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Abstract
Cardiorespiratory Fitness (CRF) classically measured by maximal oxygen consumption (VO2max), is
a strong predictor of morbidity and mortality. However, there is substantial inter‐individual variation in
CRF response with exercise training. Several lines of evidence suggest that the measurement of CRF
using VO2peak alone may be masking some of the submaximal cardiorespiratory adaptations, such as
exercise tolerance, that occur as a result of regular physical activity. Our goal is to assess the relationship
between changes in CRF and exercise tolerance in inactive men of varying age.
We studied 25 inactive men between the ages of 30 and 60 years ([mean (SD)] age = 44.3 (9.1))
from Kingston, Canada. Participants completed 4 weeks of moderate intensity exercise in accordance
with the Canadian Physical Activity Guidelines. All measurements were obtained at baseline and post
exercise. CRF was assessed using a maximal, graded treadmill test. Exercise tolerance was assessed
using a 12 minute time trial on a treadmill, where participants were instructed to cover as much
distance as possible through self‐selection of speed. Twenty four hour physical activity data was
obtained at baseline and during the final week of exercise using accelerometry. In a secondary analysis,
we compared the changes in exercise tolerance between responders and non‐responders of CRF.
Both CRF and exercise tolerance improved significantly over the intervention. There was no
association between absolute CRF values and exercise tolerance at baseline or post exercise. Relative
CRF showed a strong association with exercise tolerance at baseline and post exercise, r = 0.85 and r =
0.75, respectively (p<0.05). However, there was no association between changes in CRF and exercise
tolerance (p >0.05). Furthermore, there was no difference in change in exercise tolerance when
comparing responders to non‐responders of CRF (p > 0.05).

i

Alternative measures of fitness such as exercise tolerance may capture cardiovascular and
muscle metabolic adaptations not seen when CRF alone is measured. As such, these alternative
measures may be of clinical relevance in assessing changes in fitness in conjunction with CRF, which has
been well‐established as a key risk factor of all‐cause morbidity and mortality.
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Chapter 1 General Introduction

Cardiorespiratory fitness (CRF), as measured by VO2peak, is the rate of oxygen consumption of
the working muscles during maximal exercise [1]. It is a reflection of the ability of the respiratory and
circulatory system to deliver oxygen to the musculoskeletal system during physical activity [2]. It is well
established that CRF, classically measured by maximal oxygen consumption (VO2max), is a strong
predictor of morbidity and mortality [3]. Improvements in CRF are generally thought to be associated
with an increase in physical activity, as supported by results from both cross‐sectional and prospective
studies [4‐6]. Evidence from randomized controlled trials has demonstrated that physical activity
consistent with recommendations within the Canadian Physical Activity Guidelines is associated with
increases in CRF [5, 6]. Although it is established that participation in a regular physical activity regimen
is associated with an increase in CRF, it is also established that a substantial inter‐individual variation in
CRF response exists [5, 7‐11]. For example, if two individuals completed the same aerobic exercise
program, one may increase CRF by 20% while the other may not show any improvement. Results from
several trials confirm this observation for CRF [5, 7‐12]. It is established that roughly 20% of individuals
do not increase CRF as a result of a standardized aerobic exercise program [9]. A study by Scharhag‐
Rosenberger et al. [13] characterized the patterns of individual CRF adaptations as a result of aerobic
training. Eight of the individuals (45%) improved in all measured variables related to CRF (VO2peak,
resting heart rate, heart rate during steady‐state submaximal exercise and individual anaerobic
threshold) while over 50% of individuals did not respond to at least 1 basic measure of cardiorespiratory
adaptation after 1 year of aerobic training. This evidence supports the notion that the measurement of
CRF using VO2peak alone may be masking some of the submaximal fitness adaptations that occur in
response to regular physical activity. Moreover, it is possible that these improvements in submaximal
adaptation may be independent from improvements in CRF.
1

If adaptations in submaximal fitness are not strongly associated with changes in VO2peak, it is
possible that alternative measures of changes in exercise capacity may provide valuable insight and be
of clinical significance in risk assessment. The use of CRF to measure cardiorespiratory adaptations is a
valuable clinical tool as there is a strong association between CRF and risk of morbidity and mortality.
However, by furthering our understanding of the relationship between changes in CRF and submaximal
cardiorespiratory adaptations, the assessment of risk for individuals may be further improved. First, we
must determine the ideal methodology for measuring these variables. Due to the large individual
variation in changes to CRF, it is critical that both maximal and submaximal changes in cardiorespiratory
fitness be characterized and their relationship be identified.
There are other methods that quantify cardiorespiratory adaptations, including exercise
tolerance at submaximal work rates. Several investigators have considered this relationship between
CRF and performance in time trials and/or timed races. Individuals who have a greater CRF generally
have a greater exercise tolerance [14‐17]. Conversely, only a small number of trials have examined the
association between changes in CRF and changes in submaximal measures of cardiorespiratory
adaptation.
Currently, a handful of investigators have examined the associations between changes in
VO2peak and exercise tolerance as measured using time trials or common race distances (e.g. 3000m or
5000m) in recreational or elite athletes [18‐22]. The results have been conflicting; with some reporting
significant associations [19, 21, 22], while others found no association between changes in CRF and
exercise tolerance [18, 22]. Studies by Lortie et al [23]and Vollard et al [24]examined this relationship in
young, healthy, sedentary individuals using a 90 minute time trial and 10 minute time trials,
respectively. Similar to those results in recreational or elite athletes, the findings showed opposing
results; Lortie et al found a significant association between absolute changes in CRF and exercise
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tolerance [23], while Vollard et al showed no association between changes in these variables[24].
These differing results may be a result of several factors. It may be a consequence of the different
protocols used to measure exercise tolerance, including modality. An additional factor may result from
the methods used to measure and determine both CRF and exercise tolerance. For example, using
repeated measures of both CRF and exercise tolerance to calculate average values for both baseline and
post intervention would help to minimize bias resulting from day‐to‐day variation and measurement
error. Vollard et al collected repeated measures but simply used to highest value at the respective time
points as the correct score. This could create bias and/ or affect the results of the study.
Due to the contradictory findings of these current studies who examined the association
between changes in CRF and changes in submaximal measures of cardiorespiratory adaptation there is
a need for more research examining these associations. The strong association between improvements
in CRF and reductions in cardiovascular events and all‐cause mortality highlight the importance of
determining whether or not measuring CRF alone is the best measure of cardiorespiratory and fitness
adaptations. The goal of this research is to explore the association between changes in CRF and exercise
tolerance. Future research may be able to associate these fitness measures with health outcomes and
all‐cause mortality risk. This could ultimately lead to more accurate clinical field tests for measuring
cardiorespiratory adaptations and risk reduction of various health outcomes resulting from regular
physical activity in accordance with the physical activity guidelines. No known studies have taken a
clinical approach to the changes and associations of CRF, submaximal fitness and exercise tolerance.

