicting VO2max using the ACSM running equation
as explained in the ACSM’s Guidelines for Exercise Testing and Prescription book*! is
that every participant reaching a specific stage receives the same VOxmax predicted value
(for example, everyone reaching Stage 5 has a predicted VOzmax of 52.37 ml-kg*-mint)
—when in reality, the variation in VOamax for a specific stage among participants is large.
This is demonstrated in Table 5.10. For example, in the current study for participants
who reached Stage 5 of the Bruce protocol in their Test 1, the mean coefficient of
variation between their results was 9.5%, with a range in values from 44.94 to 62.24
ml-kg*-min’l. The same analysis for Test 2 and Test 3 between results of participants
reaching Stage 5 showed mean coefficients of variation of 7.3% and 8.5% respectively,
and ranges of 47.4 to 59.2 ml-kg*-min, and 46.92 to 57.98 ml-kg'*-min~, respectively.
There is clearly a wide variation in VO,max for one stage of the Bruce protocol, and
therefore, an equation that generalises the prediction so broadly across a full three-

minute stage is not reliable.

The “Fitmate” prediction equation was examined as it was the method used to predict
VO2max in the previous submaximal study (Chapter 4). Coefficients of variation and mean
difference values were similar to those of the other equations examined, while
correlation coefficient results lay between the high results found for the Bruce and
Foster equations, and the lower correlation found for the ACSM equations. Regarding
paired-samples t-tests, there was no significant different between predicted and
measured VOmax for any of the test repetitions. These results demonstrated that the
“Fitmate” equation may be more reliable than the ACSM equations, but not as accurate

as those predictions from the Bruce or Foster equations.
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Looking at the absolute values of mean differences in VO2max between measured and
predicted methods, it can be seen that all equations excluding “Bruce 2” varied from
the measured VOamax value by more than the MCID for VOzmax (3.5 ml-kg™t-min™).
Therefore, by using any of these equations, it is not possible to ensure that the value
predicted is accurate. If using the equations to determine a change in VOamax post-
intervention, for example, it will not be clear if the change is due to prediction error, or
a physiological change in the person themselves, as the predicted value could vary a
great deal from the true VO2max for that person. The current study found that the “Bruce
2” equation showed the smallest percentage variation, indicating that it may be the only
reliable prediction equation for VOamax in healthy male populations, for use with the

Bruce treadmill protocol.

5.4.6 Study Limitations and Future Recommendations

The current study was limited by the small number of participants included. Although
the sample size calculation was for twenty-three people, the shut-down of the
University due to the COVID-19 pandemic resulted in only fifteen participants
completing all three tests. Similar to the submaximal study from Chapter 4, a limitation
of this maximal repeatability study is the small sample size, which did not achieve the
required number as per the sample size calculation. This may have impacted the
statistical results of the study, as having a small sample size reduces the power of the
study®2-%4, The main method used for determining repeatability in this study was limits
of agreement, where a wide confidence interval for the mean difference may reflect a
small sample size. Larger sample sizes would demonstrate a narrow 95% confidence
interval (95% Cl) if the measure was in fact repeatable®* 37, However, in this maximal
study, the 95% ClI for the mean difference in VOamax testing between Test 1 and Test 2
ranges 2.26 ml-kgt-min’, and ranges 1.2 ml-kg*-min! for results between Test 2 and
Test 3. Both these ranges are within the MCID of 3.5 ml-kg*-min’, and therefore are
deemed narrow confidence intervals. This indicates that the small sample size did not
affect the limits of agreement analysis for this study, and the conclusions regarding the
repeatability of the Bruce protocol based on limits of agreement may be deemed valid.
Future studies would benefit from having larger sample sizes to improve the power of

these findings.

78



Trinity College Dublin (TCD) Kate Macnamara

Another limitation regarding participants was that the participant group was relatively
homogenous, due in part to the inclusion/exclusion criteria, but also perhaps by the
type of person interested in volunteering for fitness research. The age range for eligible
volunteers was 18- to 45-year olds, however the majority of participants were under 25
years of age (63.2%). All participants were physically active at baseline, and all
participants were at a low risk of any cardiovascular disease. Including participants with
a wider risk level, a broader physical ability level, and looking at females as well as males
would give a clearer picture of how repeatable the Bruce protocol is across a general
population. This is an important consideration for future research, as the protocol is
used in with a wide variety of populations?12218618 The consistency in testing
procedures and set up was discussed above; however, the limitations of timetabling and
human decisions must be considered also. Although every attempt was made to ensure
identical repeated tests, the seven-day duration between tests was sometimes
unachievable due to participant illness or changes in their schedule. The influence of
human error on human research may be inevitable and unavoidable, but future
research into repeatability should continue to strive for consistency and control over as
many variables as possible. The best method of data sampling and averaging still
requires further research to achieve a consensus, but researchers should ensure
whichever method chosen is used consistently throughout testing, to ensure results can

be reliable compared to one another.

5.5 Conclusion
The results of the current study show that the Bruce protocol is not repeatable for
measuring VOamax in healthy male participants between the first and second repetition
of a test. If, however, a session of familiarisation has been conducted with a full Bruce
protocol maximal test, the results between a second and third repetition are likely
repeatable. The influence of learning effect from the first to the second repetition of
the test must be accounted for in future testing, so that all participants have a physical
understanding of the testing experience. In completing Bruce protocol testing, a clearly
defined protocol for familiarisation with testing equipment, verbal instructions,

preparations for participants and facility set up must be followed, to ensure accurate
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measurement of VOzmax during each test. The best method of breath-by-breath data
analysis is currently unknown, and therefore it is recommended that one clear and
consistent method is chosen and followed for all tests carried out with an individual in
any specific research or clinical facility. If the use of prediction equations is required to
determine VOamax, research must be done to choose an equation that best suits the
population to be tested. The current study concludes that the most accurate prediction
equation for use with healthy male adults is the “Bruce 2”, and the ACSM equations

should be avoided for VO,max prediction, when used with the Bruce treadmill protocol.
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Chapter 6: Discussion

6.1 Introduction
The four studies in this thesis have each highlighted the importance of repeatability
within the Bruce treadmill protocol, as well as that currently its repeatability is still
questionable. Both literature reviews into the topics of repeatability and prediction
equations provided clear areas for further research. With guidance from these reviews,
two exercise studies were developed and conducted. Comparing the results of all four
studies, the similarities and differences which were found between previous literature
and the current studies’ findings, emphasise the importance of clear, specific testing
protocols, of accurate choice in statistical analysis of results, and of the strong influence
of learning effect on repeated tests. These similarities and differences are discussed

below.

6.2 Literature Reviews and their Influence
The literature search for previous Bruce protocol repeatability studies spanned several
decades of research, with eleven studies found eligible for analysis. The quality of
reporting in these studies was generally poor, as determined by the AXIS risk of bias
assessment tool®2. Scores for the assessment were generally low in areas regarding
defining and justifying participants, and regarding statistical analysis. These findings
assisted with the design of the submaximal and maximal studies that were to follow in
this research masters, where a clear selection process for participants and calculation
and justification of sample size was completed. The statistical methods chosen for
analysing data, as well as the careful presentation of the results were also influenced by

the poor quality of presentation in previous repeatability literature®7,>3-55:58,60,

The submaximal and maximal research studies included only healthy male participants,
although the repeatability literature review included males and females both healthy
and with cardiac conditions. Although research has generally shown that different
phases of the menstrual cycle do not have an effect on female VO2max'8%1°1, the use of
oral contraceptives may affect VOamax°%1°%1%3, and the menstrual cycle may affect

ventilation®*1%5 |actate threshold or blood lactate response to exercise!®®!%’ and
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submaximal VO2values!®®. There is difficulty in generalising findings relating to variation
during the menstrual cycle in physiological and performance factors across the female
population®®®. As the current research was examining repeatability, and there is high
importance in such research to control for as many variables as possible2%200.201 " the
maximal and submaximal studies for the current thesis included only male participants,
to eliminate any possible variation in VOamax that could have been due to stage of
menstrual cycle for female participants, rather than due to the Bruce protocol itself. For
similar reasons, due to the strong relationship between VO,max and cardiovascular
disease?, only healthy participants with low risk of cardiovascular disease (CVD) were
included in the studies — again to control for any effect CVD may have on the VOzmax
measurements. Future research into the repeatability of the Bruce protocol would do
well to further investigate healthy females as well as those with cardiac or other medical

conditions.

Previous repeatability studies and studies examining prediction equations showed wide
variation with regards to pre-test instructions and conditions, and guidance during the
testing itself, with several studies publishing no information regarding instructions given
to participantst17°361100105 The varying instructions across the literature guided the
formation of the current studies’ detailed protocols, which had strict instructions
regarding fasting duration prior to testing, levels of physical activity allowed during the

testing weeks, and verbal instruction during each maximal test.

6.3 Bruce Protocol Repeatability
6.3.1 Repeatability Statistical Analysis

As previously discussed in both the repeatability literature review and in the maximal
Bruce protocol repeatability study (Chapters 2 and 5), correlation coefficients are not
sufficient to independently determine the repeatability of the Bruce protocol.
Correlation coefficients were included in both the submaximal and maximal
repeatability studies during data analysis, to have as a comparison to previous study
findings, but the conclusions drawn about the repeatability were based on analysis from

multiple statistical tests conducted. It is interesting to compare the findings from
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previous literature, to the submaximal and maximal findings from the current thesis.
The literature review yielded the conclusion that further research into the repeatability
of the Bruce protocol was required, with focus on limits of agreement analysis, and a
more standardised procedure for conducting the Bruce protocol. The majority of
previous studies only conducted two Bruce treadmill tests, and therefore based
repeatability conclusions on comparisons between first and second VOzmax test results.
The submaximal study (Chapter 4) was designed as an initial study to examine the
repeatability of the Bruce protocol. Due to a learning effect identified in the literature
review, three Bruce treadmill tests were conducted, with repeatability conclusions
based on the comparison of second and third test VOamax results. While correlation
coefficients and coefficients of variation were similar to those from the literature
review, the range in limits of agreement was much broader, when compared to the
results from the study by Jakovljevic et al.>. Comparing Test 1 and Test 2 results,
Jakovljevic et al.>® found a range in LOA of 2.7 to -5.3 ml-kg*min. The submaximal
study’s LOA ranged from 4.86 to -10.35 ml-kg'-min? between Tests 1 and 2, and
between Tests 2 and 3 ranged from 6.67 to -7.96 ml-kgtmint. These findings
demonstrated that at a submaximal testing level, with VOamax predicted through an
equation, the Bruce protocol was not repeatable in determining the VOamax for a healthy
male population. Therefore, the research was continued following the maximal Bruce
protocol with a new sample of participants from the same population, hypothesising
that the repeatability analysis based on limits of agreement would show similarly poor

results comparing repeated VO2max measurements.

It was found, however, that the maximal exercise test study results more closely
resembled the results from the repeatability literature review than they did the
submaximal study results. This was especially in relation to the limits of agreement,
which showed much narrower limits under maximal treadmill testing than with
submaximal testing. This may have indicated that the maximal Bruce protocol was
repeatable, where the submaximal version of the test was not. One similarity, however,
between the submaximal and maximal testing studies was the learning effect noted in

regard to repeated VOamax measurements across the three repeated tests. This is an
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important factor when considering the Bruce protocol’s repeatability in measuring

VOa2max, and is discussed below.

6.3.2 Learning Effect

Learning effect is a topic that arose across all repeatability analysis in this thesis. Its
influence over the accurate determination of aerobic fitness has been widely discussed.
Several studies that found differences between their first and second repetitions of the
Bruce protocol in VOamax and test duration put these findings down to learning
effect>®>>>°, The submaximal Bruce protocol study identified a significant difference
between first and second repeated tests (p = 0.013), but no significant difference
between Test 2 and Test 3 results (p = 0.473). A larger range in LOA, and a larger mean
difference in VOamax values from Test 1 to Test 2, compared with differences from Test
2 to Test 3 was also observed. This was put down to the influence of a learning effect
for participants. Similar results were found in the maximal Bruce protocol study.
Although no statistically significant difference was found between any repeated tests,
the LOA analysis identified a larger difference between the first and second VOamax
values, compared with differences between Test 2 and Test 3 results. As every measure
was taken to ensure identical testing conditions for each test repetition, the difference

in VO2max results was attributed to learning effect across the three repetitions.

In conclusion for Bruce protocol repeatability, the maximal protocol appears to be
repeatable in measuring VOamax, but only from a second to third repetition of the test.
Due to the presence of a learning effect, familiarisation with the full maximal Bruce
protocol test should be included with all participants prior to testing, because of the
large range in VO2max between the first and second test repetitions found in the current

study.

Looking at the submaximal Bruce protocol study results, however, the prediction of
VO2max from submaximal Bruce protocol testing is not repeatable, with a large variation
in differences between repeated VOamax predicted results. This may be due to the
prediction equation chosen, or due to the submaximal testing protocol itself, and

further research is warranted to investigate both of these factors more closely.
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6.4 Prediction Equations

6.4.1 Choice of prediction equations for current research

The Fitmate prediction equation described by Lee et al.3! was used in the submaximal
study, as it the most suitable equation identified for use following the literature review
of Chapter 3. In the maximal Bruce protocol study, the “Fitmate” equation, along with
five other equations also identified through the literature review were chosen for
analysis. All the chosen equations utilised exercise-based variables to calculate VOamax.
The literature review in Chapter 3 discussed prediction equations using non-exercise
variables, finding mixed results regarding the benefit of these types of equations. It was
concluded that as the gold standard for measuring VO2max comes from completing a
maximal exercise test, that equations based on exercise data would provide more
accurate results than those based on non-exercise variables alone. Non-exercise
equations are generally used due to their convenience as no exercise testing is
required'?>13%132 phyt as the maximal Bruce protocol study would provide specific
exercise data for participants, non-exercise equations were therefore not chosen for

analysis.

Throughout the current research, the Tanaka et al.'>* equation was used to predict
maximal heart rate based on age. Research has shown that the commonly used “220-
age” equation is unreliable in predicting HRmax accurately in various
populations>4202:203 1t js difficult to attribute credit for the creation of the “22-age”

formula?®*

and it has been recommended by a number of researchers that other
formulas, specific to the population, should be used to determine HRmax rather than
“220-age”?%4205 The Tanaka et al.?>* equation was chosen as its formulation was based
on healthy males and females (similar to the current population of healthy males), and
because it has been recommended as an accurate and suitable HRmax predictive

equation by the ACSM* and other researchers?0%206,

6.4.2 Accuracy of equations used

When examining the predicted VO,max values for participants in the submaximal Bruce
protocol study, it was found that the majority of results were classed as “superior” or

“excellent” (92.3%), compared to age-based normal VOxmax values™. The results
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seemed unexpectedly high, but since no data was gathered regarding the physical
activity levels of these participants (such as their average time spent in physical activity
per week, or the level and intensity of training in which they participated) and as actual
VO2max Was not measured in these participants, it was not possible to conclude that the
prediction equation had over-estimated the participants’ VO2max. Perhaps all those who
volunteered for the study were very physically active and fit individuals, and did indeed
have superior VO2max levels compared to their peers. The maximal Bruce protocol study
drew from the same population as the submaximal study of healthy male staff and
students from Trinity College Dublin, and so the results from both studies could be
accurately compared to each other. Participants in the maximal Bruce protocol study
completed the International Physical Activity Questionnaire — Short Form (IPAQ-SF)!7?
and also wore a physical activity monitor (ActiGraph) for seven days during the study, in
an attempt to gain a clear picture of their normal physical activity levels. According to
their self-reported physical activity levels, 79% of participants achieved at least 150
minutes of moderate-vigorous physical activity (MVPA) per week. Comparing this to
their ActiGraph physical activity levels, all participants achieved more than 150 minutes
of MVPA per week, but only 55.6% had MVPA in bouts of ten minutes or longer. The
American College of Sports Medicine*! recommends MVPA be conducted in bouts of ten

minutes or longer to gain physiological benefits from exercise.