3

Chapter 2 Review of the Literature
2.1 Cardiorespiratory Fitness and Health
Cardiorespiratory fitness (CRF), as measured by VO2peak, is the rate of oxygen consumption of
the working muscles during maximal exercise [1]. It is a reflection of the ability of the respiratory and
circulatory system to deliver oxygen to the musculoskeletal system during physical activity [2]. CRF is
classically measured by maximal oxygen consumption (VO2max). It is well established that CRF is a
strong predictor of morbidity and mortality, or simply stated the greater an individual’s CRF the lower
their risk of all‐cause mortality [25].A meta‐analysis by Kodama et al [25] has shown that low fitness,
defined as lower than 7.9 METs, is associated with a 56% greater risk of all‐cause mortality when
compared to individuals with intermediate fitness, ranging from 7.9 and 10.8 METs. The same paper has
also shown that an increase in VO2max of 3.5 ml/kg/min or 1 metabolic equivalent [26] is associated with
a 13‐15% reduction in risk of all‐cause mortality and cardiovascular events in men and women [25].
Longitudinal data from the Aerobic Center Longitudinal Study as well as other epidemiological studies
have demonstrated that low fitness is associated with an increased risk of developing numerous
morbidities such as diabetes [27, 28], hypertension [29‐31] and metabolic syndrome [32‐34].
The concept that improvements in CRF are associated with an increase in physical activity is
supported by results from both cross‐sectional and prospective studies [4‐6]. Evidence from numerous
randomized control trials have demonstrated that physical activity consistent with recommendations
from the Canadian Physical Activity Guidelines is associated with increases in CRF in both men and
women [5, 6]. Improvements in CRF over time have also been associated with all‐cause mortality in men
[4]. In a longitudinal study, Blair et al [4], followed a large cohort of men ranging in age from 20‐82
years, while measuring fitness at baseline and at follow up, on average 4.9 years later. Men who were fit
at both visits had the lowest risk of all‐cause mortality and cardiovascular disease‐related mortality,
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while individuals who were unfit at both examinations had the highest risk. Additionally, men who were
deemed unfit at baseline but became fit had a 44% reduction in their risk of all‐cause mortality and a
52% reduction in CVD‐related mortality risk compared to those who were unfit at both examinations. In
contrast, men who were fit and became unfit had a 19% increase in risk of all‐cause mortality compared
to those who were fit and remained fit. These findings highlight the importance of encouraging inactive
people and those of low fitness to become more active and increase CRF.

2.2 Variability of Response
It is generally accepted that increases in physical activity lead to an improvement in CRF.
However, there is substantial inter‐individual variation in the response of CRF to regular physical activity
[8‐10, 35, 36]. In a seminal paper by Prud’homme et al [36], the authors demonstrated that after 20
weeks of physical activity training, pairs of twins showed between 0‐58% improvement in CRF. Longer‐
term aerobic training studies have shown similar results. In a study by Korht et al [35], older, sedentary
men and women completed endurance exercise training 4 days/week for 9‐12 months. The CRF
response in this large cohort of older sedentary men and women showed a mean increase of 24% with a
range from 0‐58%. This variability has been demonstrated in larger trials as well. Sission et al
[9]examined changes in CRF in 464 sedentary, postmenopausal women between 45 and 75 years of age
in a randomized control trial design where participants were randomized to one of three exercise
conditions varying only in volume. While each group saw a significant improvement in VO2max, there was
a range of ‐33.2 to 76% change in absolute VO2max. A novel observation from this trial was that the
number of individuals who did not improve in CRF was dose‐dependent, such that the number of
individuals who exhibited no response in CRF decreased with an increase in exercise volume. The largest
clinical trial to examine the response of CRF to aerobic training is the HERITAGE Family Study, consisting
of 720 sedentary men and women between the ages of 17 and 65 years old. The results as shown in
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Figure 2.1, demonstrate the range of absolute VO2 change, which varies from no change to increases of
1000mL [8]. As outcome result of the substantial inter‐individual variation that has been repeatedly
documented, the terms non‐response and non‐responders have become commonly used in the
literature.

2.2.1 Defining the non‐responder
As mentioned previously, there is a wide range of inter‐individual CRF response to exercise
training [8‐10, 35, 36]. While the majority of individuals increase CRF as a result of standardized
moderate to high intensity exercise, a small number of individuals appear to show no change or even
decrease in CRF, after exercise training. These individuals are considered to be non‐responders. Non‐
response is defined as a zero or negative change in absolute volume of oxygen consumed from pre to
post intervention [8‐10, 35, 36]. In response to guideline exercise (150 minutes at moderate intensity) it
has been demonstrated that roughly 20% of individuals do not increase CRF and are therefore
considered non‐responders [9]. These non‐responders have raised important and pertinent questions in
the field of exercise physiology; if someone increases oxygen consumption by 0.01 L/min should this be
considered an improvement? Is this truly a change, or simply a result of measurement error?

2.2.2 The evolution of defining non‐response in CRF
In 2012, Bouchard et al [7] discussed the occurrence of adverse responses to regular exercise.
Substantial inter‐individual variation in response to exercise occurs in many if not all cardiometabolic
variables. Bouchard and colleagues recognized that if an adverse response or no change has occurred,
then any error in measuring the variable must be taken into consideration. The measurement for
Technical Error (TE) is a comprehensive error measure which includes the measurement error of day to
day biological variation and variances between laboratory technicians. It is defined as the within‐subject
standard deviation derived from repeated measures of a measured variable over a period of time [37].
6

Consequently, when TE is taken into consideration we see an increase in the number of non‐responders
[38].

2.2.3 Exercise‐induced change in CRF ‐ Central vs. Peripheral adaptations
The mechanisms by which changes in CRF occur are explained by adaptations within the
cardiorespiratory system [2]. There are 4 basic components to the system that transports oxygen from
the lungs to muscle in order to produce work 1) pulmonary 2) cardiac output 3) O2 carrying capacity and
4) skeletal muscle [39, 40]. Of these four components, the first 3 are considered central components,
while the last is a peripheral component of CRF. Several lines of evidence have suggested that the
components of cardiac output are responsible for approximately 2/3 of maximal oxygen uptake, while
the remaining 1/3 is a consequence of peripheral components, more specifically the arterial –venous
oxygen difference [41, 42]. However, the average individual is not typically limited by the pulmonary
system during exercise [43]. Even at maximal work, oxygen saturation of the blood does not generally go
below 95% and therefore does not limit CRF[43]. This is reflected in Fick’s equation for calculating the
volume of oxygen consumed:

VO

x C O –C O ,

where Q = Cardiac Output, C O = arterial blood oxygen content and C O = venous blood oxygen
content. Q can be further broken down into Q = SV x HR, where SV is stroke volume of the left ventricle
and HR is the heart rate in beats per minute.
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In order for an increase in CRF to occur as a result of regular aerobic exercise, one or more of
the components of the Fick equation must undergo a change as the result of an adaptation. Central
adaptations represent a change in the delivery of oxygenated blood to the muscles, or more specifically
cardiac output. It is generally believed that the primary determinant of VO2max is cardiac output [44]. This
notion is well established in the literature; Bassett and Howley in 2000 [39] stated that variation in
VO2max based on gender and fitness level are due to variations in stroke volume, which is a component of
cardiac output along with heart rate.
Furthermore, as a result of aerobic exercise over a period of time, several studies have found an
increase in stroke volume and cardiac output thus leading to an increase in maximal oxygen uptake [45,
46]. In each of these studies, the mean maximal heart rate actually decreased with aerobic training,
however, the increase in stroke volume was large enough to compensate with a net increase in cardiac
output and VO2max. These findings were in agreement with a review by Zavorsky in 2000 [47], wherein it
was concluded that in sedentary individuals, there is a reduction in maximal heart rate by 3‐7 % with
aerobic training. There are some studies with contradictory findings, suggesting that maximal heart rate
does not change with regular aerobic exercise despite an increase in VO2max [48‐50]. Regardless, all of
these studies suggest that increases in cardiac output are determined by an increase in stroke volume.
However, during maximal exercise, almost all of the oxygen is extracted from the arterial blood as it
passes through the capillary bed of the muscle [39]. The average oxygen content of arterial blood is 200
ml O2 / L of blood, which is reduced to 20‐30 ml O2 / L of blood by the time it reaches the venous side of
the working muscles [51]. Therefore, it would appear that extraction is approximately 90% efficient and
has very limited capacity to change, or have a large contribution to increases in CRF. The evidence
suggests that cardiac output plays a primary role in determining CRF or any adaptations due to aerobic
exercise. However, peripheral muscles also undergo adaptations and thus also play an important role in
the change in CRF.
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Peripheral adaptations impact the efficiency by which oxygen is moved from the blood into the
muscles. This movement causes a greater difference between the arterial and venous oxygen content
(a‐vO2) as has been observed in many instances [52, 53]. This difference in O2 saturation then results in
a greater volume of oxygen consumed by the working muscles according to Fick’s equation. As
mentioned earlier, arterial saturation does not vary a great deal with maximal work, thus in order to
increase the a‐vO2 difference, there must be an increase in oxygen extraction from the blood before it
reaches the venous system. This can be achieved through physiological adaptations as a result of
regular aerobic exercise such as changes in perfusion of the muscles [54‐56] and increases in oxidative
capacity and arterial‐venous oxygen difference [57] through an increase in mitochondrial enzymes in the
muscle fibers [58, 59].
Multiple studies have shown that there is a significant increase in the capillarization of the
muscle as a result of regular aerobic exercise that occurs in conjunction with an increase in VO2max [55,
56, 60]. This increase appears to occur across age groups in sedentary men [59, 61]. In 1983, Blomqist
and Saltin [52] theorized that the increase in capillarization allows for the transit time of the blood
perfusing the muscles to remain the same despite a higher cardiac output as a result of training. This
allows for a greater amount of oxygen to diffuse from the blood to the muscle cells than would have
occurred with an increased transit time [53].This allows for rates of oxygen extraction to be maintained,
even at higher rates of blood flow[62]. Furthermore, data from the STRRIDE study suggest that there is
no dose‐response relationship between the increase in the number of capillaries or capillaries/mm2 as a
result of aerobic training [63]. No differences were found in number of capillaries or capillary density
across groups who performed exercise at different volumes and intensities [63]. In summary, increases
of capillaries in the muscles for perfusion are important because the adaptation serves to maintain
transit time and the exchange in oxygen between the blood and the muscle. However, without an
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adequate number of mitochondria and the enzymes needed to process the oxygen being delivered, it
will not cause a widening of the a‐vO2 difference or increase CRF.

Aerobic exercise with the intent of increasing aerobic endurance has repeatedly been show to
increase the content of various muscle oxidation enzymes in men [24, 57, 59, 60, 64]. Murias et al [59]
have demonstrated that the increase in these enzymes is similar for both older and younger men after
12 weeks of endurance training 3 times per week for 45 minutes at 70% of VO2max. The timeline for an
adaptation of significantly increased enzymes for muscle oxidation has been shown to happen as early
as 3 weeks after exercising 4 times per week at 80% of VO2max [41, 58]. The dose‐response relationship of
adaptations to mitochondria‐related oxidative enzymes was also reviewed in the STRRIDE study [63].
Mitochondrial oxidative enzymes increased in all exercise conditions, however, these enzymes only
increased significantly as a result of low volume or high volume high intensity aerobic exercise, and not
from low volume, moderate intensity exercise. Furthermore, only the change in high volume, high
intensity aerobic exercise was associated with a change in VO2max. Finally, Charlton et al [48] showed
that both perfusion of the muscle and oxidative capacity increase with aerobic exercise results in an
increase in a‐vO2 difference at maximal exercise. This is consistent with Fick’s equation, and
consequently results in improvement in CRF.

2.3 Determinants of CRF ‐ Genetics, Gender, Age and unstructured PA
Several seminal bodies of work have shown that the variability of the CRF response to physical
activity training is strongly influenced by genetics and heritability. Bouchard et al examined the role of
genetics in the cardiovascular, metabolic and hormonal systems response to aerobic exercise training
[65]. In this study, 98 two‐generational families of Caucasian decent completed 20 weeks of aerobic
exercise training to examine the influences of genetics on the response of CRF. They observed 2.5 times
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more variance in CRF response between families compared to within families [66]. The variance of
maximum heritability was 47% when adjusted for sex and age, while 28 % of that variance was
transmitted through the maternal genetic contribution. This finding was similar to previous literature
from the HERITAGE Study that showed a heritability of VO2max as high as 50% in a cross sectional cohort
of related, sedentary individuals [67].
Additional studies have used monozygotic twins to quantify the genetic influence on
adaptations in CRF in response to aerobic exercise [36, 64, 68]. The studies by Prud`homme et al [36]
and Hamel et al [64]examined the response of CRF to 20 and 15 weeks of moderate intensity aerobic
exercise respectively, whereas Simoneau et al [68] completed 15 weeks of high intensity intermittent
aerobic training. All three studies produced similar results, with a much greater variance between pair
changes in VO2max compared to within pair changes in response to standardized aerobic exercise. It has
yet to be determined the specific genetic sequences that may influence the response of CRF, however, it
has been hypothesized that maternal mitochondrial DNA may play a prominent role[66].
Another significant biological trait that affects changes in CRF is age [69‐71]. The age‐related
decline of CRF in men and women is non‐linear [69, 71]. For example, Jackson et al [69]found that the
decline in CRF accelerates after the age of 45 years. Interestingly, they found that low BMI, non‐
smoking study participants who were more physically active were associated with a higher CRF across all
ages. Using data collected as part of the Baltimore longitudinal study of Aging, Fleg et al [71]examined
data from 810 men and women for changes in CFR with age and found a similar decline in CRF with age.
While the average decline was 3‐6% per decade during the 20`s and 30`s, the rate of decline in CRF
increased to 20% per decade after 70 years of age. Furthermore, they found a small but significantly
greater decline in CRF in men after the age of 40 years. Evidence suggests that the decline in CRF with
age can be attributed to a lower heart rate, lower stroke volume, and a lower arteriovenous oxygen
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difference at maximal exercise [70]. In a publication by Ogawa et al [70], the authors showed that a
smaller stroke volume is responsible for almost 50% of age‐related differences in CRF.
Gender has also been found to have an explicit influence on CRF as men generally have a higher
absolute and relative CRF than women [70, 72]. Morphological and physiological differences between
men and women can be used to explain the observed differences [73]. Men generally have a higher
blood volume, more red blood cells and greater amounts of hemoglobin. This allows for a greater
oxygen carrying‐capacity in the blood as well as the ability to create a higher arterial – venous oxygen
gradient. Generally, men also have larger hearts which allows for a lower resting and submaximal heart
rate, higher stroke volume and a greater oxygen pulse. Thus, the observed higher VO2max in men is
largely due to a greater cardiac output. Regardless of these physiological differences, it appears that
men and women demonstrate changes in VO2max of similar magnitude in response to aerobic exercise
[74].
Individuals who engage in regular aerobic exercise generally have a higher CRF [75, 76].
However, in populations of individuals who do not engage in regular physical activity, the role of
unstructured physical activity may play a significant role in CRF levels. The literature on the role of
unstructured physical activity on CRF is very limited. In 2011, Ross and McGuire [12] used an objective
measure of physical activity to examine the relationship between unstructured physical activity and CRF.
In a population of inactive, abdominally obese men and women, both duration and intensity of
unstructured physical activity were positively associated with CRF. Furthermore, sporadic
moderate/vigorous physical activity was positively associated with CRF but not light physical activity.
This has important clinical significance for promoting physical activity, highlighting the importance of
integrating physical activity into everyday activities for health benefit.
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2.4 Non‐Response of VO2peak to standardized exercise may mask adaptations in exercise
tolerance and during submaximal work
It is well established that some individuals do not improve in CRF as a result of regular physical
activity that is aerobic in nature [8, 9, 35] and are referred to as non‐responders. This has raised
questions about whether the VO2max test should be the only measure used to quantify improvements
in cardiorespiratory fitness. This single measure may be masking improvements in submaximal fitness
and exercise tolerance among those who do not appear to increase CRF in the VO2max test with physical
activity training. This is a significant query as CRF is becoming a central measure in predicting health
outcomes in the primary care setting. A secondary question is whether non‐responders incur the same
health benefits from physical activity as those who show improvement in CRF. As pointed out by
Bosquet et al [77], there is a great deal of literature examining the positive association between physical
activity and CRF with various health outcomes. However, the relationship between improvements in
aerobic endurance and health outcomes has yet to be determined. Bosquet et al suggest this as a
consideration for future research.
There is currently very limited literature examining the relationship between changes in CRF and
measures of submaximal exercise tolerance. Among the few existing studies, there are conflicting
findings as to whether changes in CRF are associated with changes in exercise tolerance and
performance of exercise at submaximal work rates ([18‐24, 78]). This will be discussed in greater detail
below. A potential contributor to the conflicting results may be a lack of consistency in the exercise
regimes being studied. Variation in volume and intensity of exercise training and =differences in
population samples may explain some of this inconsistency.