The VOamax results for the maximal Bruce protocol study were compared to the normal
values provided by Heyward and Gibson'*>. It was found that for these participants, the
results were more evenly dispersed across the normal values (superior = 41.5%;
excellent = 18.9%; good = 30.2%, fair/poor = 9.4%). The physical activity data gathered
through the IPAQ-SF and ActiGraph monitoring showed that the participants in the
maximal Bruce protocol study were generally physically active people, and therefore
the majority of VO.max values being classed as “good” or above reflected this. It can be
assumed that participants from the submaximal study would have had similar physical
activity levels to those in the maximal study, and so their predicted VO2max values should
have been dispersed similarly to that of the maximal Bruce study results. This finding
indicates that the “Fitmate” equation may have over-predicted the VO,max results in the

submaximal study, although when comparing the measured VOzmax results with those
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predicted by the various equations in the maximal Bruce protocol study, the “Fitmate”
equation performed similarly to other equations (“Bruce 1”, “Bruce 2” and “Foster”
equations). Taking all these findings into consideration, it may be concluded that the
“Fitmate” equation appears to incorrectly predict VOamax in healthy male participants,

but further research with a larger cohort should be conducted to confirm this.

Regarding the ACSM equations, the literature review in Chapter 3 concluded that these
equations overestimated VOamax for healthy participants. In contrast to this, it was found
in the maximal Bruce protocol study that both ACSM equations examined (“ACSM2018”
and “ACSMLee”) under-estimated participants’ VOamax. The “ACSM2018” equation
underestimated 69.8% of all tests, while the “ACSMLee” equation underestimated
60.4% of all tests. The studies that examined the ACSM equations from the predictions
equations literature review had larger participant numbers than the current

31,102 "\which could account

study31192193 and two of these included female participants
for the differences in results. Other studies have found that VO2max prediction equations
tend to under-predict VO2max for fitter populations®®2%72%8 As previously discussed, the
participants from the maximal Bruce protocol study were fit individuals with generally
high VO2max results, and this could account for the underprediction of their VO2max with
the ACSM equations, compared to previous research. In either respect, it can be

concluded that the ACSM equations have not been shown to accurately predict VO2max

for healthy individuals, and so should not be used in future research.

One finding from the prediction equations literature review (Chapter 3) was that
equations based solely on exercise test duration failed to accurately predict VO2max. In
the maximal Bruce protocol study, both the “Bruce 2” and the “Foster” equations used
only duration data. It was found that both equations had statistically significant
differences between all their predictions and the corresponding measured VO2zmax
(excluding predicted values by “Bruce” 2 in Test 3, p = 0.057). However, both equations
had high correlation coefficient values (r 20.91) with the measured VO2zmax, and “Bruce
2” had the lowest mean coefficient of variation percentages across all examined
prediction equations (CV% <4.6%). Therefore, the results from the current research is in
contrast with previous findings, and duration as a prediction variable may have strong

influence over the predicted VOamax. Further research into duration as a prediction
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variable, whether individually or as a combination with other variables such as treadmill

grade and speed, or non-exercise data, is still required.

6.5 Limitations
The main limitations of the current research have been the small sample sizes in both
studies. As the submaximal study was a pilot study and undertaken as part of an
undergraduate research project, the sample size was small due to the time limitation on
the project. For the maximal Bruce protocol study, the sample size calculation was for
twenty-three participants. When the research began in October 2019, it was anticipated
that there would be sufficient time for recruitment and testing. Due to the Covid-19
pandemic, however, this time was cut short in March 2020. There were a number of
volunteers scheduled to begin testing at that time, whose participation was first
postponed and subsequently cancelled due to continued University closure. There had
also been a recruitment plan to display more posters and send the recruitment email to
further eligible staff and students for the end of term and summer periods, which
researchers were unable to carry out due to the pandemic. As discussed in both
Chapters 4 and 5 regarding the impact of the small sample sizes, these may have
affected the statistical results of the submaximal study. However, the maximal Bruce
protocol study took into account the many factors affecting repeatability and VOazmax
testing, and its limits of agreement results demonstrated that the small sample size did
not affect its findings — therefore, the conclusions that the maximal Bruce protocol is
not repeatable for measuring VOamax between its first and second repetitions may be
taken to be a valid result. Future studies should aim to have a larger sample size to

strengthen the findings found from the current research.

Another limitation in both studies was the homogenous sample of participants
regarding fitness level and age. Although people were eligible to participate if aged
between eighteen and forty-five, the majority of participants were under 25 years of
age. As recruitment was taken from the staff and students of Trinity College Dublin, the

findings may not be universally applicable to the population of “healthy males”.
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6.6 Future Recommendations
While the maximal Bruce protocol exercise test appears repeatable in healthy adult
males, the main finding of the current research is the influence of learning effect on the
VO2max results between first and second rest repetition. Future studies into the area of
Bruce protocol repeatability in measuring VO2max should focus on exploring this learning
effect further, with larger participant sample sizes. It should be determined whether a
full maximal Bruce protocol is required as familiarisation, to eliminate the learning effect
on VOamax measurement, or whether a submaximal version of the protocol would
suffice. The duration between the familiarisation session and the actual exercise test
session to measure VO2max should also be examined, to determine how long the learning

effect has influence over the VOzmax measurement.

Expanding this repeatability research with broader population cohorts should also be
done, such as female participants, younger and older cohorts, and those with cardiac
conditions as well as other clinical conditions. The Bruce protocol is widely used across
many populations both clinical and healthy, and although it appears repeatable in the
currently examined healthy male cohort, its repeatability and in particular the effect of
practice and learning on the measured results in other populations should be examined.
As performed in the current research, repeatability studies should also use more
detailed and specific statistical analysis in determining the Bruce protocol’s repeatability
in measuring VOamax, rather than simply looking at correlation between repeated
measurements. The differences between repeated measures is highly important, and
the use of limits of agreement, as described by Bland and Altman®*, will more clearly

display how repeatable the measurement is.

Regarding prediction equations, further research is required into determining the best
variable or combination of variables to accurately predict VOamax in healthy males.
Future research focusing on whether exercise-based equations are more accurate for
individuals, compared to those using non-exercise variables alone would be beneficial
in this field. Often the ability to complete a maximal treadmill test, or to measure VO,
during exercise testing, is restricted for researchers and clinicians, and having a reliable
equation to use alongside the Bruce treadmill protocol or as a stand-alone equation,

would be of great benefit. This again should be examined in a wide population base of
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males and females, as well as in healthy and clinical cohorts, to make research findings

more widely applicable.
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Chapter 7: Conclusion

In conclusion, the maximal Bruce protocol is repeatable when used to directly measure
VO2max in healthy male participants, but only when a full exercise test is completed as
familiarisation. Learning effect from the first to second repetition of the test may
influence the VOzmax results, and should be taken into account with familiarisation
sessions to ensure accurate testing results. The submaximal form of the Bruce protocol

treadmill test was not found to be repeatable in predicting VO2amax.

When measuring VOamax is not possible directly, and prediction equations are required
in conjunction with the Bruce protocol, the current research concludes that the ACSM
equation —based on the grade and speed of treadmill tests —and the “Fitmate” equation

.31 — based on measured VO, and heart rates — are not accurate

as described by Lee et a
methods of predicting VOamax. Prediction equations based on exercise data are
preferable to those based on non-exercise variables. There are a number of variables
that may be used, such as heart rate or test duration, but the findings of the present
work are inconclusive as to which variables are the most accurate for VOamax prediction.

If at all possible, VO2max should be measured through a maximal exercise test, and not

predicted with equations, to ensure the most accurate result.
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Appendices

Appendix 1: Full List of Search Terms Input to the Embase, Medline, CINAHL
and Web Of Science Databases

Search Number Search term

1 ‘exercise test” OR ‘treadmill’ OR ‘treadmill ergometry’

OR treadmill exercise’

2 ‘bruce’ OR ‘bruces’

3 Search 1 AND Search 2

4 (‘bruce’ OR ‘bruces’) WITHIN 3 WORDS OF (‘protocol’
OR ‘test’)

5 Search 3 OR Search 4

6 'diagnostic accuracy' OR 'comparative study' OR

'evaluation study' OR 'reproducibility' OR 'reliability"
OR 'sensitivity and specificity' OR 'validity' OR
'validation study' OR 'prediction and forecasting' OR
'odds ratio' OR 'statistical model' OR 'receiver

operating characteristic'

7 ABBREVIATIONS OF ‘Reproducibil’ OR ‘sensitiv’ OR
‘specificity’ OR ‘reliab’ OR ‘valid’ OR ‘accura’ OR

‘repeatability’ OR ‘estimat’

8 ‘predict’” WITHIN 2 WORDS OF ‘value’
9 ‘utility’ WITHIN 2 WORDS OF ‘test’
10 ‘roc curve’ or ‘received operating characteristic’ OR

‘kappa coefficient’ OR ‘intra-rater’ OR ‘inter-rater’ OR
‘interrater’ OR ‘intrarater’ OR ‘rater’ OR ‘likelihood
ratio’ OR ‘likelihood function’ OR ‘odds ratio’ OR ‘test-

retest’ OR ‘responsive’

11 Search 6 OR Search 7 OR Search 8 OR Search 9 OR
Search 10
12 Search 5 AND Search 11
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Appendix 2: AXIS Risk of Bias Tool>?

Don’t know/
Question Yes No
Comment

Introduction

1 | Were the aims/objectives of the study clear?

Methods

2 | Was the study design appropriate for the stated aim(s)?

3 | Was the sample size justified?

Was the target/reference population clearly defined? (1Is it clear who the

4 research was about?)

5 Was the sample frame taken from an appropriate population base so that it
closely represented the target/reference population under investigation?

6 Was the selection process likely to select subjects/participants that were

representative of the target/reference population under investigation?

7 | Were measures undertaken to address and categorise non-responders?

Were the risk factor and outcome variables measured appropriate to the aims
of the study?

Were the risk factor and outcome vaniables measured correctly using
9 | instruments/measurements that had been trialled, piloted or published
previously?

Is it clear what was used to determined statistical significance and/or

e precision estimates? (e.g. p-values, confidence intervals)
Were the methods (including statistical methods) sufficiently described to
11
enable them to be repeated?
Results

12 | Were the basic data adequately described?

13 | Does the response rate raise concerns about non-response bias?

14 | If appropriate. was information about non-responders described?

15 | Were the results intermally consistent?

16 | Were the results presented for all the analyses described in the methods?

Discussion

17 | Were the authors' discussions and conclusions justified by the results?

18 | Were the limitations of the study discussed?

Other

Were there any funding sources or conflicts of interest that may affect the

19 | authors’ interpretation of the results?

20 | Was ethical approval or consent of participants attained?
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Appendix 3: Ethical Approval Confirmation Document for Submaximal
Exercise Testing Study

Colaiste na Trionoide, Baile Atha Cliath
Trinity College Dublin

Ollscoil Atha Cliath | The University of Dublin

9= ¥

o 8 o

bl

Kate MacNamara

Discipline of Physiotherapy
Trinity Centre for Health Sciences,
St James's Hospital,

Dublin 8

5thFebruary 2019

Ref: 181205

Title of Study: A study of the repeatability of the Submaximal Bruce Protocol

graded treadmill testin measuring VO2 and predicting maximal
VO2.

Dear Kate,

Further to a meeting of the Faculty of Health Sciences Ethics Committee held in
December 2018. We are pleased to inform you that the above project has ethical
approval to proceed.

As aresearcher you must ensure that you comply with other relevant
regulations, including DATAPROTECTION and HEALTH AND SAFETY.

Yours sincerely,

Prof. Brian O'Connell

Chairperson
Faculty Research Ethics Committee
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Appendix 4: Sample Size Calculation for Submaximal and Maximal Bruce
Protocol Repeatability Studies

Sample size was calculated using the sample size table for two-sample t-tests, as
. . . . A
shown below. A two-sided test was required, and the equation required was D = e

Previously published studies examining the repeatability of the Bruce protocol in
measuring VOamax Were used to determine the appropriate values for a, B, A and o (see
key below).

Key:
Symbol Definition Value
a The significance level deemed appropriate; in this case, 0.05 is the | 0.05
significance level used in many previous Bruce protocol
repeatability studies> >5-57,39 61,

Level of risk deemed appropriate in case of failing to detect a 0.2
difference in the sample size (probability of type Il error).
A The difference deemed important to detect; in this case, the 3.5

minimal clinically important difference (MCID) in VO2max.
o Size of the standard deviation (SD) which describes the expected 4.41
chance variation; in this case, calculated from mean SD across
previous Bruce protocol repeatability studies? >3-5% 57,5961,
D=A/0=3.5/4.09=0.86 (rounded to 0.85 on table below). With B = 0.2, sample size
=23.

a = 0.025 (one-tail) a =0.05 (one-tail)
a = 0.05 (two-tails) a = 0.10 (two-tails)
B 001 005 0.1 001 005 01 02
D
070 76 55 44 34 66 45 36 26
075 67 48 39 29 57 40 32 23
080 59 42 34 26 50 35 28 21
52 37 31 Q@ 45 31 25 18
000 47 34 27 21 40 28 22 16
095 42 30 25 19 36 25 20 15
100 38 27 23 17 33 23 18 14
110 32 23 19 15 27 19 15 11
120 27 20 16 12 23 16 13 10
130 23 17 14 11 20 14 11 9
140 20 15 12 10 17 12 10 8
150 18 13 11 9 15 11 9 7
160 16 12 10 8 14 10 8 6
170 14 11 9 7 12 9 7 6
180 13 10 8 6 11 8 7 5
190 12 9 7 6 10 7 6 5
200 11 8 7 6 9 7 6 4
210 10 8 6 5 8 6 5 4
220 9 % 6 5 8 6 5 4
230 9 7 6 5 7 5 5 4
240 8 6 5 4 7 5 4 4
250 8 6 5 4 6 5 4 3
300 6 5 4 4 5 4 3 3
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Appendix 5: Full List of Participant Exclusion Criteria
Exclusion Criteria: Yes | No

Female gender

Have a Physical or mental impairment leading to an inability to exercise
adequately

Personal History of a cardiac (acute cardiac event, unstable chest pain,
irregular heartbeat, cardiac infection), respiratory or metabolic (e.g. diabetes,
renal disease) condition, or show any major signs or symptoms suggestive of
these conditions (such as those described by the American Heart Association’s
Guidelines for Exercise Testing (Fletcher et al.2003) and the American College
of Sports Medicine Risk Stratifications)

2 or more of the following:

Have family history of myocardial infarction, coronary revascularisation
or sudden death before 55 years of age in father or first-degree male
relative, or before 65 years of age in mother or other female first-
degree relative (first degree relative: parent/sibling/child)

Sedentary lifestyle

BMI > 30kg-m?

High levels of low-density cholesterol (LDL) or low levels of high-
density cholesterol (HDL)

Pre-diabetes (HbA1C 5.7-6.4%)

Answers “yes” to any PAR-Q questionnaire which could contraindicate
exercise testing: screen each “yes” answer individually.

Have Known blood pressure abnormalities (e.g. hypertension/hypotension)

Have any neuromotor, musculoskeletal or rheumatic condition, any
inflammatory, autoimmune or allergic conditions, any chronic infectious
disease (e.g. Hepatitis C, HIV/AIDS)

Use medications

Have had any Musculoskeletal injury in the previous 3 months

Current smoker, or quit smoking within the past 6 months

Have Epilepsy

Have a Fitted electronic device (e.g. pacemaker)

Exclusion for any other reason deemed appropriate by the lead investigator
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Appendix 6: American College of Sports Medicine Cardiovascular Risk
Classification Guidelines

Appendix 6.1 ACSM’s Cardiovascular Risk Classification®>3

Review Health/
Medical History
for: Known Disease,
Signs/Symptoms,
CVD Risk Factors

!

Cardiovascular: Cardiac, peripheral vascular, or
Known CV, cerebrovascular disease
Pulmonary, Metabolic Pulmonary: COPD, asthma, interstitial lung disease,
Disease'? or cystic fibrosis
Metabolic: Diabetes mellitus (Types 1 and 2) or
(see Table 2.3) renal disease

Yes No Palrl, discomfort in the chest, neck,
l jaw, arms, or other areas that

may result from ischemia
Shortness of breath at rest or with
mild exertion

Ma]or S|gns or Dizziness or syncope
Symptoms Suggestive Orthopnea or paroxysmal nocturnal

d
of CV, Pulmonary, Ankie edema

Metabolic Disease? Palpitations or tachycardia
Intermittent claudication

Known heart murmur

Unusual fatigue or shortness of breath
<€ Yes No l with usual activities

Age
Family History
Current Cigarette

; Smoking
NumbeFr gt(?rgo Risk — Sedeptary Lifestyle

Obesity

Hypertension
Dyslipidemia
Prediabetes

Y Y Y

. \ Moderate Low
High Risk Risk Risk

M FIGURE 2.3. Logic model for classification of risk. CV, cardiovascular; CVD, cardiovascular
disease.

109



Trinity College Dublin (TCD) Kate
Macnamara

Appendix 6.2 ACSM’s Cardiovascular Disease Risk Factors®®3

Atherosclerotic Cardiovascular Disease (CVD) Risk Factors and

Defining Criteria (26,31)

Risk Factors Defining Criteria
Age Men =45 yr; women =55 yr (12)
Family history Myocardial infarction, coronary revascularization, or sudden death

before 55 yr in father or other male first-degree relative or before
65 yr in mother or other female first-degree relative

Cigarette smoking Current cigarette smoker or those who quit within the previous
6 mo or exposure to environmental tobacco smoke

Sedentary lifestyle Not participating in at least 30 min of moderate intensity, physical
activity (40%-<60% VO,R) on at least 3 d of the week for at least
3 mo (22,30)

Obesity Body mass index =30 kg + m~2 or waist girth >102 cm (40 in) for
men and >88 cm (35 in) for women (10)

Hypertension Systolic blood pressure =140 mm Hg and/or diastolic =90 mm Hg,

confirmed by measurements on at least two separate occasions, or
on antihypertensive medication (9)

Dyslipidemia Low-density lipoprotein (LDL) cholesterol =130 mg - dL !
(3.37 mmol - L") or high-density lipoprotein? (HDL) cholesterol
<40 mg - dL " (1.04 mmol - L") or on lipid-lowering medication.
If total serum cholesterol is all that is available, use =200 mg - dL !
(5.18 mmol - L) (21)

Prediabetes? Impaired fasting glucose (IFG) = fasting plasma glucose
=100 mg - dL " (5.65 mmol - L ') and =125 mg - dL !
(6.94 mmol - L") or impaired glucose tolerance (IGT) = 2 h values
in oral glucose tolerance test (OGTT) =140 mg - dL '
(777 mmol - L") and =199 mg - dL " (11.04 mmol - L") confirmed
by measurements on at least two separate occasions (5)

Negative Risk Factors Defining Criteria
High-density lipoprotein =60 mg - dL " (1.55 mmol - L")
(HDL) cholesterol

7f the presence or absence of a CVD risk factor is not disclosed or is not available, that CVD risk factor

should be counted as a risk factor except for prediabetes. If the prediabetes criteria are missing or unknown,
prediabetes should be counted as a risk factor for those =45 yr, especially for those with a body mass index
(BMI) =25 kg - m 2, and those <45 yr with a BMI =25 kg - m 2 and additional CVD risk factors for prediabetes.
The number of positive risk factors is then summed.

bHigh HDL is considered a negative risk factor. For individuals having high HDL =60 mg - dL ' (1.55 mmol - L 1),
for these individuals one positive risk factor is subtracted from the sum of positive risk factors.

VO,R, oxygen uptake reserve.
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Appendix 6.3 ACSM’s Recommendations based on Risk Classification®>3

Risk
Classification

Low Risk
Asymptomatic
<2 Risk Factors

Moderate Risk
Asymptomatic
>2 Risk Factors

High Risk
Symptomatic, or
known cardiovascular,
pulmonary, renal, or
metabolic disease
(see Table 2.3)

l

l

l

Medical Exam Rec
Before Exercise?

Medical Exam Rec
Before Exercise?

Medical Exam Rec
Before Exercise?

Before Exercise?

Mod Ex - No
Vig Ex - No

Mod Ex - No Mod Ex - No Mod Ex - Yes
Vig Ex - No Vig Ex - Yes Vig Ex - Yes
Exercise Test Rec Exercise Test Rec Exercise Test Rec

Before Exercise?

Mod Ex - No
Vig Ex - No

Before Exercise?

Mod Ex - Yes
Vig Ex - Yes

l

l

l

MD Supervision of
Exercise Test
if Done?
Submax - No
Max - No

MD Supervision of
Exercise Test
if Done?
Submax - No
Max - No

MD Supervision of
Exercise Test
if Done?
Submax - Yes
Max - Yes

Mod Ex: Moderate intensity exercise; 40%—<60% VO,R: 3—<6 METs
“An intensity that causes noticeable increases in HR and breathing.”

Vig Ex: Vigorous intensity exercise; 260% VO2R; >6 METs

“An intensity that causes substantial increases in HR and breathing.”

Not Rec: Reflects the notion a medical examination, exercise test, and physician
supervision of exercise testing are not recommended in the
preparticipation screening; however, they may be considered when there
are concerns about risk, more information is needed for the Ex Ry, and/or
are requested by the patient or client.

Rec: Reflects the notion a medical examination, exercise test, and physician
supervision are recommended in the preparticipation health screening

process.

m FIGURE 2.4. Medical examination, exercise testing, and supervision of exercise testing
preparticipation recommendations based on classification of risk. Ex R,, exercise prescription;
HR, heart rate; METs, metabolic equivalents; VO,R, oxygen uptake reserve.
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Appendix 7: Participant Information Leaflet for Submaximal Exercise Testing
Study

Trinity College Dublin Participant
Colaiste na Trionodide, Baile Atha Cliath

The University of Dublin Information Leaflet

A study of the repeatability of the Submaximal Bruce Protocol graded treadmill test
in measuring VO and predicting maximal VO,

A research project at the Department of Physiotherapy in Trinity College, Dublin
Introduction

The maximum volume of oxygen used during exercise (VOamax) is considered the best way of
measuring a person’s level of fitness. VO,max is also strongly related to a person’s risk of
cardiovascular disease. To assess a person’s VO2max Most accurately, the person can complete
a treadmill or cycle test which pushes them to their highest level of exertion, while their breath

gases are analysed, giving a value for VO;max.

However, in some populations (e.g. the elderly, or persons with pre-existing medical
conditions), maximal exercise testing is not recommended and may be associated with
increased risk of adverse cardiac (or other health related) events during testing. In these cases,
the person can exercise on the treadmill or cycle ergometer to a certain percentage of their
estimated maximal heart rate (i.e. submaximal exertion) before stopping, while breath gases
are analysed, and data is gathered. Calculations can then be done with the data gathered

during the submaximal exercise, to estimate the person’s VOzmax.
Aim of current study

Our aim is to perform one particular submaximal treadmill exercise test, the Submaximal Bruce
Protocol, in a healthy male population, to test the accuracy and repeatability of the protocol,
and to study the accuracy of the equation used to calculate VOzmax, by comparing results from

three repetitions of the protocol in the same individual.

If you would like to take part in this study, please take time to read this document carefully.
You should understand the risks and benefits of taking part in the study, so that you can make

a decision that is right for you. This is known as “Informed Consent”.
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To take part you have to be available for three testing sessions, each one week apart. To be

eligible to participate you must be male, aged between 18 and 35 years.
Procedures

If you take part in this study, you will visit the exercise laboratory in the Trinity Centre for
Health Sciences in St James’ Hospital, or the Department of Physiology on main college
campus, on three occasions, each session one week apart. The first session will take
approximately 40-60 minutes of your time, and the additional testing sessions will each last 30

minutes. Please see below for preparation guidelines for the day of testing.

There will be 2 main components on your first visit and only 1 component on your additional

visits.
1. Body composition analysis

You will be asked to fast from midnight the night before each testing V- 4
visit. Upon arrival, your standing height will be measured. The

amount of fat, water and muscle in your body will be estimated

pogy

SRR Ry

using a machine (pictured, right) that analyses details of body

weight, body mass index (BMI), percentage body fat, muscle mass

and fat free mass. This machine is non-invasive and will not cause

any pain. You will be asked to remove your shoes and socks only for ‘.

\0

this procedure. Waist circumference and body weight will also be \
measured manually. For each additional visit, only weight will be

required.
2. Submaximal Bruce Protocol: Exercise Treadmill Test

Before you begin exercising on your first day of testing, you will be asked to complete a short
guestionnaire (the Physical Activity Readiness Questionnaire, or PAR-Q). The results of this
guestionnaire will indicate if you are safe to carry out an exercise test. Your cholesterol
and blood sugar levels will also be checked my means of a finger-prick blood test. You
will be familiarised with how the test will work, and be shown the equipment to be used
in this study: a gas analysis system with a face-mask and heart rate monitor (pictured,

right).

For each test you will be fitted with a face mask and asked to walk on the treadmill, to

follow the submaximal Bruce exercise testing protocol. It begins at a slow pace of

113


https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi74u3T35rXAhXJrRoKHfM6A2UQjRwIBw&url=http://www.sakhisalonnspaequip.com/slimming-machines-slimming-equipments.html&psig=AOvVaw2rXCvJcELBs65WV5l1OFxO&ust=1509535344265881

Trinity College Dublin (TCD) Kate
Macnamara

1.7mph, at a 10% treadmill incline, and gradually increases in speed and incline every three
minutes. Your heart rate, blood pressure and blood lactate will be monitored throughout the
test. The researcher will end the test when you reach 85% of your calculated maximal Heart
Rate. However, you can end the test at any point, if you feel pain or discomfort in your chest,
neck, limbs or any other area, if you feel dizzy, too breathless, or as if you might faint, or if you
feel too fatigued. The researcher will be monitoring for unexpected changes in blood pressure
and heart rate, and will end the test if these occur, or if there are any technical difficulties with

the equipment being used.

If there are no complications, there will be a 5-minute cool-down phase when the test is

ended, at a slow pace while your heart returns to its normal pace.
Benefits

Full analysis of fitness levels and body composition measurements will be provided to each
participant on completion of the testing procedures in the form of an individualised health
report. These can be beneficial to understand your own fitness level and how you compare to
fitness levels of the general population, and the data can be used to guide progression of your
own exercise regime. Participating in this study will also benefit this field of research by adding

toit.
Risks

Complications during submaximal exercise are rare, especially when you have been cleared
for exercise and have no medical history that increases your risk during exercise. However, as
you are exercising after a period of fasting, there is a small risk that you could experience:

pain,

fatigue,

dizziness or ataxia (loss of control of voluntary muscle movements),
difficulty breathing, or wheezing,

® nausea

e |eg cramps (claudication), or

e signs of poor blood flow (cyanosis, or pallor)

If you experience any of the above, the test will be stopped immediately, and you will be
monitored closely. If symptoms do not subside, you will be seen by a doctor and if necessary,

brought to A&E of St. James’s Hospital.

In the unlikely event of a data breach (i.e. your personal information is mislaid, lost or stolen),
you will be alerted as soon as possible and the case will be reported to the Data Commissioner

(please see contact details below).
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Exclusion From Participation

You cannot be in this study if any of the following applies to you:

e Male gender less than 18 or over 35 years old

e Female gender

¢ Non-fluentin English

e Intellectual or cognitive disability that would affect your ability to give informed
consent or exercise on a treadmill safely

e History of a cardiac (such as acute cardiac event, unstable chest pain, irregular heart
beat, cardiac infection), respiratory or neurological condition

e Known blood pressure abnormalities (e.g. hypertension/hypotension)

e Answer “yes” to any one question on the PAR-Q, which would contra-indicate exercise
testing

e Any neuromotor, musculoskeletal or rheumatic condition, any inflammatory,
autoimmune or allergic conditions, any chronic infectious disease (e.g. Hepatitis C,
HIV/AIDS), or metabolic condition such as diabetes

e Maedication use

e Musculoskeletal injury in the previous 3 months

e Smoker
e Epilepsy
e BMI>30

e Fitted electronic device (e.g. pacemaker)
e Exclusion for any other reason deemed appropriate by the lead investigator.
Confidentiality and Data Protection

What data will be collected?

Personal data to be collected in this study will include your gender, age, any relevant past
medical history, body composition, and aerobic fitness levels. This information is needed to
analyse how effective and repeatable the Submaximal Bruce Protocol is. Only personal data
which is relevant for the purpose of this study is collected and used (this is called “data

minimisation”).
Who has access to the collected data?

The data controllers for this study are the research team conducting the study (consisting of
the Lead Investigator and the Research Supervisor as named below, as well as a number of
final year undergraduate physiotherapy students) in conjunction with Trinity College Dublin.
The Lead Investigator and Research Supervisor have undergone training in data protection

law and practice, prior to starting this research.
How wiill your data be stored and protected?

Your identity will remain confidential. Your name and personal details will not be published

and will not be disclosed to anyone outside of the research team. All of your details and
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results will be coded with numerical ID to maintain your confidentiality (this is called
“pseudonymisation”). Your data will be coded, rather than being kept completely
anonymous, to allow for comparison of your results from one testing day to the next. All
information relating to you in hard-copy form will be stored in a locked filing cabinet within a
secure office only accessible by the research team, and information and records in electronic
form will be stored on a password-protected PC at the Trinity Centre for Health Sciences. Your
study information and results will be retained for 5 years in keeping with good research
practice standards and data protection legislation. It will be destroyed after this time

(electronic data will be erased, and hard copy forms will be shredded).
How wiill your data be used, now and in the future?

The information collected in this study will be analysed, and the overall findings of this study
may be published in international peer reviewed journals and may be shared at research
conferences. The results of the study may be used for comparative purposes in other studies
of a similar nature examining the reliability of the Bruce treadmill protocol. However, your
data will remain coded and your personal identifiers will never be published or disclosed to

anyone outside of this research team.

Your data will only be used for comparative purposes in studies with have Research Ethics
Committee approval. Your rights under GDPR and what will happen in the event of a data
breach as outlined below will still apply for use of data in future studies. The data controllers
and researchers in this project are bound by our Professional Code of Conduct to maintain

confidentiality regarding all data gained during this research.

Is there any risk with processing and storing your data? What will happen if there is a data

breach?

Considering that sensitive personal data relating to your health is involved, in the unlikely
event of a data breach (i.e. data being mislaid, lost or stolen), you will be notified as soon as

possible, and it will be reported immediately to the Data Protection Commissioner.
What are your rights under GDPR?