2.4.1 Alternative measures of cardiorespiratory adaptations
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Exercise Tolerance
Exercise tolerance or aerobic endurance is defined as the ability to do work at a percentage of
one’s VO2max for a given time [79, 80]. Exercise tolerance is frequently measured as an outcome of
aerobic training, however, there is very little consistency in the methodology used to
determine/quantify exercise tolerance due to the lack of standardized testing procedures [81]. Perronet
and Thibault [79] suggest that this may be the result of an incomplete understanding of the physiology
behind exercise tolerance and aerobic endurance. Current methods for measuring exercise tolerance
include measuring one’s ability to exercise at a specific relative intensity for as long as possible (constant
power test)[82], maintaining the highest relative intensity possible for a duration of time ( constant
duration test)[82] and , completing a constant amount of work defined by either a time or energy
expenditure target at the highest intensity possible (constant work test , or time trial) [82, 83]. However,
there are several limitations with each of these tests. First, the re‐test reliability of the constant power
tests has been shown to have a large range in coefficient of variability (2.8‐31.4%) in populations
exercising at 80% of VO2max [84]. Time trial tests have reported coefficients of variation of less than 2%
in trained cyclists [85, 86]. Whereas, constant duration tests demonstrate a coefficient of variation of
approximately 3% on both the treadmill [87] and cycle ergometer [81]. Therefore, time trials and
constant duration tests show very little variation and are highly repeatable, more so than constant
power tests. Second, modality presents a challenge for certain types of these tests. In order to control
power output or measure work performed, non‐weight bearing exercise such as cycling is more
pragmatic than running or walking. Therefore, for investigations examining exercise tolerance while
using a treadmill, the simplest measure to use is a constant duration test, while measuring distance
travelled as the outcome under well‐controlled parameters.
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Submaximal work
Several investigators have studied the physiological changes that occur at various submaximal
work rates in response to aerobic exercise training. The physiological changes most often examined
include any combination of various cardiorespiratory variables (heart rate, stroke volume, minute
ventilation, respiratory quotient, respiratory exchange ratio and oxygen consumption), oxidative
capacity of the muscle (substrate utilization) and blood lactate[52, 62, 77]. These variables are typically
measured during steady state exercise at a given work rate quantified by either a percentage of VO2max
[65, 88, 89], a percentage of peak work (W) [81]or at an absolute work rate, i.e. 50 Watts [65, 89]. The
adaptations of many of the above mentioned variables in response to regular aerobic exercise are well
characterized within the literature. Hagberg et al [90] and Karlsson et al [89, 90] have each shown that
for the same absolute work rate, oxygen consumption remains the same though other studies have seen
a decrease in oxygen consumption [91]. As observed in Wilmore et al, Moore et al, Hagberg et al, and
Davis et al, a lower oxygen consumption may be caused by a lower heart rate following aerobic training
in previously untrained individuals.[90‐93]. Data from the Heritage study reported by Wilmore et al [91]
, showed that at a given absolute work rate of 50W, there is an increase in the stroke volume, which
would support the notion that heart rate may be at least partially responsible for the observed changes
in oxygen consumption. In addition, minute ventilation has been reported to decrease with aerobic
training as well, where Davis et al [92] showed that after 9 weeks of training 5 days/week at 70 % of
VO2max, there was a significant decrease in minute ventilation for a given absolute work rate.
The metabolic consequences of submaximal work can be measured non‐invasively using
respiratory exchange ratio [94]. After 12 weeks of high intensity continuous training in young, sedentary
men, Coggan et al [88] showed a decrease in RER measured during the final 30 minutes of a 2 hour
endurance ride. Davis et al [92] saw similar results in sedentary middle aged men after 9 weeks of
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aerobic training. These findings are supportive of findings of Gollnick and Saltin who suggested that the
greater utilization of fat as a substrate is due to an increase in oxidative capacity in trained muscle [95].
Lastly, anaerobic threshold varies a greatly across individuals, even those of similar CRF [77]. ).
Aerobic threshold is known to increase with aerobic training, which can be measured directly using
blood lactate [95]. Blood lactate has been shown to decrease during submaximal exercise after 7
months of running 5‐6 km, 3 times per week in young men [89]. Anaerobic threshold, when measured
directly using blood lactate, occurs when blood lactate is greater than 4 mmol/L [96]. There are also
several indirect methods for measuring anaerobic threshold such as determining the point at which the
ventilator equivalent for oxygen increases without an increase in the ventilator equivalent for carbon
dioxide [92]. However, due to methodological concerns there have been issued raised about their
validity [77]. Regardless of the methodology, anaerobic threshold continues to be a strong predictor of
endurance performance [77]. As demonstrated, the physiological adaptations observed during
submaximal exercise have been well characterized throughout the literature.

2.4.2 Relationship between CRF and Exercise Tolerance
Cardiorespiratory fitness is measured by testing an individual’s upper physiological limit of
aerobic performance [97]. As a result, there has been a great deal of scientific resources spent on
describing the relationship between CRF and performance in aerobic constant work tasks such as time
trials/race distances [98, 99] and tests of constant duration [24, 94] , both of which are measures of
exercise tolerance [82]. Across the literature, there is strong consensus that VO2max predicts
performance in these exercise tolerance tests [77]. Saltin and Astrand [100] used data from the Swedish
national teams to show that VO2max varies across various sports, with those participating in endurance
sports having higher VO2max values compared to those in more traditional power sports such as weight
lifting. Though, Saltin and Astrand found that athletes participating in power sports still had much higher
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VO2max values compared to untrained male college students. In an earlier study, Astrand had similar
results which showed a strong relationship betweenVO2max and swimming performance in young
female swimmer [98]. Consistent with these findings, Barlow et al [94] conducted a study examining 15
competitive and 15 non‐competitive cyclists who were asked to complete two separate 10 minute
constant duration tests of exercise tolerance. One of the tests was carried out at a constant absolute
power output, while the other was at the power output associated with VO2max. VO2max was a strong
predictor of performance for both tests. In trained, male middle distance runners, Tanaka et al [101]
used a timed race test to further show the relation between VO2max and aerobic training. Runners in
this study completed 4 months of aerobic training with a 10000m run pre and post training. They also
performed a full battery of tests near the mid‐way point of the intervention in order to see intermediate
adaptations. At each test, VO2max was significantly associated with time to completion of the 10000m run
with r values ranging from ‐0.60 to‐0.85. Furthermore, Farrell et al [99] used 18 trained, middle distance
runners to examine the relationship of VO2max across various running distances. The relationship was
tested at distances of 3.2, 9.7, 15, 19.3 and 42.1 km. The findings suggested that VO2max was
significantly related to performance across all distances at r values of greater or equal to 0.83.More
recently, Vollard et al [24]reported a strong association between VO2max and performance of a 15
minute time trail in 24 sedentary males who underwent 6 weeks of aerobic training using cycle
ergometers . Before training, the relationship between CRF and exercise tolerance was reported to have
an R2 value of 0.80, meanwhile post‐training the relationship was almost equally as strong (R2 = 0.74).
This supports the notions that the relationship between CRF and exercise tolerance exists in sedentary
individuals as well as trained athletes. Thus, as observed in the literature, VO2max consistently improves
with improvement in fitness testing regardless of the aerobic training modality, from cycling to
swimming.
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However, it appears that this relationship does not necessarily hold true for all populations.

Studies performed with groups of elite athletes with similar VO2max have shown that VO2max does not
predict performance [83] and the relationship between CRF and performance may be very weak [102].
In a cohort of elite national class and state class cyclists with no differences in VO2max, performance
time during a 40km time trial was significantly better in the national class as compared to the state class
cyclists[83]. Ribeiro et al [102] found there to be no association between VO2max and performance in
400m freestyle swim time in 15 competitive swimmers. The evidence suggests a limitation that is only
present in elite level athletes, where other factors may play a larger role in exercise performance and
tolerance [62].