You have the right to:

e Access your data

e Rectify or correct any mistakes with your data

e Have your data erased or deleted

e Data portability (moving your data from one controller to another)
e Object to or stop the processing or profiling of your data
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e Lodge a complaint to the Data Protection Commissioner (contact: +353 57 8684800
or +353 (0)761 104 800; https://dataprotection.ie/en/contact).

What is the lawful basis to using your personal data?

Your data will be processed under the lawful basis of Article 6(1)(e) and 9(2)(j) of the EU
General Data Protection Act 2016. If you have any queries regarding your data, or the General
Data Protection Rules (GDPR), you can contact the research team (details at end of document)

or the Data Protection Officer of Trinity College Dublin, by email: dataprotection@tcd.ie .

Compensation

The research team is covered by standard medical malpractice insurance. Nothing in this

document restricts or curtails your rights.
Voluntary Participation

Participation in this study is fully voluntary, and you will be asked to sign a consent form before
taking prat, after you have read this document and have had the study procedures, risks and
benefits explained to you. You do not have to take part in this study, and you may withdraw
participation at any time, even if the study has already started. You do not have to give a

reason for not taking part in or for leaving the study.

If you decide not to participate, or if you withdraw participation, you will not be penalized and
will not give up any benefits which you had before entering the study. You should not feel in
any way obliged to take part in this study. If you do not give consent, or withdraw your consent,
no attempt will be made to access your data, and no application will be made by the research

team for a consent exemption to the Health Research Consent Declaration Committee.

If you wish to seek more information about this research study, or if you wish to opt-out,

please contact the research team on the details provided overleaf.
Stopping The Study

You understand that the research team may stop your participation in the study at any time

without your consent.
Permission

This research project was given ethics committee approval from the Faculty of Health Sciences

Research Ethics Committee, Trinity College Dublin (e-mail: ethicscommittee@tcd.ie) on
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05/02/2029. There is no known personal connection between members of the research team

and this ethics committee.
Future Contact

After completion of the study, you may be contacted again by the researchers in relation to

your study results, if you express that you would like to receive feedback on them.
On The Day Of Testing

If you consent to taking part in this study, the following points explain how to prepare for your

testing day.

e Please fast from midnight on the night before your assessment days. Please limit your
liquid intake while fasting: you may drink water, but refrain from caffeine drinks,
energy drinks, and alcohol. Fasting ensures more accurate results of body composition
analysis. A snack and drink will be provided to you after each assessment.

e Please wear loose clothes and comfortable shoes that you will be able to exercise in.

e Bring a towel, shower gel, and change of clothes if you wish to shower after testing.

e Please try to drive or use public transport to get to the testing venue and avoid walking
or cycling on the days of your visit. It will make for more accurate results of your fitness
test if you have not done much physical activity prior to testing. Please refrain from
strenuous physical activity for 24-hours prior to each assessment.

e We request that you continue your normal physical activity regime for the duration of
the study, and not to increase the training intensity or frequency.

Further Information

For more information or answers to your questions about the study, your participation in the

study, and your rights please see the contact details below.

Principal Investigator/Research Supervisor: Prof. John Gormley, Discipline of Physiotherapy,

Trinity College Dublin. Contact: Tel (01) 8962121, E-mail: jgormley@tcd.ie

Lead Investigator: Ms. Kate Macnamara, Research Masters Student, Trinity College Dublin.

Contact: Tel (01) 8963613, E-mail: macnamak@tcd.ie

Data Controller: Trinity College Dublin. Data Protection Officer, Trinity College Dublin:

Contact E-mail: dataprotection@tcd.ie
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Appendix 8: Participant Consent Form for Submaximal Exercise Testing Study

3= ¥ W Trinity College Dublin  participant Consent

g ! Colaiste na Trionéide, Baile Atha Cliath
The University of Dublin Form

Study Title: A study of the repeatability of the Submaximal Bruce Protocol graded treadmill test

in measuring VO, and predicting maximal VO,

Lead Investigator: Ms Kate Macnamara; Principal Investigator: Prof. John Gormley

Study Information

This study aims to test the accuracy and repeatability of the submaximal Bruce Protocol exercise
treadmill test, and to study the accuracy of the equation used to calculate maximal oxygen
consumption/aerobic capacity (VOamax), by comparing results from three repetitions of the

protocol in the same individual.

As a participant, you are required to attend three testing sessions in the Trinity Centre for Health
Sciences, St James’s Hospital or at Trinity College Dublin. The first session will last 40-60 minutes,
and the following two sessions will last approximately 30 minutes. Testing involves assessing body
composition (using a non-invasive body-composition analyser) and cardiorespiratory fitness (by
means of assessing breath gases during a graded exercise test on a treadmill). There will also be a
minimally-invasive finger-prick blood test to measure cholesterol and blood glucose levels prior

to exercise testing.

Once testing is completed, your fitness and body composition analysis results will be provided in
the form of an individualised health report and you will be given an opportunity to discuss these

results with the research team.

During the testing, there is a risk of experiencing pain (in chest, limbs, neck), dizziness, nausea,
difficulty breathing, fatigue, or legs cramps while exercising intensely. If this occurs, you must
inform the investigator. Testing will be stopped immediately and the investigators will assess
your condition. If further care is required due to an adverse event, you will be transported to

the nearest hospital facility for further care.

All data collected will be coded with numerical ID to maintain participant confidentiality. Data will
be stored in a secure office and on a password protected computer for 5 years after the study is
finished in accordance with good research standard guidelines and data protection legislation. It

will be destroyed after this period of time by the relevant personnel. The information will not be
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used for any other purpose other than this research study without your permission. Participation

is entirely voluntary and you may withdraw your consent at any stage of testing.

Statement of Participant’s Consent

Explicit, informed, voluntary consent to partake in the research study.

Please tick each item to give your consent.

| confirm that | have read and fully understood the relevant | YES[] NO LI
Participation Information Leaflet (dated 25" January 2019) provided

to me.

| understand | will be asked to undertake a research assessment | YES [] NO [

which collects data about my gender, age and relevant past medical
history, as well as the assessment of body composition, and my
aerobic fitness by use of a treadmill test (the Submaximal Bruce
Protocol). | have been assured that information about me will be
kept private and confidential.

| understand the risks explained to me and listed above, regarding | YES [ NO [
pain, dizziness, nausea, fatigue and breathlessness during exercise
testing. | am aware of the benefits and risks of this research study.

| have had the opportunity to discuss the study and ask questions | YES [ NO [
about the study, and | have received satisfactory answers to all my

questions.

| have received enough information about this study and | YES[ NO [
understand what is involved if | agree to participate.

| understand that | am free to withdraw from the study at any time | YES [J NO [
without giving a reason and with no consequence to myself.

| agree to be contacted by researchers as part of this study. YES [ NO [
| freely and voluntarily consent to take part in this research study | YES [J NO [

having been fully informed of the risks, benefits and alternatives.
Participant’s Name (BLOCK CAPITALS)
Participant’s Signature

Date

Phone Number

To be completed by the Researcher:
| have fully explained the purpose and nature (including benefits and | YES [ NO [
risks) of this study to the participant in a way that he could
understand. | have invited him to ask questions on any aspect of the
study.

| confirm that | have given a copy of the information leaflet and | YES [ NO [
consent form to the participant.
Researcher’s Name (BLOCK CAPITALS)
Researcher’s Title and Qualifications
Researcher’s Signature

Date

*You are now entering a separate part of this consent form, relating to data protection*

Explicit, informed, voluntary consent regarding data protection.
| understand that all of my data will be pseudonymised and | YES [J NO[]
minimised for this study titled “A study of the repeatability of the
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Submaximal Bruce Protocol graded treadmill test in measuring VO,
and predicting maximal VO,”. The words ‘pseudonymisation’ and
minimisation’ have been explained to me.

| understand my name or other personal identifiers will not be
disclosed to anybody not involved with this study and my personal
data will be kept strictly confidential.

YES I

NO [

| understand the research team (study investigators) will be
processing my data and they, in conjunction with Trinity College
Dublin, are in control of my data.

YES [J

NO [

| understand that my data will be used for study analysis, published
in peer reviewed journals, in presentations, and may be
disseminated at conferences but my data will remain confidential
and none of my personal identifiers will be disclosed in these
circumstances.

YES [J

NO [

| understand how my data will be stored (pseudonymised and
minimised in secure locations) and that it will be stored for a total of
5 years and will then be destroyed by the study investigators.

YES [J

NO [

| have been made aware of my rights under the General Data
Protection Regulations, and contact details of the Data Protection
Officer and Data Commissioner have been provided to me in the
Participant Information Leaflet.

YES [J

NO [

| have read and understood the personal data protection section of
the Participant Information Leaflet (dated 25" January 2019).

YES [J

NO [

| have had the opportunity to discuss data protection in this study
and | have received satisfactory answers to all my questions.

YES [J

NO [

| understand that | am free to withdraw from the study at any time
without giving a reason with no consequence and my personal data
will not be used and will be destroyed.

YES [

NO [

| freely and voluntarily consent to allow the researcher’s use of my
information (personal data) as part of this study as outlined in the
information leaflet.

YES [

NO [

Participant’s Name (BLOCK CAPITALS)

Participant’s Signature

Date

To be completed by the Researcher:

invited him to ask questions on any aspect of the study.

| have fully explained the purpose and nature of data protection in this | YES [J
study to the participant in a way that he could understand. | have

NO [

form to the participant.

| confirm that | have given a copy of the information leaflet and consent | YES [J

NO [J

Researcher’s Name (BLOCK CAPITALS)

Researcher’s Title and Qualifications

Researcher’s Signature

Date

*You are now entering a separate part of this consent form relating to use of data for future

studies*

Explicit, informed, voluntary consent of storage and future use of data/information.
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| understand that my data collected from the research study, “A
study of the repeatability of the Submaximal Bruce Protocol graded
treadmill test in measuring VO, and predicting maximal VO,” may
be used for comparative purposes in similar studies assessing the
reliability and repeatability of the Bruce Protocol.

YES [

NO [

| understand my name or other personal identifiers will not be
disclosed to anybody not involved with this study and my personal
data will be kept strictly confidential in these circumstances.

YES [

NO [

| understand that my data will be used for comparative study
analysis which may be published in peer reviewed journals, in
presentations and may be disseminated at conferences but my data
will remain confidential and none of my personal identifiers will be
disclosed in these circumstances.

YES [

NO [

I understand how my data will be stored (the same as for the original
study — pseudonymised and minimalised in secure locations), that it
will be sotred for a total of 5 years for these purposes, and will then
be destroyed by the study investigators.

YES []

NO [

| have read and understood the use of personal data in future
studies section of the Participant Information Leaflet (dated 25
January 2019).

YES []

NO [

| have had the opportunity to discuss future use of personal data in
this study and | have received satisfactory answers to all my
questions.

YES []

NO [

| understand that | am free to withdraw my consent to use my
personal data in future studies at any time without giving a reason,
with no consequence, and my personal data will not be used and
will be destroyed.

YES []

NO [

| freely and voluntarily consent for my data to be stored for
comparative purposes in similar studies assessing the repeatability
of the Bruce Protocol which is unrelated to the current study
without further consent being required but only if the research is
approved by a Research Ethics Committee.

YES [J

NO [

Participant’s Name (BLOCK CAPITALS)

Participant’s Signature

Date

To be completed by the Researcher:

| have fully explained the purpose and nature of storage and future
use of personal data of this study, “A study of the repeatability of
the Submaximal Bruce Protocol graded treadmill test in measuring
VO, and predicting maximal VO,” to the participant in a way that he
could understand. | have invited him to ask questions on any aspect
of the study.

YES []

NO [J

| confirm that | have given a copy of the information leaflet and
consent form to the participant.

YES []

NO [

Researcher’s Name (BLOCK CAPITALS)

Researcher’s Title and Qualifications

Researcher’s Signature

Date
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Appendix 9: Physical Activity Readiness Questionnaire (PAR-Q)*"?

Physical Activity Readiness
Questionnaire - PAR-Q
(revised 2002)

(A Questionnaire for People Aged 15 to 69)

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active is very safe for most
people. However, some people should check with their doctor before they start becoming much more physically active.

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. If you are between the
ages of 15 and 69, the PAR-Q will tell you if you should check with your doctor before you start. If you are over 69 years of age, and you are not used to being
very active, check with your doctor.

Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NO.

1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?

Do you feel pain in your chest when you do physical activity?
In the past month, have you had chest pain when you were not doing physical activity?
Do you lose your balance because of dizziness or do you ever lose consciousness?

Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a
change in your physical activity?

6. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
dition?

U 0O OOooOO0 Og
O O OOooOoogo Os
[ B

7. Do you know of any other reason why you should not do physical activity?

If YES to one or more questions
Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal. Tell
you your doctor about the PAR-Q and which questions you answered YES.

* You may be able to do any activity you want — as long as you start slowly and build up gradually. Or, you may need to restrict your activities to
those which are safe for you. Talk with your doctor about the kinds of activities you wish to participate in and follow his/her advice.

* Find out which community programs are safe and helpful for you.

° DELAY BECOMING MUCH MORE ACTIVE:
No to a" ques tlons « if you are not feeling well because of a temporary illness such as

answered

If you answered NO honestly to all PAR-Q questions, you can be reasonably sure that you can: a cold or a fever — wait until you feel better; or
* start becoming much more physically active — begin slowly and build up gradually. This is the * if you are or may be pregnant — talk to your doctor before you
safest and easiest way to go. start becoming more active.

* take part in a fitness appraisal — this is an excellent way to determine your basic fitness so
that you can plan the best way for you to live actively. It is also highly recommended that you PLEASE NOTE: If your health changes so that you then answer YES to
have your blood pressure evaluated. If your reading is over 144/94, talk with your doctor any of the above questions, tell your fitness or health professional.
before you start becoming much more physically active. Ask whether you should change your physical activity plan.

Informed Use of the PAR-Q: The Canadian Society for Exercise Physiology, Health Canada, and their agents assume no liability for persons who undertake physical activity, and if in doubt after completing
this questionnaire, consult your doctor prior to physical activity.

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

NOTE: If the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal, this section may be used for legal or administrative purposes.

"l have read, understood and completed this questionnaire. Any questions | had were answered to my full satisfaction.”

NAME
SIGNATURE DATE
SIGNATURE OF PARENT WITNESS

or GUARDIAN (for partiipants under the age of majority)

Note: This physical activity clearance is valid for a maximum of 12 months from the date it is completed and
becomes invalid if your condition changes so that you would answer YES to any of the seven questions.

—+_ . g , : Health Sante
q @E © Canadian Sodiety for Exercise Physiology Supported by: I*I Canada Canada continued on other side...
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Appendix 10.1 Baseline characteristics and body composition analysis results

Appendix 10: Raw data for Submaximal Bruce Protocol Repeatability Study (Chapter 4)

Participant  Age Height | Weight (kg) | Weight (kg) | Weight (kg) BMI Fat mass | Muscle Fat (%) | Free fat Basal metabolic | Bone

(years) | (cm) Test 1 Test 2 Test3 (kg'm?) | (kg) mass (kg) mass (kg) | rate (kcal) mass (kg)

1 27 171.8 74.35 72.95 72.65 25.2 14.30 57.05 | missing | missing missing missing
2 20 188.4 75.20 75.85 76.45 21.2 7.90 63.95 10.5 67.3 1989 3.35
3 21 178.0 77.00 76.20 76.85 24.3 9.95 63.75 12.9 67.05 1983 3.35
4 25 182.0 72.05 71.25 71.00 21.8 8.85 60.05 12.3 63.2 1847 3.15
5 23 198.4 89.30 88.50 88.25 22.7 13.05 72.5 14.6 76.25 2261 3.75
6 24 180.4 96.20 93.45 93.70 29.6 22.00 70.5 22.9 74.15 2226 3.65
7 20 176.0 66.10 65.30 65.50 21.3 10.25 53.05 15.5 55.85 1670 2.8
8 23 171.2 55.85 56.50 56.10 19.1 6.15 47.15 11 49.7 1741 2.55
9 21 185.7 75.10 75.20 74.80 21.8 7.50 64.25 10 67.6 1990 3.35
10 22 181.6 99.10 97.15 96.20 30 20.25 75.05 204 78.9 2376 3.85
11 20 175.3 75.95 76.25 77.15 24.7 14.05 58.8 18.5 61.9 1855 3.1
12 20 182.2 75.20 70.15 70.65 22.7 13.00 59.1 17.3 62.2 1859 3.1
13 21 180.3 68.85 69.30 69.20 21.2 10.55 554 15.3 58.3 1734 2.95
14 19 185.6 73.70 74.35 73.40 21.4 8.50 61.95 11.5 65.2 1936 3.25
15 21 182.9 71.75 72.10 70.85 21.4 9.15 59.45 12.8 62.55 1849 3.15
16 18 182.5 70.70 70.85 71.00 21.2 10.30 57.4 14.5 60.4 1812 3.05
17 33 189.6 89.00 90.30 90.10 24.8 21.65 64 24.3 67.35 1990 3.35
18 34 171.5 74.55 75.15 74.80 25.3 11.15 60.2 15 63.35 1832 3.15

BMI = body mass index
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Appendix 10.2 Number of days between repeated tests
Participant  Test 1toTest2 | Test 2 to Test 3
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R e R e e e
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7 days
7 days
7 days
7 days
7 days
12 days
7 days
7 days
7 days
11 days
12 days
8 days
7 days
7 days
7 days
7 days
7 days
11 days

7 days
7 days
7 days

7 days
7 days

7 days
7 days

7 days
14 days
7 days

7 days
6 days

7 days

7 days

7 days

7 days

7 days

3 days

Appendix 10.3 VO2max (ml-kgt-min) predicted from “Fitmate” equation from

submaximal Bruce protocol data

Participant | Test1 Test 2 Test3
1 * 59.58 64.02
2 57.62 58.30 59.03
3 60.22 61.84 63.29
4 * 58.52 59.26
5 55.29 58.04 55.56
6 42.35 52.83 51.66
7 62.52 60.10 61.72
8 55.19 64.95 60.58
9 63.57 60.33 63.58
10 57.50 57.06 61.91
11 64.93 69.48 67.18
12 51.86 56.70 51.74
13 60.09 59.64 68.05
14 54.59 56.39 57.54
15 66.70 70.05 64.45
16 46.40 48.23 47.64
17 49.08 50.95 55.52
18 54.69 61.63 63.51
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Appendix 10.4 Submaximal Bruce protocol test durations (seconds)

Participant Test1 Test 2 Test3

1 * 632 660
2 568 562 584
3 620 569 595
4 * 554 591
5 610 599 622
6 412 431 490
7 562 566 552
8 580 661 530
9 605 601 606
10 636 618 647
11 646 693 701
12 416 550 420
13 588 584 601
14 560 496 463
15 742 702 650
16 388 377 403
17 543 561 579
18 606 597 607

* = test was not completed
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Appendix 11: Ethical Approval Confirmation Document for Maximal
Exercise Testing Study

E¥] Coldiste na Triondide, Baile Atha Cliath
2 Bl Trinity College Dublin

M Ollscoil Atha Cliath | The University of Dublin

Kate Macnamara

Discipline of Physiotherapy,
Trinity Centre for Health Sciences,
StJames's Hospital,

Dublin 8

18% June 2019
Ref: 190503

Title of Study: A study of the repeatability of the Bruce Protocol graded treadmill test in
measuring maximal VOZ2.

Dear Kate,

Further to a meeting of the Faculty of Health Sciences Ethics Committee held in May 2019.
We are pleased to inform you that the above project has ethical approval to proceed.

As a researcher you must ensure that you comply with other relevant regulations,
including DATA PROTECTION and HEALTH AND SAFETY.

Yourssincerely,

Prof. Brian O'Connell

Chairperson
Faculty Research Ethics Committee
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Appendix 12: Participant Information Leaflet for Maximal Exercise Testing
Study

y AV Trinity College Dublin Participant
Colaiste na Triondide, Baile Atha Cliath

The University of Dublin Information Leaflet

A study of the repeatability of the Bruce Protocol graded treadmill test in measuring
maximal VO,

A research project at the Department of Physiotherapy in Trinity College, Dublin

Introduction

Cardiopulmonary exercise testing is the best way of measuring a person’s level of fitness. This
is done by measuring the maximum volume of oxygen used during exercise (VO2amax). VOamax is
also strongly related to a person’s risk of cardiovascular disease. To assess VOamax most
accurately, subjects can complete a treadmill or cycle test which pushes them to their highest
level of exertion, while their breath gases are analysed to get a value for VO;max. In some
populations (e.g. the elderly; people with pre-existing medical conditions), maximal exercise
testing is not recommended and may be associated with increased risk of adverse cardiac (or
other health related) events during testing. In these cases, subjects can complete a

|”

“submaximal” exercise test, to a lesser intensity, while breath gases are analysed, and data is

gathered. Calculations are then done with the data to estimate VOzmax.

The most commonly used maximal test protocol is the Bruce Treadmill Protocol, in which the
participant starts walking on a treadmill at 1.7mph at an incline of 10%, and the speed and
incline of the treadmill are increased every 3 minutes, while VO, and heart rate are measured.
The test is stopped when the person is too fatigued to walk or run any further. The highest

measured VO, is that person’s VOzmax.
Aim of current study

Our aim is to perform three repeated maximal treadmill tests following the Bruce Protocol in
a healthy male population, to test the accuracy and repeatability of the protocol, and to study
the accuracy of equations used to calculate VO,max. To take part, please read this document
carefully. You should understand the risks and benefits of taking part, so that you can make a

decision that is right for you. This is known as “Informed Consent”.
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Procedures

To participate, you must be available to visit the exercise laboratory in the Trinity Centre for
Health Sciences at St James’s Hospital on three occasions, each session one week apart. The
first session will take approximately 40-60 minutes, and the additional testing sessions will
each last 30 minutes. There will be 4 main components on your first visit and 1 component on

your additional visits.
1. Physical Activity Questionnaires

Before you begin the exercise test, you will complete a short questionnaire (the Physical
Activity Readiness Questionnaire, or PAR-Q). The result will indicate if you can safely complete
an exercise test. You will be asked to complete a second questionnaire about your physical
activity levels, to help with analysing your exercise test results by relating your fitness level to

your current activity levels.
2. Body composition analysis

At your first appointment, the amount of fat, water and muscle in your body

will be estimated using a machine (pictured, right) that analyses details of body -
weight, body mass index (BMI), percentage body fat, muscle mass and fat free \' 1
mass. This machine is non-invasive and will not cause any pain. You must \
remove your shoes and socks for this procedure. Your standing height will also ¥
be measured at the first session. For each additional visit, only body weight will ‘ .0‘?
be re-measured. Please fast from midnight the night before each testing visit, \\

-

to allow for the most accurate test results.
3. Bruce Protocol: Maximal Exercise Treadmill Test

Before exercise testing begins, your cholesterol and blood sugar levels will be checked with a
finger-prick blood test, and your resting blood pressure will be measured. The exercise test
process will be explained, and the equipment to be used will be shown to you: a gas analysis

system with a face-mask and heart rate monitor (pictured, right).

For each test you will be fitted with a face mask and asked to walk
on the treadmill, to follow the Bruce Protocol. It begins at 1.7mph,
at a 10% treadmill incline, and gradually increases in speed and

incline every three minutes. Your heart rate, blood pressure, and

expired breath gases will be monitored throughout the test. Your
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blood lactate levels (via a finger prick blood test) will be measured once during each stage of
the treadmill test from Stages 3 onwards, until you complete the test. You should continue the
exercise test until you feel exhausted and can go no further (i.e. to your maximal capacity).
However, you can end the test at any point, if you feel pain or discomfort in your chest, neck,
limbs or any other area, if you feel dizzy, too breathless, or as if you might faint. The researcher
will monitor for unexpected changes in heart rate and blood lactate throughout testing, and
will end the test if these occur, or if there are any technical difficulties with the equipment. If
there are no complications, there will be a 5-minute cool-down phase when the test is ended,

at a slow pace, while your heart rate returns to its normal pace.
4. Measurement of day-to-day physical activity

You will be asked to wear a small device called an accelerometer (pictured
right) for 7 days between your first and second exercise assessment sessions.

The accelerometer is about the size of a matchbox and will sit on your belt.

You will wear it during waking hours and it will record all your movements
throughout the day, such as walking, running, cycling, housework etc.
We will provide you with an information leaflet and an activity log
sheet to record any activity you took part in while not wearing the

accelerometer (e.g. swimming). You will return the accelerometer to

us at your following exercise testing session. The accelerometer is not

water-resistant and should not be worn in the shower/bath or while swimming.
Benefits

Full analysis of fitness levels and body composition measurements will be provided to you on
completion of the testing procedures in the form of an individualised health report. These can
help with understanding your own fitness level and how you compare to the general
population. The results can be used to guide progression of your own exercise regime.

Participating in this study will also benefit this field of research by adding to it.
Risks

Complications during maximal exercise are rare, especially when you have been cleared for
exercise and have no medical history that increases your risk during exercise. However, there
is a small risk that you could experience:

e pain,
e fatigue,
e dizziness or ataxia (loss of control of voluntary muscle movements),
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difficulty breathing, or wheezing,

nausea

leg cramps (claudication), or

signs of poor blood flow (cyanosis, or pallor)

If any of these occur, the test will be stopped immediately and you will be monitored closely.

If symptoms do not subside, you will be seen by a doctor and if necessary, brought to A&E at

St. James’s Hospital.

Exclusion From Participation

You cannot be in this study if any of the following applies to you:

Aged less than 18 or over 45 years old;

Female gender;

Non-fluent in English;

Current smoker, or quit within the past 6 months;

Intellectual or cognitive disability that affects your ability to give informed consent or
exercise on a treadmill safely;

History of a cardiac (such as acute cardiac event, unstable chest pain, irregular
heartbeat, cardiac infection), pulmonary (e.g. COPD, asthma) or metabolic (e.g.
diabetes; renal disease) condition, or show any major signs or symptoms suggestive
of these conditions;

2 or more of the following:

Family history of cardiac conditions in first-degree relatives;

Sedentary lifestyle;

BMI >30kg-m;

High levels of low-density cholesterol (LDL) or low levels of high-density
cholesterol (HDL);

o Pre-diabetes

O O O O

Known blood pressure abnormalities (e.g. hypertension/hypotension)

Any neuromotor, musculoskeletal or rheumatic condition, any inflammatory,
autoimmune or allergic conditions, or any chronic infectious disease (e.g. Hepatitis C,
HIV/AIDS)

Medication use

Musculoskeletal injury in the previous 3 months

Epilepsy

Fitted electronic device (e.g. pacemaker)

Exclusion for any other reason deemed appropriate by the lead investigator.

On the day of testing

If you consent to taking part, the following points explain how to prepare for your testing day.

e Please fast from midnight on the night before your assessment days. Limit your liquid
intake while fasting: you may drink water, but refrain from caffeine drinks, energy drinks,
and alcohol. Fasting ensures more accurate results of body composition analysis. Please
bring a snack and drink to have after each assessment.

e Please wear loose clothes and comfortable shoes that you can exercise in.
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e Bring a towel, shower gel, and change of clothes if you wish to shower after testing.

e Pleasedrive or use publictransport to get to the testing venue and avoid walking or cycling
on the days of your assessments. It will make for more accurate results of your fitness test
if you have not done much physical activity prior to testing. Please refrain from strenuous
physical activity for 24-hours prior to each assessment.

e We request that you continue your normal physical activity regime for the duration of the
study, and not to increase the training intensity or frequency.

Confidentiality and Data Protection
What information about you (personal data) will be collected?

Personal data to be collected in this study will include your gender, age, any relevant past
medical history, physical activity levels, body composition, and aerobic fitness levels. This
information is needed to analyse how effective and repeatable the Bruce Protocol is. Only the
minimal amount of personal data which is relevant for the purpose of this study is collected

and used.
Who has access to the collected data?

The data controller (the organisation responsible for keeping your information safe) for this
study is Trinity College Dublin. The Lead Investigator and Research Supervisor have

undergone training in data protection law and practice, prior to starting this research.
How wiill your data be stored and protected?

Your name and personal details will not be published and will not be disclosed to anyone
outside the research team. All your details and results will be coded with number ID to
maintain your confidentiality. Your data will be coded, rather than kept completely
anonymous, to allow for comparison of your results from one testing day to the next. All
information relating to you in hard-copy form will be stored in a locked filing cabinet in a
secure office only accessible by the research team. Information and records in electronic form
will be stored on a password-protected PC at the Trinity Centre for Health Sciences. Your
study information and results will be retained for 7 years in keeping with good research
practice standards and data protection legislation. It will be destroyed after this time

(electronic data will be erased, and hard copy forms will be shredded).

Is there any risk with processing and storing your data? What will happen if there is a data

breach?
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Considering that sensitive personal data relating to your health is involved, in the unlikely
event of a data breach which poses a high risk to your privacy rights, it will be reported

immediately to the Data Protection Officer, and you will be notified as soon as possible.
How wiill your data be used, now and in the future?

Your data will be used for health research, which is in the public interest. The information
collected in this study will be analysed, and the overall findings of this study may be published
in international peer reviewed journals and may be shared at research conferences. The
results of the study may be used with your consent for comparative purposes in other studies
of a similar nature examining the reliability of the Bruce treadmill protocol. However, your
data will remain coded and your personal identifiers will never be published or disclosed to
anyone outside of this research team. Your data will only be used for comparative purposes
in other studies which have Research Ethics Committee approval.The researchers in this
project are bound by our Professional Code of Conduct to maintain confidentiality regarding

all data gained during this research.
What are your rights under GDPR?

You have the right to:

e Access your personal data

e Rectify or correct any mistakes with your personal data

e Have your personal data erased or deleted. However, it will not be possible to remove
anonymised data

e Data portability (move your personal data from one controller to another)

e Object to the use of your personal data (except where it has already been analysed,
or anonymised)

You can exercise these rights by contacting any member of the research team. If you are not
satisfied with how your data is being used, you can also lodge a complaint to the Data
Protection Commissioner (contact: +353 57 8684800 or +353 (0)761 104 800;

https://dataprotection.ie/en/contact).

Compensation

The research team is covered by standard medical malpractice insurance. You will not be paid

to take part in this research. This research project is self-funded by Trinity College Dublin.
Voluntary Participation

Participation in this study is fully voluntary. Once you have read this document and have had

the study procedures, risks and benefits explained, you will be asked to sign a consent form
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before the testing begins. You do not have to take part in this study and should not feel obliged
to do so. You may withdraw participation at any time without giving a reason, even if the study
has already begun. You will not be penalized or give up any benefits which you had before
entering the study. If you do not give consent, or withdraw your consent, no attempt will be
made to access your data. If you wish to opt-out at any stage, contact the research team

(details below).
Stopping The Study

The research team may stop your participation in the study at any time without your consent.