2.4.3. Relationship between changes in CRF and Exercise Tolerance
Given the strong relationship between CRF and exercise tolerance discussed above, one might
postulate that a strong relationship would also exist between the changes in CRF and changes in
exercise tolerance. However, very little research has been done on this specific relationship, and of the
studies completed, the results remain unclear. Of the studies looking at CRF and exercise tolerance, a
majority of these studies have used trained athletes (Table 1). Whereas, only 2 papers looked at
sedentary populations, while another looked at a cohort with COPD (Table 1). The study protocols also
vary significantly (Table 1).
The studies by Ramsbottom et al [21], Smith et al [22]and Paavolainen et al [20]showed no
associations between changes in VO2max and 5000m time trials. This may suggest that any exercise
tolerance changes that occur for a 5000m distance induced by endurance training or high intensity
interval training (HIIT) are not related to VO2max. In contrast, the relationship between changes in
exercise tolerance over 3000m and VO2max has shown some interesting findings. In the Smith et al [22]
study, only the 60%Tmax (See Table 1) group showed a significant association between changes in 3000,
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time and VO2max (r=0.78). However, none of the other exercise groups in this study showed a significant
relationship across changes in these variables. In a publication by Esfarjani and Laursen [19], the authors
reported that for young, moderately training males a significant relationship exists between changes in
3000m time and VO2max (r=0.76). However, according to Vollaard et al this finding is invalid as the
control subjects experienced no changes in 3000m time or VO2max, but were included in the correlation
analysis. Furthermore, in elite marathon runners, with 8 weeks of typical endurance training there was
no significant association between changes in a 1000m time trial and VO2max [18]. Due to the discrepant
findings, the relationship between changes in CRF and exercise tolerance in trained individuals remains
unclear.
Further examination of the relationship between changes in CRF and exercise tolerance has also
been reported while using constant duration measures in sedentary populations [22, 23]. In a young
sedentary cohort of males and females, Lortie et al [23]demonstrated a significant relationship between
absolute changes in VO2peak and total work done in a 90 minute time trial, but not in the relative changes
of each variable. Conversely, in a young sedentary population Vollaard et al [24] found no association
between changes in VO2max and exercise tolerance during a 15 minute time trial.

Table 1.1. Summary of studies examining the relationship between changes in CRF and exercise
tolerance
Study
Ramsbottom et al [21]

n
16

Smith et al [22]

27

Subjects Description
12 ‐ Recreationally
Active
4 – PHE Student
Controls
Highly Trained Runners

Intervention Groups Description
 5 weeks of endurance training
 At least 3x/week of outdoor running at self‐
selected duration and intensity
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4 weeks of HIIT training or moderate
intensity endurance training
3 groups:1)Control – standard endurance
training 2) HIIT at 60% of Tmax 3) HIIT
70%Tmax (HIIT training consisted of 2x/week
plus 1 recovery run. Training time was
matched between groups)

Esfarjani and Laursen [19]
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Young, Moderately
Trained Runners

10 weeks of HIIT training or endurance
training
 3 groups:1) Control – standard endurance
training 2)8x60% Tmax 3) 12x 30sec @ 130%
vVO2max
 Endurance training consisted of 4x 60
minutes/week at 75% vVO2max
Billliat et al [18]
9
World Class Male and
 Measurements taken 10 weeks and 2 weeks
Female Marathon
before Olympic trials.
Runners
 180 and 155km/week for men and women
respecitvely
Paavolainen et al [20]
18 Elite Cross Country
 9 weeks of explosive strength training
Runners
combined with endurance training
 2 groups: 1) 32% of training replaced with
explosive strength training 2)Endurance
training with 3% explosive strength training
Lortie et al [23]
24 Young,Sedentary
 20 weeks of training
Males and Females
 5x/week at 65‐85% HRR
Vollard et al [24]
24 Young, Sedentary
 6 weeks endurance training
 4x/week for 45 minutes @ 70% VO2max
Ong et al [78]
37 Stable, Chronic COPD
 6 weeks of endurance training
Patients
 3x/week for 20‐30 minutes at 70% of peak
work
Tmax – Time until exhaustion while running at speed associated with VO2max. vVO2max‐ speed associated with
VO2max.

Lastly, Ong et al looked at individuals with chronic, stable COPD and changes in VO2peak [78].
Across all participants, there was no significant relationship between changes in VO2peak and
performance in an endurance test consisting of cycling at 80% of peak work rate. Thus, given the
conflicting findings across the current literature, the relationship between changes in VO2peak and
exercise tolerance remains unclear. More research is needed in order to further understand this
relationship and its implications for exercise recommendations and testing in the clinic across trained
and untrained individuals.

2.5 Summary
CRF is a strong predictor of morbidity and mortality; however there is a large amount of
individual variation in changes to CRF with increased regular physical activity. Within this large amount
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of variation, approximately 20 % of individuals do not improve CRF at all in response to regular aerobic
exercise and are termed non‐responders. This begs the question of whether cardiorespiratory and
musculo‐skeletal adaptations may be occurring but are not captured by assessing CRF alone. An
abundance of literature exists documenting the positive submaximal and endurance adaptations that
occur as a result of aerobic training. However, more research is required in order to further develop our
understanding of the relationship between changes in CRF and exercise tolerance. It is particularly
important to explore this association in cohorts that better represent the Canadian population. Due to
the large individual variation in CRF response to aerobic exercise, this may have serious implications on
the methods used for assessing risk as well as in improving the public health messages to increase CRF
and improve health.
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Chapter 3 – Cardiorespiratory Fitness Adaptations to Exercise in
Sedentary Men
3.1. Introduction
Cardiorespiratory fitness (CRF), as measured by VO2peak, is the rate of oxygen consumption of
the working muscles during maximal exercise [1]. It is a reflection of the ability of the respiratory and
circulatory system to deliver oxygen to the musculoskeletal system during physical activity [2]. It is well
established that CRF, classically measured by maximal oxygen consumption (VO2max), is a strong
predictor of morbidity and mortality [3]. Improvements in CRF are generally thought to be associated
with an increase in physical activity, as supported by results from both cross‐sectional and prospective
studies [4‐6]. Evidence from randomized controlled trials has demonstrated that physical activity
consistent with recommendations within the Canadian Physical Activity Guidelines is associated with
increases in CRF [5, 6]. Although it is established that participation in a regular physical activity regimen
is associated with an increase in CRF, it is also established that a substantial inter‐individual variation in
CRF response exists [5, 7‐11]. For example, if two individuals completed the same aerobic exercise
program, one may increase CRF by 20% while the other may not show any improvement. Results from
several trials confirm this observation for CRF [5, 7‐12]. It is established that roughly 20% of individuals
do not increase CRF as a result of a standardized aerobic exercise program [9]. A study by Scharhag‐
Rosenberger et al. [13] characterized the patterns of individual CRF adaptations as a result of aerobic
training. Eight of the individuals (45%) improved in all measured variables related to CRF (VO2peak,
resting heart rate, heart rate during steady‐state submaximal exercise and individual anaerobic
threshold) while over 50% of individuals did not respond to at least 1 basic measure of cardiorespiratory
adaptation after 1 year of aerobic training. This evidence supports the notion that the measurement of
CRF using VO2peak alone may be masking some of the submaximal cardiorespiratory adaptations that
occur in response to regular physical activity. Moreover, it is possible that these improvements in
submaximal adaptation may be independent from improvements in CRF.
22