Permission

This research project was given ethics committee approval from the Faculty of Health Sciences

Research Ethics Committee, Trinity College Dublin (e-mail: ethicscommittee@tcd.ie) on 18"

June 2019. There is no known personal connection between members of the research team

and this ethics committee.
Future Contact

After completion of the study, you may be contacted again by the researchers in relation to
your study results, if you express that you would like to receive feedback on them. You may

also be contacted again if you have given permission to be contacted for future research.
Further Information

For more information or answers to your questions about the study, your participation in the
study, and your rights, please contact the research team:
Principal Investigator/Research Supervisor: Prof. John Gormley, Discipline of Physiotherapy,

Trinity College Dublin. Contact: Tel (01) 8962121, E-mail: jgormley@tcd.ie

Lead Investigator: Ms. Kate Macnamara, Research Masters Student, Trinity College Dublin.

Contact: Tel (01) 8963613, E-mail: macnamak@tcd.ie

Data Controller: Trinity College Dublin.
For information regarding your rights under data protection law, please contact:

Data Protection Officer, Trinity College Dublin: Contact E-mail: dataprotection@tcd.ie
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Appendix 13: Participant Consent Form for Maximal Exercise Testing Study

Trinity College Dublin = pticinant Consent
Colaiste na Trionoide, Baile Atha Cliath

The University of Dublin Form

Study Title: A study of the repeatability of the Bruce Protocol graded treadmill test in measuring

maximal VO,

Lead Investigator: Ms. Kate Macnamara

Principal Investigator: Prof. John Gormley

Study Information

This study aims to test the repeatability of the Bruce Protocol exercise treadmill test, which is
used to measure a person’s maximal oxygen consumption (VOama), indicating their level of
fitness. This study also aims to examine the accuracy of equations used on collected data to
calculate VOymax. Participants will attend the Trinity Centre for Health Sciences on three
occasions to complete 3 repetitions of the test Results will be compared to examine the test’s
repeatability. The first session will last 40-60 minutes, and the following sessions will last

approximately 30 minutes.

During the testing, there is a risk of experiencing pain (in chest, limbs, neck), dizziness,
nausea, difficulty breathing, fatigue, or legs cramps while exercising intensely. If this occurs,
you must inform the investigator. Testing will be stopped immediately and the investigators
will assess your condition. If further care is required, you will be accompanied to A&E of St.

James’s Hospital.
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Statement of Participant’s Consent

Explicit, informed, voluntary consent to partake in the research study.

Please tick yes or no to each of the following items:

| have read the Participation Information Leaflet (dated 6% | YES (] NO LI
September 2019) provided to me, and | have had the opportunity
to discuss the study and ask questions. | have received satisfactory
answers to all my questions.

| understand | will undertake a research assessment which collects | YES [ NO [
data about my gender, age, relevant past medical history and
physical activity levels, as well as the assessment of body
composition, blood glucose, cholesterol and lactate levels, and my
aerobic fitness by use of a treadmill test (Bruce Protocol). |
understand that information about me will be kept private and
confidential.

| understand the risks as listed above, regarding pain, dizziness, | YES [ NO [
nausea, fatigue and breathlessness during exercise testing. | am
aware of the benefits and risks of this research study.

| understand that | can withdraw from the study at any time, and | YES [] NO [
that | can request at any time that my personal data will be deleted
and not be used (except where the data has already been
analysed/published, or has been anonymised).

| agree to be contacted by researchers as part of this study. YES [ NO [
| freely and voluntarily give my consent to take part in this research | YES [ NO [
study having been fully informed of the risks, benefits and
alternatives.

*You are now entering a separate part of this consent form, relating to data protection*

Explicit, informed, voluntary consent regarding data protection.

| understand that all my personal data will be made non- | YES[J NO []
identifiable (pseudonymised) for this study titled “A study of the
repeatability of the Bruce Protocol graded treadmill test in
measuring maximal VO,”, and my personal identifiers will not be
shared with anyone outside the research team.

| understand that my personal data will be used for this research | YES [J NO [
study, and non-identifiable data may be published in peer
reviewed journals, in presentations, and may be disseminated at
conferences.

*You are now entering a separate part of this consent form relating to use of your information
(personal data) for future studies™®

Explicit, informed, voluntary consent of storage and future use of personal data/.

| consent that my non-identifiable personal data collected in this | YES [ NO[]
study may be used without further consent from me, for
comparative purposes in similar studies conducted by Trinity
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College Dublin, assessing the reliability of exercise treadmill tests,
only if the research is approved by a research ethics committee.

| understand that my personal data used for comparative study
analysis (as above) may be published in peer reviewed journals, in
presentations and may be disseminated at conferences but my
data will remain confidential and none of my personal identifiers
will be disclosed in these circumstances.

YES I

NO [

| understand that | am free to withdraw my consent to the use of
my personal data in future similar studies at any time, and my
personal data will not be used and will be destroyed (unless the
data has been analysed/published, or anonymised).

YES [J

NO [

| understand that my data will be stored for a total of 7 years post
completion of any future study in compliance with legal and
regulatory obligations.

YES [J

NO [

Participant’s Name (BLOCK CAPITALS)

Participant’s Signature

Participant’s Phone Number

Date

To be completed by the Researcher:

| have fully explained the purpose and nature of this study, “A
study of the repeatability of the Bruce Protocol graded treadmill
test in measuring maximal VO,” to the participant in a way that he
could understand. | have invited him to ask questions on any
aspect of the study.

YES [J

NO [

| confirm that | have given a copy of the information leaflet and
consent form to the participant.

YES [

NO [

Researcher’s Name (BLOCK CAPITALS)

Researcher’s Title and Qualifications

Researcher’s Signature

Date
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Appendix 14: International Physical Activity Questionnaire — Short Form?’2

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

Woe are interested in finding out about the kinds of physical activities that people do as
part of their everyday lives. The questions will ask you about the time you spent being
physically active in the last 7 days. Please answer each question even if you do not
consider yourself to be an active person. Please think about the activities you do at
work, as part of your house and yard work, to get from place to place, and in your spare
time for recreation, exercise or sport.

Think about all the vigorous activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe

much harder than normal. Think only about those physical activities that you did for at
least 10 minutes at a time.

1. During the last 7 days, on how many days did you do vigorous physical
activities like heavy lifting, digging, aerobics, or fast bicycling?

days per week
|:| Mo vigorous physical activities === Skip fo question 3
2. How much time did you usually spend doing vigorous physical activities on one
of those days?

hours per day
______minutes per day

|:| Don't know/Not sure

Think about all the moderate activities that you did in the last 7 days. Moderate
activities refer to activities that take moderate physical effort and make you breathe
somewhat harder than normal. Think only about those physical activities that you did
for at least 10 minutes at a time.

3. During the last 7 days, on how many days did you do moderate physical
activities like carrying light loads, bicycling at a regular pace, or doubles tennis?
Do not include walking.

_____ days per week

|:| No moderate physical activiies == Skip fo question 5
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4. How much time did you usually spend doing moderate physical activities on one
of those days?

hours per day
______minutes per day

D Don't know/MNot sure

Think about the time you spent walking in the last 7 days. This includes at work and at
home, walking to travel from place to place, and any other walking that you have done
solely for recreation, sport, exercise, or leisure.

5. During the last 7 days, on how many days did you walk for at least 10 minutes
at a time?

days per week

|:| Mo walking === Skip to question 7

B. How much time did you usually spend walking on one of those days?
____ hours per day
minutes per day

D Don't know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7
days. Include time spent at work, at home, while doing course work and during leisure
time. This may include time spent sitting at a desk, visiting friends, reading, or sitting or
lying down to walch television.
7. During the last 7 days, how much time did you spend sitting on a week day?
hours per day
minutes per day
I:l Don't know/Not sure

This is the end of the questionnaire, thank you for participating.
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Appendix 15: Standardised Verbal Encouragement for Maximal Exercise

Time during the

test

Testing Study

Statement Given

02:30 minutes
05:30 minutes
08:30 minutes

09:00 minutes
09:20 minutes
09:40 minutes
10:00 minutes
10:20 minutes
10:40 minutes
11:00 minutes
11:20 minutes
11:40 minutes

12:00 minutes
12:20
12:40
13:00
13:20
13:40
14:00
14:20
14:40

15:00

“In 30s the treadmill will get a bit faster and steeper.”

“In 30s the treadmill will get a bit faster and steeper.”

“In 30s the treadmill will get a bit faster and steeper. Can you show
me your effort of breathing on this chart?” (for RPE measurement)
“Ok place your hand on the rail.” (for blood lactate measurement)
“Way to go [name]!”

“Good job [name], keep it up!”

“Excellent work [name].”

“Keep on going.”

“Keep pushing to your max, [name]!”

“You're doing great!”

“Go for as long as you can, [name]!”

“In 20s the treadmill will get a bit faster and steeper again. Can you
show me your effort of breathing on this chart?”

“Ok place your hand on the rail.”

“Way to go [name]!”

“Good job [name], keep it up!”

“Excellent work [name].”

“Keep on going.”

“Keep pushing to your max, [name]!”

“You're doing great!”

“Go as long as you can, [name]!”

“In 20s the treadmill will get a bit faster and steeper again. Can you
show me your effort of breathing on this chart?”

“Ok place your hand on the rail.”

Continue as above for each subsequent stage, until the participant indicates they want to
stop, or they reach VOzmax.
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Appendix 16: ActiGraph Physical Activity Monitor Instruction Booklet and
Activity Diary

. el - Participant Information
> AVl Trinity College Dublin i
W Colaiste na Trionoide, Baile Atha Cliath Leaﬂet - ACtIGraph

The University of Dublin ACthIty Monitor

Participant Information Leaflet

Thank you for agreeing to wear the ActiGraph Activity Monitor. The ActiGraph measures your
physical activity levels and provides us with information on the about of time you spend
engaging in different intensities of activity. The following information leaflet addresses some
frequently asked questions. Should you have any queries please contact the Physiotherapy
Postgraduate and Research Room at the Trinity Centre for Health Sciences, St. James’s Hospital

on 01-8963613.

1. How many days do | wear the monitor?
You are requested to wear the activity monitor for one week (7 days) during all waking hours

of each day.

2. Do | wear the monitor to bed?
No. While this monitor can detect night-time activity if worn, we do not require that information
for this study. You can remove the monitor when you are going to sleep at night. Please do

record the time at which you took it off, and when you put it back on again, in the diary provided.

3. Do | wear the monitor in the shower?
No. You should remove the monitor during any water-based activity such as showering, bathing
or swimming. You are requested to record these activities, including the times your take the

monitor on and off, in the activity diary provided.

4. Do I need to press any button to start / finish the monitor?
No. The monitor is set-up by the researcher leading your study. You do not have to press any

button to activate or stop the monitor.

5. Where on my body is the monitor worn?
The monitor is connected to a flexible strap with a clip. The strap should be worn like a belt
around your waist with the monitor sitting at hip level on the right side of your body (see

picture). Ensure the black disk on the side of the monitor is pointing towards your head. The
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strap should not be too tight or too loose. You can adjust the strap size if necessary. You may

wear the monitor under or over your clothes.

Ensure this black
disk is facing up
towards you head.

6. Dol need to charge the monitor during the week?
No. Do not plug the monitor into any power source or connect to any USB cable during the week

and this may wipe the data collected.

7. |forgot to wear the monitor — what should | do?
If you forget to wear the activity monitor on a particular day don’t worry. Please write down
clearly in the activity diary which day you forgot to wear the monitor and just carry on wearing

it as normal the following day.

8. What should I do when I finish wearing the activity monitor?

When you finish wearing the monitor, please bring it to your next testing session at the Trinity
Centre for Health Sciences to return it to the researcher leading your study. If you cannot attend
your next appointment, please contact the research team and arrange return of the monitor

with them.

Try not to change your activity levels while wearing the monitor as the aim is to get an
idea of normal activity patterns!

Thank you very much for recording your physical activity.

142


http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=kkpqGMgOZJlVxM&tbnid=GG72nrNc-uGmTM:&ved=0CAUQjRw&url=http://www.actigraphcorp.com/products/wgt3x-monitor/&ei=5iZpUsChN8KS7AavzYG4Dg&bvm=bv.55123115,d.ZGU&psig=AFQjCNHbngCTo1SSwtcyMi2Aqm-DxfavwA&ust=1382709331670459

Trinity College Dublin (TCD) Kate Macnamara

ﬂﬁ A4 Trinity College Dublin Physical Activity
Colaiste na Triondide, Baile Atha Cliath .
The University of Dublin Dia ry

You are requested to wear your ActiGraph Activity Monitor during all waking hours. You will
have to remove the activity monitor when you are going to bed or during water-based activities
such as showering or swimming. Please record the time you put the activity monitor and the
time you take it off in the following activity diary. This record will help us analyse your physical
activity data as accurately as possible.

Should you have any further queries please contact Ms. Kate Macnamara at the Physiotherapy
Postgraduate and Research Room at the Trinity Centre for Health Sciences, St. James’s Hospital
on 01-8963613.

Example activity diary:

On Date On Time | Physical Off Date Off Time | Activity completed
activities while not wearing
completed while monitor

wearing monitor
04.10.2017 | 8.20am Walk 30 minsto | 04.10.2017 | 7.10pm Shower
work and 30 mins
home

04.10.2017 | 7.30pm Soccer training x | 04.10.2017 | 10.30pm | Sleeping in bed
2 hours
05.10.2017 | 8.10am Run x 5km, walk | 05.10.2017 | 10.50pm | Sleeping in bed
x 30 mins to work
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=V ¥ Trinity College Dublin
31"3 Colaiste na Triondide, Baile Atha Cliath
= The University of Dublin

Participant’s Study ID:

Physical Activity
Diary

On Date | On Physical activities Off Date | Off
Time completed while Time
wearing monitor

Activity completed
while not wearing
monitor
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Appendix 17: Personalised Health Report for Maximal Exercise Testing

Study
*5% s ¥ Trinity College Dublin  |ndividualised
o % Colaiste na Trionéide, Baile Atha Cliath .
The University of Dublin Health & Fitness

Report

A study of the repeatability of the Bruce Protocol graded treadmill test in measuring

maximal VO,

Dates of Testing:

Thank you for your recent participation in the study “A study of the repeatability of the Bruce
Protocol graded treadmill test in measuring maximal VO,”. The research team has analysed your
data and compiled your results. As well as reporting your individual results, the normal

reference ranges for the general population are also given. These are specific to your age and

gender. You can find where your results fall within these ranges to establish your health status

for each component of the assessment.

If you have further queries about these results, please feel free to consult with your

physiotherapist or a healthcare professional.

General Data

years cm kg

Blood Pressure

Normal resting blood pressure (BP) is below 120/80 mmHg, as defined by new guidelinesin 2017
by the American College of Cardiology and the American Heart Association. The first, higher
number is the systolic blood pressure. It is the pressure in the blood vessels when the heart is
contracting. The second, lower number is the diastolic blood pressure, and is the pressure in-

between beats, when the heart is relaxed.

An ‘elevated’ blood pressure is a systolic pressure 120-129mmHg and a diastolic pressure less

than 80mmHg. High blood pressure (‘hypertension’) Stage 1 is systolic pressure 130-139mmHg
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or diastolic pressure 80-89mmHg. Hypertension Stage 2 is systolic pressure greater than

140mmHg or diastolic pressure greater than 90mmHg.

Your average blood pressure during your sessions for this study was:

Resting Heart Rate

A normal resting heart rate for a healthy adult is between 60-100 beats per minute (bpm).
Generally, a lower resting heart rate can indicate that you have better heart function and

cardiorespiratory fitness.

Your average resting heart rate during your sessions for this study was:

Body Composition

Body fat is vital to daily body function. However, it is not the amount you weigh but your
percentage body fat that potentially influences your health. Weight alone does not distinguish
between fat and lean body tissue (muscle and bone). If you start exercising and don’t appear to
be losing weight you may in fact be reducing your body fat and replacing it with newly developed

muscle mass, which is denser and heavier than fat.