It is plausible that alternative measures of changes in exercise capacity may provide valuable
insight and be of clinical significance in risk assessment. The use of CRF to measure cardiorespiratory
adaptations is a valuable clinical tool as there is a strong association between CRF and risk of morbidity
and mortality. However, by furthering our understanding of the relationship between changes in CRF
and submaximal cardiorespiratory adaptations, the assessment of risk for individuals may be further
improved. First, we must determine the ideal methodology for measuring these variables. Due to the
large individual variation in changes to CRF, it is critical that both maximal and submaximal changes in
cardiorespiratory fitness be characterized and their relationship be identified.
There are other methods that quantify cardiorespiratory adaptations including exercise
tolerance aerobic endurance at submaximal work rates. Several investigators have considered this
relationship between CRF and performance in time trials and/or timed races. Individuals who have a
greater CRF generally have a greater exercise tolerance [14‐17]. Conversely, only a small number of
trials have examined the association between changes in CRF and changes in submaximal measures of
cardiorespiratory adaptation.
Currently, only a small number of investigations have examined the associations between
changes in VO2peak and exercise tolerance as measured using time trials or common race distances
(e.g. 3000m or 5000m) in recreational or elite athletes [18‐22]. The results have been conflicting; with
some reporting significant associations [19, 21, 22], while others found no association between changes
in CRF and exercise tolerance [18, 22]. Studies by Lortie et al [23]and Vollard et al [24]examined this
relationship in young, healthy, sedentary individuals using a 90 minute time trial and 10 minute time
trials, respectively. Similar to those results in recreational or elite athletes, the findings showed
opposing results; Lortie et al found a significant association between absolute changes in CRF and
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exercise tolerance [23], while Vollard et al showed no association between changes in these
variables[24].
Conversely, only a small number of trials have examined the association between changes in
CRF and changes in submaximal measures of cardiorespiratory adaptation. Thus, there is a need for
more research examining the associations between CRF, submaximal fitness adaptations and exercise
tolerance. The strong association between improvements in CRF and reductions in cardiovascular
events and all‐cause mortality highlight the importance of determining whether or not measuring CRF
alone is the best measure of cardiorespiratory adaptations. The goal of this research is to explore the
association between changes in CRF and measures of submaximal fitness. Future research may be able
to associate these fitness measures with health outcomes and all‐cause mortality risk. This could
ultimately lead to more accurate clinical field tests for measuring cardiorespiratory adaptations and risk
reduction of various health outcomes resulting from regular physical activity in accordance with the
physical activity guidelines. No known studies have taken a clinical approach to the changes and
associations of CRF, submaximal fitness and exercise tolerance.
Therefore, the purpose of this study is two‐fold. The first objective of the study is to examine
the relationship between changes in CRF and exercise tolerance in sedentary men. Meanwhile, the
second objective is to compare the changes in exercise tolerance between responders and non‐
responders of CRF.

3.2 Methods
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3.2.1 Study Population
Participants were inactive (no more than 1 hour per week of self‐reported PA) men (n = 26)
between the ages of 30 and 60 years recruited using mass media (e.g. Posters, Facebook, Etc) from the
general Kingston area. Inclusion criteria were: self‐reported weight stable (± 2kg) for 6 months prior to
the commencement of the study and non‐smoking. Exclusion criteria included: BMI over 40 kg/m2,
physical impairment that would make performing the required exercise difficult or unsafe, or a history of
cardiovascular disease (including myocardial infarction, stroke, coronary bypass surgery or angioplasty)
in the past 6 months. All participants provided written consent (Appendix 2) and completed the PAR Q+
(Appendix 2) as part of the screening procedure. In accordance with the PARQ+, those participants who
required consent from their family physician before participating in the study had an additional medical
form sent to and completed by their family physician prior to participation in the study. This study was
approved by the Queen’s University Health Sciences Research Ethics Board.

3.2.2 Measurement of Cardiorespiratory fitness
CRF was measured by recording the peak oxygen consumption per unit time ( VO2peak) of each
participant in a maximal, graded treadmill exercise test in combination with open‐spirometry
(SensorMedics Corp, Yorba Linda, California) (Appendix 2). The test was terminated when participants
reached volitional fatigue. During the test, the speed was set at 3.7 mph, while the incline was increased
by 2 % grade at 3 minute intervals. In cases where individuals did not reach volitional fatigue prior to
finishing the work rate at 14 % grade, speed was then increased by 0.4 mph every 3 minutes. This
increase in speed was an equivalent increase in intensity as increasing the work rate by 2% grade. The
treadmills were calibrated daily to ensure speeds and grades were consistent over the course of the
study. Heart rate was monitored continuously throughout the test using a Polar Heart Rate monitor
(Polar Oy, Kempele, Finland) and recorded at 20 second intervals for the duration of the test. The Borg
rate of perceived exertion scale was used to determine rates of perceived exertion at each work rate
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during the test. CRF was measured twice at baseline and twice following the exercise intervention. This
was performed to determine repeatability of the test. A minimum of 24 hours rest was given between
all fitness testing procedures during which the participants were asked not to perform any structured
exercise. The values of the two tests at baseline and post‐intervention were averaged unless the
absolute difference in maximal oxygen consumption between tests was greater than 5%. If the
difference was greater than 5% the higher value was taken to be VO2peak.
In addition, we wanted to determine if estimating maximal oxygen consumption as was done in many of
the large scale epidemiology studies displayed similar changes as direct measures. Consequently, we
used the ACSM formulas for walking and running were used to approximate oxygen consumption at the
highest work rate achieved and the associated METs value.

3.2.3 Measurement of exercise tolerance
Exercise tolerance was measured as the maximum distance travelled during a 12 minute time
trial, on a motorized treadmill. This duration was chosen because it simulates the Cooper test which is a
accepted and established submaximal test used to predict oxygen consumption [103]. Participants
walked or jogged at a self‐selected speed, which could be adjusted throughout the duration of the time
trial. The grade remained at 0% grade (level) throughout the test. Participants were encouraged to push
to the point of exhaustion by the completion of the time trial. Heart rate was monitored continuously
throughout the test using a Polar Heart Rate monitor (Polar Oy, Kempele, Finland) and recorded at 20
second intervals for the duration of the test. Speed was measured in miles per hour and recorded at 20
second intervals in unison with heart rate (Appendix 2). Distanced travelled at 6 minutes and total
distance was recorded, while average speed for the entire test was calculated. METs were calculated at
20 second intervals using the recorded speed data. The speed recorded at each 20 second interval was
then inserted into the ASCM walking or running equation to calculate oxygen consumption. Once the
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oxygen consumption was calculated, the value was then converted in to METs. The values of the two
tests at baseline and post‐intervention were averaged to obtain final values unless the distance travelled
at 12 minutes between tests showed a difference of greater than 5%. In this case, the test result with
the higher value was used for analysis.

3.2.4 Measurement of physical activity
Twenty‐four hour PA was measured using the GT3X accelerometer (Actigraph, Pensacola,
Florida) for a 7‐day period at baseline and during the final week of the exercise intervention. The
accelerometers collected data in 1 minute epochs continuously for the full 7 days while worn on a belt
positioned on the front of the right hip. Participants wore the monitors only during waking hours and
removed the device before sleep. Participants also completed a log sheet to record the time at which
they woke up in the morning, went to bed at night and if they removed the device for any water‐based
activities. A minimum of 10 hours of wear time was required for a complete day to be registered [104].
For this analysis, at least 4 complete days of data with the inclusion of 1 weekend day was required for
inclusion [105]. Wear time was calculated through the use of extended periods of zero counts, which
was evaluated by visual examination in conjunction with the participant logs.
The interpretation of the accelerometer values for the purpose of estimating intensity of performed
physical activity was carried out using cut points reported by Freedson and colleagues [106]. According
to Freedson and colleagues, sedentary time (SED) is defined as ≤ 100 counts per minute (cpm), light
physical activity (LAP) is defined as 100 to 1951 cpm, moderate physical activity (MPA) as 1952 to 5724
cpm, vigorous physical activity as ≥ 5725 cpm and total physical activity (TPA) is defined as all activity ≥
100 cpm. TPA was determined by totaling all minutes of physical activity with counts ≥ 100 cpm and
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dividing by the number of complete days the device was worn. The average intensity of TPA was
determined by taking the sum of all the cpm counts and dividing by the total number of minutes of
physical activity. The average minutes spent per day in each of the intensity categories was calculated
by determining the total amount of minutes within each category across the week and dividing by the
number of complete days the device was worn. Intensity was determined by calculating the total cpm
for a given category and dividing by the total minutes spent within that category.