Excessive body fat can increase your risk of developing serious health problems such as high
blood pressure, high cholesterol, heart disease, diabetes and cancer. Maintaining a healthy body
fat percentage can reduce your risk and help prevent the onset of these conditions. Too little
body fat can also be unhealthy. Women’s bodies require a higher percentage of body fat to be

healthy compared to men.

Body composition can be measured using your Normal Values (Males in your age group)

height and weight to calculate your Body Mass | BMI (kg-m) Underweight <18.5
Normal 18.5-24.9

Index (BMI). It can also be measured using Overweight 25.0-29.9
bioelectrical impedance analysis (BIA), which Obese 2 30
. . ] ) Fat % Very lean 4.2-7.1
we did with you in the lab on your first session. Excellent 7.1-11
This method gives values for your fat mass (kg) Good 11-15.3
Fair 15.3-19.1
and body fat percentage, as well as your basal Poor 19.1-24.1
metabolic rate (BMR: the number of calories Very poor 24.1-33.4
BMR

your body burns while atrest), and your fat free No universally accepted

Muscle Mass
mass (FFM), muscle mass and bone mass, all norms

Bone Mass

measured in kg.

FFM
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Your Results

BMI: kg-m™

Fat % (Fat mass): % kg
BMR: kcal

Muscle Mass (%): kg ( %)
Bone Mass (%): kg ( %)
FFM: kg

Blood Glucose and Cholesterol Levels

Blood glucose is a type of sugar that is in your blood, which comes from the food you eat and is
needed by your body to produce energy. Keeping a normal range of blood glucose levels in your

blood is important to prevent the development of diabetes.

Cholesterol is a type of fat found in your blood. Normal levels are required to produce hormones
—however too high a level can cause the cholesterol to build up in your blood vessels and form
a plaque, which can restrict or stop blood flow in the blood vessels. This could lead to a heart
attack or stroke if left at high levels for too long. There are different types of cholesterol, and to
measure these fully you can get a full blood test done. The finger prick blood test done at your

first session measured the Total Cholesterol level.

Your Results Normal Values

Blood Glucose mmol-L? 4-7 mmol-L*?

Blood Total Cholesterol mmol-L? <5 mmol-L?

Cardiorespiratory Fitness

Cardiorespiratory fitness (CRF) is related to your body’s ability to provide oxygen to your skeletal
muscles during prolonged physical activity. Higher CRF is related to a lower risk of heart disease,
lung cancer, type 2 diabetes, stroke and other diseases. It is also a strong indicator of mortality.
The best way to measure is CRF is by determining the maximal volume of oxygen your body can

use during exercise (VOamax). This is measured in ml-kg*-min.

VOumax Can be measured during a maximal exercise test, just as you have completed in your

sessions during this study. In some cases, where the gas measuring equipment is not available,
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or a person cannot exercise to their maximum, the VOumax can be estimated through various

equations instead.

Your results from the three exercise tests are as follows:

VO:max (Mean Maximum  Test Lactate at VOzmax
VO.in last 30s) Heart Rate Duration end of test  Criteria*
Achieved?

Test1 ml-kg bpm minutes Yes / No
Lmin mmol-L?

Test 2 ml-kg bpm minutes Yes / No
Lmin? mmol-L*

Test 3 ml-kg bpm minutes Yes / No
Lmin? mmol-L*?

* VOamax Criteria: 3 of the following:

Respiratory exchange ratio 21.10

Post-exercise venous lactate concentration > 9mmol-L*

Rating of Perceived Exertion 27 on the 0-10 scale

Plateau in VO, (failure to increase in VO, with rise in exercise intensity)

Normal VOzmax Values for males in your age group

Age: 20-29 years Age: 30-39 years Age: 40-49 years
Superior >56 ml-kgt-mint >54 ml-kgt-min? >53 ml-kgt-min!
Excellent 51-55 ml-kg*-min 48-53 ml-kgt-mint | 46-52 ml-kg*-min!
Good 46-49 ml-kg*-min 44-47 ml-kgt-mint | 42-45 ml-kg*-min?
Fair 42-45 ml-kgt-min? 41-43 ml-kgtmin? | 38-41 ml-kg*-min!
Poor <41 ml-kgt-min? <40 ml-kgt-min? <37 ml-kgt-min?

Physical Activity Levels

The recommended physical activity levels for healthy individuals is a minimum of 150 minutes
of moderate-intensity aerobic exercise over at least 5 days of the week. Aerobic exercise
includes activities such as jogging or running, swimming, ball sports, and brisk walking. Increased
physical activity can have many health benefits, such as reduced risk of cardiovascular disease,
diabetes and high blood pressure, reduced risk of certain cancers, improved sleep quality,
reduced symptoms of anxiety and depression, sharper memory and brain function, and

improved quality of life.
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You wore an activity monitor for a week during this study. The data showed that over 7 days,

you spent:
. minutes in moderate-intensity physical activity
. minutes in vigorous-intensity physical activity.

Thank you for your participation in this research study. If you have any further questions

regarding any of your results, or the study itself, please contact the research team, as below.

Principal Investigator/Research Supervisor: Prof. John Gormley, Discipline of Physiotherapy,
Trinity College Dublin

Contact: Tel (01) 8962121, E-mail: jgormley@tcd.ie

Lead Investigator: Ms. Kate Macnamara, Research Masters Student, Trinity College Dublin

Contact: Tel (01) 8963613, E-mail: macnamak@tcd.ie
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Appendix 18: Raw data for Maximal Bruce Protocol Repeatability Study (Chapter 5)

Appendix 18.1 Baseline characteristics and body composition analysis results

Participant | Age Height | Weight (kg) @ Weight (kg) | Weight (kg) | BMI Basal metabolic | Fat mass | fat Free fat muscle bone mass
(years) | (cm) Test 1 Test 2 Test3 (kg-m?) | rate (kcal) (kg) (%) mass (kg) | mass (kg) | (kg)
1 19 182.0 72.50 72.75 73.35 21.9 1855 10.40 | 14.30 62.15 59.05 3.10
2 18 | 183.5 75.20 73.95 74.90 22.3 1985 8.60 | 11.40 66.60 63.30 3.30
3 23 | 181.0 79.10 78.70 77.55 241 2048 9.40 | 11.90 69.70 66.25 3.45
4 23| 174.0 59.80 59.60 59.40 19.8 1613 4.65 | 7.80 55.14 52.35 2.75
5 22 | 190.0 99.70 100.55 99.95 27.6 2488 16.85 | 16.90 82.85 78.80 4.05
6 19| 188.5 80.55 80.20 79.85 22.7 1983 14.50 | 18.00 66.05 62.75 3.30
7 22 | 190.0 87.70 87.40 87.30 24.3 2189 14.15 | 16.10 73.60 69.95 3.60
8 21| 1785 71.60 72.00 72.10 22.5 1822 10.10 | 14.10 61.50 58.45 3.05
9 21 | 180.0 70.35 70.15 70.75 21.7 1818 8.85 | 12.60 61.50 58.45 3.05
10 20 177.0 76.40 78.30 77.25 24.4 1873 13.80 | 18.10 62.55 59.45 3.15
11 32 1755 75.75 76.70 75.50 24.6 1773 15.15 | 20.00 60.60 57.55 3.05
12 20 | 180.0 66.00 66.90 @ * 204 1729 7.70 | 11.70 58.30 55.40 2.90
13 28 | 1755 69.30 70.20 69.95 22.5 1745 9.35 | 13.50 59.95 56.95 3.00
14 36 1725 66.50 67.85 68.10 22.3 1547 13.50 | 20.30 53.00 50.30 2.70
15 41 | 170.5 75.25 75.75 | * 25.9 1740 15.20 | 20.20 60.05 57.05 3.00
16 24 1 174.0 68.35 67.70 68.95 22.6 1877 3.55| 5.10 64.80 61.60 3.25
17 38 | 1835 89.05 89.60 89.80 26.4 1958 22.50 | 25.30 66.50 63.20 3.30
18 39| 1795 84.00 84.05 | * 26.1 1962 16.55 | 19.70 67.45 64.10 3.35
19 33| 182.0 75.55 75.60 | * 22.8 1837 12.25 | 16.20 63.30 60.15 3.15

BMI = body mass index.
* = test was not completed
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Appendix 18.2 Results of the International Physical Activity Questionnaire — Short Form

Participant Q1 Q2 Q3 Q4 Q5 Q6 Q7
1 | 3 days/week 1.5 hours/day | 2 days/week 1.5 hours/day | 7 days/week | 1 hour/day 6 hours/day
2 | 2 days/week 2 hours/day 2 days/week 2 hours/day 7 days/week | Unsure Unsure
3 | 5days/week 1.5 hours/day | 7 days/week 30 mins/day 7 days/week | 20 mins/day 2 hours/day
4 | 3 days/week 90 mins/day no moderate PA | Skip 7 days/week | 30 mins/day 3 hours/day
5 | 3 days/week 1 hour/day 6 days/week 30 mins/day 5 days/week | 15 mins/day 3 hours/day
6  Novigorous PA | Skip 1 day/week 30 mins/day Skip Skip 10 hours/day
7 | 2 days/week 1 hour/day 1 day/week 30 mins/day No walking Skip 5 hours/day
8 | 1day/week 30 mins/day 4 days/week 1 hour/day 7 days/week | 1 hour/day 4-5 hours/day
9 | 1day/week 1.5 hours/day | no moderate PA | Skip 7 days/week | 2 hours/day 8 hours/day
10 | 4 days/week 1 hour/day no moderate PA | Skip 7 days/week | 45 mins/day 9 hours/day
11 | 4 days/week 1 hour/day 1 day/week 10 mins/day 3 days/week | 20 mins/day 10 hours/day
12 | Novigorous PA | Skip 1 day/week Unsure 7 days/week | 3 hours/day 4 hours/day
13 | 5 days/week 1.5 hours/day | No moderate PA | Skip 3 days/week | 20 mins/day 5 hours/day
14 | No vigorous PA | Skip No moderate PA | Skip 7 days/week | 1.5 hours/day | 12 hours/day
15 | 2 days/week 1.5 hours/day | 3 days/week 1.5 hours/day | 5days/week | 1 hour/day 10 hours/day
16 | 5 days/week 45 mins/day 5 days/week 15 mins/day 7 days/week | 50 mins/day 8 hours/day
17 | 3 days/week 50 mins/day 1 day/week 1.5 hours/day | No walking Skip 8 hours/day
18 | 5 days/week 1.5 hours/day | 5 days/week 45 mins/day 7 days/week | 1 hour/day 4 hours/day
19 | 7 days/week 1 hour/day 6 days/week 15 mins/day 7 days/week | 40 mins/day 12 hours/day

Key: PA = physical activity
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Appendix 18.3 ActiGraph activity monitor data relating to time spent in moderate-
vigorous physical activity per week

Participants

No. of days/week in

Freedson boutst

No. of minutes/week

in Freedson bouts

Did participant meet 2150
mins MVPA per week?

O 0N OV A~ W N =

R R R R R R R R R
0N OO0 AW N RO

19

*

N b NIINOPOO PO W U O W N OUD

*

175
327
111
27
169
282
205
145
107
218
136
368.5
97
160
46
521
172
37

Yes
Yes
No
No
Yes
Yes
Yes
No
No
Yes
No
Yes
No
Yes
No
Yes
Yes
No

*

Key: No. = number; MVPA = moderate to vigorous physical activity

t Freedson bouts relate to MVPA occurring in greater than or equal to 10 minute bouts.

* = data was not collected
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Appendix 18.4 Number of days between repeated tests

Participant | Test 1to Test2 | Test 2 to Test 3

1 14 days
2 14 days
3 7 days
4 7 days
5 7 days
6 7 days
7 7 days
8 7 days
9 7 days
10 10 days
11 7 days
12 7 days
13 6 days
14 7 days
15 7 days
16 7 days
17 7 days
18 7 days
19 7 days
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7 days

7 days

21 days

7 days

23 days

7 days

7 days

7 days

7 days

6 days

7 days

Test 3 cancelled
7 days

7 days

Test 3 cancelled
7 days

7 days

Test 3 cancelled
Test 3 cancelled
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Appendix 18.5 Maximal Bruce protocol test durations (seconds)

Participant | Test1 Test 2 Test3

1 835 909 904
2 926 939 946
3 743 738 736
4 759 748 738
5 799 785 770
6 848 825 850
7 908 904 914
8 819 824 797
9 858 880 915
10 646 615 631
11 857 870 861
12 899 910 | *

13 743 747 740
14 637 712 715
15 703 713 | *

16 1019 1000 999
17 761 773 779
18 793 814 | *

19 715 742 | *

* = test was not completed
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Appendix 18.6 Measured VOamax from each of the five data sampling methods

Test 1 Measured VOjmax (ml-kg*-min)

Participant | LAST30S

1

O N O UV~ WN

AR~ I A A A =
W W N OO WL A WN R O

57.42
61.37
51.04
48.75
47.43
55.64
58.82
56.56
55.74
38.16
54.04
61.52
46.95
43.69
51.08
69.81
43.66
55.71
51.03

HIGH30S
57.45
62.14
51.24
48.75
49.85
56.34
58.93
57.24
55.86
39.58
54.46
62.24
46.95
44.40
51.38
69.81
44.94
55.71
51.51

BLOCK15S | BLOCK30S | ROLL15BR

57.38
61.58
51.40
48.95
50.63
56.63
60.12
57.23
56.53
39.52
54.65
61.92
47.78
44.81
52.08
71.20
45.77
56.40
51.52

57.01
61.47
50.99
48.76
48.95
56.13
59.13
56.85
55.74
39.23
53.91
61.54
46.95
44.16
51.08
69.94
44.59
55.71
51.02

57.90
62.39
51.28
49.08
50.03
56.56
59.43
57.90
56.82
39.67
55.07
62.33
47.96
44.45
51.86
71.38
45.10
56.23
52.38

e LAST30S = average of last 30-seconds of VO, data at maximal exertion;
e  HIGH30S = highest 30-second rolling average during the test;

e  BLOCK15S = highest 15-second block average during the test;

e  BLOCK30S = highest 30-second block average during the test;

e ROLL15BR = highest 15-breath rolling average during the test.
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Test 2 Measured VOjmax (ml-kg-min)

Participant | LAST30S

1

O O NOO UV A_WN

e e e e
VW N UL A WN R O

50.55
60.31
49.06
50.62
44.90
52.55
60.78
54.67
58.71
39.31
53.39
65.37
49.59
41.44
47.04
71.02
47.04
56.78
52.17

HIGH30S | BLOCK15S | BLOCK30S | ROLL15BR

53.19
60.69
49.23
50.73
48.22
55.39
60.96
54.98
59.20
39.91
54.32
65.59
49.74
43.71
47.22
71.37
47.40
56.78
52.28
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52.88
61.20
49.53
50.72
48.96
54.70
60.85
55.39
59.01
40.04
54.92
66.35
49.83
43.17
47.53
71.38
47.84
56.73
52.61

52.85
60.31
49.02
50.62
48.26
54.67
60.78
54.28
58.71
39.68
54.01
65.37
49.59
42.94
47.04
70.93
47.04
56.52
52.28

53.27
61.21
49.34
50.87
48.26
55.78
60.93
55.17
60.05
40.08
54.96
65.83
50.78
43.83
47.77
72.36
47.65
56.98
52.65
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Test 3 Measured VOjmax (ml-kg*-min)