3.2.5 Exercise intervention
Participants completed 4 weeks of supervised aerobic exercise within our laboratory at Queen’s
University. All were asked to exercise 5 times per week for 30 minutes at 65% of their VO2peak. This is
in accordance with the Canadian Physical activity guidelines, which recommend 150 minutes of
moderate activity each week for health benefit. Heart rate was monitored continuously throughout each
exercise session using a polar heart rate monitor (Polar Oy, Kempele, Finland) and recorded along with
treadmill speed and grade at 5 minute intervals. Speed and grade were adjusted throughout each
session to maintain target heart rate within 3 bpm. Total calories expended during each session were
calculated using a linear equation determined from baseline VO2peak.

3.2.6 Measurements of body composition
All anthropometric measurements were obtained pre‐ and post‐exercise. Body mass was measured to
the nearest 0.1 kg on a calibrated, beam scale. Standing height was obtained to the nearest 0.1 cm using
a wall‐mounted stadiometer. Circumference measurements were obtained at the waist, hip, thigh, calf,
and bicep using techniques common to our research group [107].
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3.2.7 Dietary Regime
Participants were asked to not alter their diet quantity and/or quality throughout the study. We
did not require dietary records in an attempt to minimize any changes or biases which may be related to
the simple act of recording dietary intake.

3.2.8 Statistical analysis
All data are presented as means and standard deviations. Statistical analysis was performed
using SPSS statistical software (SPSS Inc, Chicago, Illinois). All variables were examined for normal
distribution, outliers and equal variance prior to analyzing mean differences. LPA duration was
logarithmically transformed for the purpose of comparing means pre and during exercise. Differences
between repeated measures obtained at baseline and post exercise were compared using paired sample
T‐tests. The average % of VO2peak participants exercised at during the exercise tolerance test was
compared at pre and post using paired sample T‐tests with bootstrapping as a result of non‐normal
distributions of the data. Average changes of all measured variables pre and post were also compared
using paired sample T‐tests. Measurement error for VO2peak and total distance covered during the
exercise tolerance test was calculated using a measurement of technical error (TEM) [108]. This measure
takes into consideration assessor error and day‐to‐day variation in the variables and is calculated by
taking the square root of the sum of squared differences of repeated measures and dividing that by the
total number of samples (number of paired samples multiplied by 2). Intra‐class correlation coefficients
were calculated to repeatability of CRF and Exercise tolerance at baseline and post intervention.
The association between CRF and exercise tolerance measurements acquired at baseline and post
intervention were examined using two‐tailed bivariate correlations. All continuous variables were
standardized through the conversion to z‐scores. The standardized values were used in the forced‐entry
linear regression analysis to determine the variables that significantly predicted change in CRF. The
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results of the model are interpreted in such a manner than a significant b score of 1.5 represents a 1.5
fold increase in CRF for each unit increase in the predictor variable. As a result of the standardized scale,
a single unit change is equal to a change of one standard deviation.
Differences of changes of exercise tolerance between responders and non‐responders of CRF were
determined using independent T‐tests. Non‐responders were identified as those who had changes of
CRF equal to or below the TEM.

3.3 Results
Descriptive characteristics.
Participant characteristics are shown in Table 3.1. The men were middle aged [mean (SD): 44.3
(9.1) yrs)]. All but three of the men had a BMI greater than 25. Baseline CRF varied considerably (29 –
58.3 ml/kg/min) with a mean relative VO2peak of 41.9 ml/kg/min.

Changes in anthropometric measures and physical activity.
There was no significant change in body mass as a result of the exercise trial (Pre: 94.2 kg (18.2)
Post: 93.6 kg (17.3) p > 0.05). However, there was a significant decrease in waist circumference at the
iliac crest (Pre: 107.5 cm (16.6) Post: 106.3 cm (15.9), p < 0.05).
Adherence to exercise intervention.
All participants who completed the exercise intervention completed a minimum of 80% (16/20)
of the required exercise sessions (Table 3.3). Participants attended 94% of the expected sessions on
average and completed the exercise at the target intensity assigned (mean % of VO2peak = 64.5, SD =
1.3). Five participants did not complete the intervention and are not included in the analyses. Of these 5
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participants, two withdrew because of injuries that occurred outside of the lab and three due to a lack
of time.
Physical activity data as measured by accelerometry pre‐ and during the last week of the
exercise intervention is shown in Table 3.2. As expected there was a significant increase in MVPA (p<
0.001) due to the prescribed hour of MVPA performed 5x/week. Indeed, if the prescribed MVPA was
removed, no change in MVPA or TPA was observed. There was no change in LPA (p> 0.05) and
sedentary time decreased (p<0.05). After adjusting MVPA measured during the final week of the
intervention for the structured, aerobic physical activity carried out in the laboratory, there was no
significant difference in MVPA or TPA in comparison to the pre exercise values (p> 0.05)(Table 3.2).
Repeatability.
For absolute VO2peak, there was no significant difference between the first and second tests at
baseline (p> 0.05) or post exercise intervention (p> 0.05) (Table 3.4). The absolute values of VO2peak for
test 1 and 2 at baseline and post exercise intervention had intraclass correlation coefficients of 0.92 and
0.93, respectively. Likewise, relative VO2peak showed no significant difference between the first and
second VO2peak test at baseline (p> 0.05) or post exercise intervention (p> 0.05) (Table 3.4) and
demonstrated an Intraclass correlation coefficients of 0.95 at baseline and 0.97 post exercise.
At baseline the Intraclass correlation coefficient for exercise tolerance, measured using distance covered
during the time trial, was 0.99 for the repeated tests. Despite the strong association, the mean distance
covered was significantly higher in the second test (p < 0.05) (Table 3.4). For post‐exercise, an Intraclass
correlation coefficient between the two tests of 0.99 was obtained for the repeated tests. Similarly to
the duplicate measures at baseline, the distance in the second exercise tolerance test post‐exercise was
significantly greater (p = 0.001) than the first (Table 3.4).
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Exercise‐induced change in CRF and Exercise Tolerance.

CRF and exercise tolerance variables pre‐ and post‐exercise are shown in Table 3.5. After 4
weeks of moderate intensity physical activity there was a significant increase of absolute VO2peak (p
<0.01), while the relative VO2peak also significantly increased (p<0.01) (Table 3.5). Along with VO2peak,
peak METs also increased significantly as a result of the increased physical activity (p<0.001).
Furthermore, maximal HR as well as the HR at 65% of VO2peak decreased significantly (p<0.001). Finally,
time on treadmill until volitional fatigue was indicated by the participants also increased (p<0.001).
Exercise tolerance improved significantly following the 4 week intervention (Table 3.5) Total distance
travelled during the 12 minute time trial increased significantly (Pre: 1.10 (0.27), Post: 1.19 (0.30),
p<0.001), along with distance travelled after 6 minutes (p<0.001). These findings are a consequence of a
significant increase in average speed over the 12 minute trial (p<0.001). In addition, the average METs
at which the participants worked over the 12 minutes increased significantly (p<0.001). Total MET
minutes performed during the time trial increased (p<0.001) from 104.2 (36.70) MET/min to 115.6
(38.7) MET/min from pre‐ to post‐ exercise. Interestingly, the average HR maintained during the course
of the time trials did not change significantly (p> 0.05). However, the fractional utilization VO2peak
observed during the completion of the exercise tolerance test at increased significantly from 70.6 %
(10.4) to 75.3 % (10.5) after the exercise intervention.
Associations between CRF and Exercise Tolerance Pre‐ and Post‐Exercise.
Pre‐exercise CRF (L/min) was not associated with total distance travelled during the exercise
tolerance test (r = 0.29, p = 0.2) or distance travelled after 6 min of the exercise tolerance test (r = 0.3, p
= 0.2) (Table 3.6). Meanwhile, relative CRF (ml/kg/min) was significantly correlated with distance
travelled during the exercise tolerance test (r=0.85, p< 0.001), and distance travelled after 6 min of the
exercise tolerance test (r = 0.83, p <0.001).
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Post‐exercise showed similar results to pre‐exercise. Post‐exercise CRF (L/min) was also not
correlated with post‐exercise total distance travelled during the exercise tolerance test or distance
travelled after 6 minutes with r values of 0.20 (p = 0.33), and 0.27 (p = 0.19), respectively (Table 3.6).
Conversely, relative CRF (ml/kg/min) was associated with total distance travelled during the 12 minute
test (r = 0.75, p < 0.001), 6 minute distance (r = 0.74, p < 0.001)
Associations Between changes in CRF and Exercise Tolerance.
The changes in absolute CRF were not associated with changes in exercise tolerance (R2= 0.006,
p> 0.05). Figure 2 depicts the intra‐individual changes in CRF (L/min). The change in CRF was not
significantly associated with any other exercise tolerance variable (p > 0.05) (Table 3.7). The change of
HRmax during the VO2peak test accounted for 16.6% of the variance in changes of CRF (p<0.05).
For relative measures of CRF (ml/kg/min), the changes were not associated with concomitant
changes in exercise tolerance (R2= 0.009, p> 0.05). Changes in CRF and changes in 6 minute distance
demonstrated a significant relationship (R2= 0.163, p = 0.05), however, this association was no longer
significant when the model was adjusted for change in body mass (R2= 0.19, p >0.05). Similar to absolute
CRF, change in HRmax during the VO2peak test was a significant predictor of change in CRF (ml/kg/min)
(R2= 0.186, p = 0.03).
Further analysis was completed to determine if changes in exercise tolerance differed between
responders and non‐responders of CRF. There were 13 identified non‐responders using the technical
error of measurement (0.204 L/min of oxygen consumption). This represents 52% of the sample. There
was no significant difference in the mean change of exercise tolerance between responders (0.07 miles
(0.06), n = 12) and non‐responders (0.11 miles (0.09), n = 13), p >0.05.
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Table 3.1. Participant Descriptive Data
n = 25
Mean