Participant | LAST30S

1

O O N OO UV~ WN

e e e e
VW N OUL A WN R O
* * * *

50.81
60.10
46.53
50.63
45.99
56.45
61.42
54.41
58.00
39.65
54.66

50.59
41.68

71.91
44.34

HIGH30S
53.41
60.54
46.92
50.87
48.13
57.98
61.50
55.61
60.52
40.23
55.57

50.59
43.35

71.92
46.63

* = test was not completed

BLOCK15S | BLOCK30S | ROLL15BR
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53.60
60.72
46.86
50.94
47.14
58.10
61.31
56.28
61.29
40.07
55.25

50.60
43.25

72.39
46.68

53.16
60.06
46.62
50.63
46.42
57.67
61.16
55.25
59.69
39.47
54.94

50.59
42.96

71.91
46.12

53.59
61.05
47.04
50.83
47.73
58.24
61.77
56.40
61.97
40.70
56.17

50.87
43.29

72.52
46.76
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Appendix 18.7 Paired-samples t-test results comparing each data sampling method

Test 1 p values (* = significant)

LAST30S v LAST30S v LAST30S v LAST30Sv | HIGH30S v HIGH30Sv | HIGH30Sv | BLOCK15S v BLOCK15Sv | BLOCK30S v
HIGH30S BLOCK15S BLOCK30S ROLL15BR | BLOCK15S BLOCK30S ROLL15BR | BLOCK30S ROLL15BR ROLL15BR
0.00127* | 0.000039* 0.03305* | 0.0000002* 0.00413* 0.000345* | 0.000067* 0.00000084* 0.413722 | 0.00000005*

Test 2 p values (* = significant)

LAST30S v LAST30S v LAST30S v LAST30Sv | HIGH30Sv | HIGH30Sv | HIGH30S v BLOCK15S v BLOCK15S v BLOCK30S v
HIGH30S BLOCK15S BLOCK30S ROLL15BR | BLOCK15S BLOCK30S | ROLL15BR BLOCK30S ROLL15BR ROLL15BR
0.00354* 0.00061* 0.04718* | 0.000088* 0.139212 | 0.0000101* 0.000116* 0.000016* 0.084173 0.0000011*

Test 3 p values (* = significant)
LAST30S v LAST30S v LAST30S v LAST30S v HIGH30Sv | HIGH30S v HIGH30S v BLOCK15S v BLOCK15S v BLOCK30S v
HIGH30S BLOCK15S BLOCK30S ROLL15BR BLOCK15S | BLOCK30S ROLL15BR BLOCK30S ROLL15BR ROLL15BR
0.0005003* 0.000806* 0.01094* 0.000112* 0.66962 0.000562* 0.007968* 0.000138* 0.001681* 0.00005*
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Appendix 18.8 Mean differences across different sampling methods for each participant
Test 1: Absolute differences between VO;max measured through different sampling methods (ml-kg*-min™)

Participant

O O NGOV, WN R

[ S N e N S
W W N O ULV bH WN R O

HIGH30S
- LAST30S
0.03
0.77
0.20
0.00
2.42
0.70
0.11
0.68
0.13
1.42
0.42
0.72
0.00
0.71
0.30
0.00
1.28
0.00
0.48

BLOCK15S | BLOCK30S A ROLL15BR  BLOCK15S | BLOCK30S | ROLL15BR | BLOCK3O0S -
- HIGH30S | BLOCK15S

- LAST30S

0.04
0.22
0.36
0.20
3.19
0.98
1.30
0.67
0.79
1.36
0.61
0.40
0.83
1.12
1.00
1.39
2.11
0.69
0.50

- LAST30S

0.41
0.10
0.05
0.02
1.52
0.49
0.31
0.29
0.00
1.07
0.13
0.02
0.00
0.47
0.00
0.13
0.93
0.00
0.01

- LAST30S

0.48
1.02
0.24
0.33
2.60
0.91
0.61
1.34
1.09
1.51
1.03
0.81
1.01
0.76
0.78
1.57
1.44
0.52
1.35

- HIGH30S

0.07
0.56
0.16
0.20
0.77
0.29
1.19
0.00
0.67
0.06
0.19
0.32
0.83
0.41
0.70
1.39
0.83
0.69
0.01

- HIGH30S

0.44
0.67
0.25
0.02
0.90
0.21
0.21
0.39
0.13
0.35
0.55
0.70
0.00
0.24
0.31
0.13
0.35
0.00
0.49
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0.45
0.25
0.04
0.33
0.18
0.22
0.51
0.66
0.96
0.09
0.61
0.09
1.01
0.05
0.48
1.57
0.16
0.52
0.87

0.37
0.12
0.42
0.18
1.68
0.50
0.98
0.39
0.79
0.29
0.74
0.37
0.83
0.65
1.01
1.27
1.18
0.68
0.51

ROLL15BR -
BLOCK15S
0.51
0.80
0.12
0.13
0.60
0.07
0.68
0.66
0.29
0.16
0.42
0.41
0.18
0.37
0.22
0.17
0.67
0.16
0.85

ROLL15BR -
BLOCK30S
0.89
0.92
0.30
0.31
1.08
0.43
0.30
1.05
1.09
0.44
1.16
0.79
1.01
0.28
0.78
1.44
0.50
0.52
1.36

Mean of all differences

Mean
difference

0.37
0.54
0.22
0.17
1.49
0.48
0.62
0.61
0.59
0.68
0.59
0.46
0.57
0.51
0.56
0.90
0.94
0.38
0.64
0.60
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Participant

O W N O VA, WN R
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HIGH30S
- LAST30S
2.64
0.38
0.17
0.11
3.32
2.84
0.18
0.31
0.49
0.60
0.93
0.22
0.16
2.27
0.18
0.35
0.36
0.00
0.11

BLOCK15S | BLOCK30S | ROLL15BR | BLOCK15S | BLOCK30S ROLL15BR | BLOCK3O0S -
- HIGH30S | BLOCK15S

- LAST30S

2.33
0.89
0.47
0.10
4.06
2.15
0.07
0.72
0.30
0.73
1.53
0.98
0.25
1.73
0.48
0.36
0.80
0.05
0.44

- LAST30S

2.30
0.00
0.04
0.00
3.36
2.12
0.00
0.39
0.00
0.37
0.62
0.00
0.00
1.50
0.00
0.09
0.00
0.27
0.11

- LAST30S
2.72
0.90
0.28
0.25
3.36
3.23
0.15
0.50
1.34
0.77
1.57
0.46
1.19
2.39
0.72
1.34
0.60
0.19
0.48

- HIGH30S

0.31
0.51
0.30
0.01
0.74
0.68
0.12
0.41
0.19
0.13
0.60
0.76
0.09
0.54
0.31
0.01
0.44
0.05
0.33

- HIGH30S
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0.34
0.38
0.21
0.11
0.04
0.71
0.18
0.70
0.49
0.23
0.31
0.22
0.16
0.77
0.18
0.44
0.36
0.26
0.00

0.08
0.52
0.11
0.14
0.04
0.40
0.03
0.20
0.85
0.17
0.64
0.24
1.03
0.12
0.55
0.99
0.25
0.20
0.37

0.03
0.89
0.51
0.10
0.70
0.03
0.07
1.11
0.30
0.36
0.91
0.98
0.25
0.23
0.48
0.44
0.80
0.21
0.33

ROLL15BR -
BLOCK15S
0.39
0.02
0.20
0.15
0.70
1.08
0.09
0.21
1.04
0.03
0.05
0.52
0.94
0.67
0.24
0.98
0.20
0.25
0.03

ROLL15BR -
BLOCK30S
0.42
0.91
0.31
0.25
0.00
1.11
0.15
0.90
1.34
0.40
0.96
0.46
1.19
0.90
0.72
1.43
0.60
0.46
0.37

Mean of all differences

Mean
difference

1.16
0.54
0.26
0.12
1.63
1.44
0.10
0.54
0.63
0.38
0.81
0.48
0.52
1.11
0.39
0.64
0.44
0.19
0.26
0.61
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Test 3: Absolute differences between VO;max measured through different sampling methods (ml-kg*-min™)

Participant

O W NGO U A_A, WN R
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HIGH30S
- LAST30S
2.60
0.44
0.39
0.24
2.14
1.53
0.08
1.20
2.52
0.58
0.91
*
0.00
1.67
*
0.01
2.29

*

*

BLOCK15S | BLOCK30S A ROLL15BR  BLOCK15S | BLOCK30S A ROLL15BR | BLOCK3O0S -
- HIGH30S | BLOCK15S

- LAST30S
2.79
0.62
0.33
0.31
1.15
1.66
0.12
1.87
3.29
0.42
0.59

*
0.01
1.57

*
0.48
2.34

*

*

- LAST30S

2.35
0.04
0.09
0.00
0.43
1.22
0.26
0.84
1.69
0.18
0.28

*
0.00
1.28

*
0.00
1.78

*

*

- LAST30S
2.78
0.95
0.51
0.20
1.74
1.80
0.35
1.99
3.97
1.05
1.51

*
0.28
1.61

*
0.61
2.42

*

*

- HIGH30S

0.19
0.18
0.05
0.07
0.99
0.12
0.19
0.67
0.76
0.16
0.32

*
0.01
0.10

*
0.47
0.05

*

*

- HIGH30S

0.25
0.48
0.30
0.24
1.71
0.31
0.33
0.36
0.83
0.76
0.63

*
0.00
0.39

*
0.01
0.50

*

*

0.18
0.51
0.13
0.04
0.40
0.26
0.27
0.79
1.45
0.47
0.60

*
0.28
0.06

*
0.60
0.14

*

*

* = test was not completed
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0.43
0.65
0.24
0.30
0.72
0.43
0.14
1.03
1.60
0.60
0.31

*
0.01
0.29

*
0.48
0.55

*

*

ROLL15BR -
BLOCK15S

0.01

0.33

0.18

0.11

0.59

0.14

0.46

0.12

0.68

0.64

0.92

*

0.27

0.04

.

0.13

0.09

*

*

ROLL15BR -
BLOCK30S

0.42

0.99

0.42

0.20

1.31

0.57

0.60

1.15

2.28

1.23

1.23

*

0.28

0.33

*

0.60

0.64

*

*

Mean of all differences

Mean
difference

1.20
0.52
0.26
0.17
1.12
0.80
0.28
1.00
191
0.61
0.73

0.12
0.73

0.34
1.08

0.72



Trinity College Dublin (TCD) Kate Macnamara

Appendix 18.9 Predicted VOamax from each of the six prediction equations

Test 1 Predicted VOsmax (ml-kg?:min)
Participant | “Bruce 1” | “Bruce 2” | “Foster” | “ACSM2018” | “ACSMLee” | “Fitmate”

1 50.64 52.77 50.61 52.37 51.35 50.41
2 55.74 58.50 56.83 52.37 47.71 53.94
3 45.49 46.97 44.10 52.37 50.26 51.27
4 46.38 47.98 45.23 42.49 52.86 46.39
5 48.62 50.50 48.08 52.37 48.94 54.46
6 51.37 53.59 51.52 52.37 45.84 49.00
7 54.73 57.36 55.63 52.37 55.56 58.18
8 49.74 51.76 49.49 52.37 46.04 54.85
9 51.93 54.22 52.21 52.37 49.70 52.74
10 40.06 40.87 37.26 33.38 45.37 40.74
11 51.87 54.15 52.15 52.37 55.99 61.26
12 54.22 56.80 55.02 52.37 47.36 47.47
13 45.49 46.97 44.10 52.37 49.21 45.10
14 39.55 40.30 36.63 42.49 52.45 42.58
15 43.25 44.46 41.25 42.49 44.10 48.14
16 60.94 64.35 62.68 59.87 63.59 69.15
17 46.50 48.11 45.38 52.37 48.56 45.73
18 48.29 50.12 47.65 52.37 55.79 61.12
19 43.92 45.21 42.11 42.49 50.47 46.94

“Bruce 1” = VOumax = 6.70 - (2.82 x sex weighting) + (0.056 x Duration) [men = 1; women = 0;
duration in seconds]

“Bruce 2” = VOamax = (3.778 x Duration) + 0.19 [Duration in minutes]

“Foster” = VOamax = 14.8 - (1.379 x Duration) + (0.451 x Duration?) - (0.012 x Duration3)
[Duration in minutes]

“ACSM2018” = VO, = 3.5 + (0.2 x speed) + (0.9 x speed x grade) [speed in m-min’; grade in
percentage as decimal; test conducted to 85% HRmax, calculate VO, for last completed stage,
and extrapolate to age-predicted HRmax]

“ACSMLee” = VO, = 3.5 + (0.1 x speed) + (1.8 x speed x grade) [speed in m-min™; grade in
percentage as decimal; test conducted to 85% HRmax, calculate VO, for Stages 1, 2, 3, average
the measured HR from last 30s of each stage, extrapolate to age-predicted HRmax With line of
best fit through VO, and HRs from stages 1, 2, 3]

“Fitmate” = Linear equation of the line, plotting measured VO, against heart rate in test
conducted to 85% HRmax, extrapolated to age-predicted HRmax
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Test 2 Predicted VOsmax (ml-kg?-min)
Participant | “Bruce 1” | “Bruce 2” | “Foster” | “ACSM2018” | “ACSMLee” | “Fitmate”

1 54.78 57.43 55.70 52.37 48.45 46.21
2 56.46 59.32 57.68 52.37 50.60 50.58
3 45.21 46.66 43.74 52.37 51.61 56.47
4 45.77 47.29 44.45 42.49 47.50 55.52
5 47.84 49.62 47.08 52.37 59.23 57.33
6 50.08 52.14 49.91 52.37 51.48 53.41
7 54.50 57.11 55.36 52.37 56.34 59.52
8 50.02 52.07 49.84 52.37 53.83 52.32
9 53.16 55.60 53.73 52.37 49.83 55.38
10 38.32 38.91 35.13 33.38 47.39 47.32
11 52.60 54.97 53.04 52.37 56.89 59.43
12 54.84 57.49 55.76 52.37 52.36 52.96
13 45.71 47.23 44.38 52.37 48.05 45.97
14 43.75 45.02 41.89 33.38 59.99 38.15
15 43.81 45.09 41.96 33.38 48.57 50.25
16 59.88 63.16 61.54 59.87 62.28 66.87
17 47.17 48.86 46.23 52.37 50.42 44.52
18 49.46 51.44 49.14 59.87 59.54 63.21
19 45.43 46.91 44.02 52.37 60.92 51.12
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Test 3 Predicted VOjmax (ml-kg:min)
Participant | “Bruce 1” | “Bruce 2” | “Foster” | “ACSM2018” | “ACSMLee” | “Fitmate”

1 54.50 57.11 55.36 52.37 49.65 49.91
2 56.86 59.76 58.14 52.37 47.67 47.45
3 45.10 46.53 43.60 52.37 48.17 45.34
4 45.21 46.66 43.74 42.49 46.51 52.70
5 47.00 48.67 46.02 52.37 56.87 54.83
6 51.48 53.71 51.66 52.37 49.89 53.80
7 55.06 57.74 56.03 52.37 55.79 59.93
8 48.51 50.37 47.93 52.37 52.32 55.27
9 55.12 57.80 56.10 52.37 53.48 54.10
10 39.22 39.92 36.22 42.49 45.92 43.86
11 52.10 54.40 52.42 52.37 46.26 63.06
12 * * * * * *
13 45.32 46.79 43.88 52.37 46.56 49.15
14 43.92 45.21 42.11 52.37 49.69 39.21
15 * * * * * *
16 59.82 63.09 61.48 52.37 57.66 60.88
17 47.50 49.24 46.66 52.37 48.03 47.79
18 * * * * * *
19 * * * * * *

* = test was not completed
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