SD

Age (years)

44.3

(9.1)

Height (cm)

177.1

(7.5)

Weight (kg)

94.6

(17.7)

BMI (kg/m2)

30.1

(5.2)

Waist (cm)

106.3

(15.9)

Absolute VO2peak (L/min)

3.86

(0.49)

Relative VO2peak (mL/kg/min)

41.9

(7.7)

VO2peak (METs)

11.9

(2.2)

MVPA (minutes/day)

26.5

(16.3)

LPA (minutes/day)

254.4

(70.5)

TPA (minutes/day)

280.9

(75.9)

SED (minutes/day)

635.0

(80.6)

VO2peak values are an average of the 2 baseline tests.
MVPA – Combined moderate and vigorous intensity physical activity
LPA – Light intensity physical activity
TPA – Total physical activity
SED – Sedentary time
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Table 3.2. Summary of physical activity patterns pre‐exercise and during the intervention
Pre
During
p
Ave Duration per day
MVPA (min)
27.2 (17.0)
54.8 (18.0)
<0.001
LPA (min)
256.3 (74.1)
256.0 (60.8)
0.98
TPA (min)
283.5 (79.7)
310.9 (67.2)
0.28
SED (min)
637.8 (84.0)
597.1 (90.3)
<0.01

Adjusted

p

29.2 (18.5)

0.38

285.1 (68.3)

0.89

Ave % per day
MVPA
3.0 (1.8)
6.0 (1.9)
<0.001
3.2 (2.1)
0.38
LPA
27.8 (7.1)
28.4 (7.1)
0.61
TPA
30.7 (7.7)
34.4 (7.9)
<0.01
31.5 (8.0)
0.42
SED
69.2 (7.7)
65.6 (7.8)
<0.01
All data is presented as mean (SD).
Significance p < 0.05. n = 22
Adjusted values represent values after removal of the structured physical activity prescribed in the exercise intervention.
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Table 3.3. Exercise Adherence Data
Sessions prescribed

20

Sessions attended

18.8 (1.4)

Attendance (%)

94.2 (6.9)

Intensity prescribed (% VO2 peak)

65

Intensity performed (% VO2 peak)

64.5 (1.3)

Kcal expended (per session)

375 (46.9)

Data presented as mean (standard deviation)
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Table 3.4. Repeatability of CRF and exercise tolerance at baseline and post intervention
Pre
Post
Test 1
Test 2
p
Test 1
Test 2
CRF (L/min)
3.76 (0.50)
3.72 (0.54) 0.50
3.98 (0.54)
3.98 (0.50)
CRF (mL/kg/min)
41.4 (7.4)
41.0 (8.0)
0.61
43.8 (8.6)
43.9 (8.5)
Total distance (Miles)
1.07 (0.26)
1.09 (0.28) 0.03
1.15 (0.32)
1.19 (0.30
All data presented as mean and SD, n=24
Comparisons using paired sample T‐tests
Significance at p < 0.05
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p
0.94
0.87
0.001

Table 3.5. Changes in CRF and Exercise Tolerance
Pre
CRF
VO2peak (L/min)
3.86 (0.49)
VO2peak (mL/kg/min)
41.9 (7.72)
METspeak
10.20 (1.15)
185.8 (13.6)
HRmax (bpm)
HR65% (bpm)
148.1 (12.9)
Predicted VO2peak (mL/kg/min)
35.9 (4.15)
Time on Treadmill [109]

1223.2 (272.6)

Post
4.05
44.3
10.75
177.3
142.0
37.8

(0.51)
(8.59)
(1.26)
(11.8)
(10.7)
(4.49)

1337.6 (297.3)

ΔValue
0.20
2.41
0.55
‐8.48
‐6.18
1.90

Δ%

(0.34)
(3.48)
(0.56)
(5.43)
(5.10)
(1.93)

114.4 (77.79)

5.5
5.9
5.9
‐4.5
‐4.0
5.4
9.5

Exercise Tolerance
Total Distance (miles)
1.10 (0.27)
1.19 (0.30)
0.09 (0.79)
6 min Distance (miles)a
0.52 (0.13)
0.58 (0.16)
0.06 (0.06)
Ave Speed (mph)
5.53 (1.32)
5.88 (1.51)
0.45 (0.39)
Ave METs
8.45 (2.97)
9.37 (3.14)
0.92 (0.82)
MET∙minutes
104.2 (36.7)
115.6 (38.7)
11.36 (10.1)
Ave HR (bpm)
154.5 (18.3)
153.4 (17.4)
‐1.15 (5.63)
% VO2peakb
70.6 (10.5)
75.3 (10.5)
4.77 (6.58)
All values are group means (SD)
n = 25
Notes: a ‐ n=24, b – paired sample T‐test was bootstrapped as a result of data that did not have a normal distribution.
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8.4
10.4
8.3
12.3
12.3
‐0.6
7.3

P‐Value
(9.0)
(9.2)
(9.2)
(2.8)
(3.3)
(5.7)

P=0.009
P=0.002
p<0.001
p<0.001
p<0.001
p<0.001

(7.0)

p<0.001

(7.0)
(10.1)
(6.8)
(14.6)
(14.6)
(3.7)
(10.5)

p<0.001
p<0.001
p<0.001
p<0.001
p<0.001
P>0.05
P<0.01

Table 3.6. Correlation coefficient between CRF and exercise tolerance at baseline and post exercise
Total Distance (miles)
6 Minute Distance (miles)
Pre
Absolute VO2peak (L/min)
0.29
0.3
Relative VO2peak (mL/kg/min)
0.85*
0.83a*
Post
Absolute VO2peak (L/min)
0.20
0.27
Relative VO2peak (mL/kg/min)
0.75*
0.74*
n= 25, a n = 24.
Significance at p< 0.001.
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Table 3.7. Regression analysis of change in exercise tolerance variables with CRF
B
SE
p
R2
Exercise Tolerance Variables
Total Distance (miles)

‐.079 (0.208)

0.706

0.006

6 min Distance (miles)a

‐0.305 (0.199)

0.138

0.093

Ave Speed (mph)

‐0.103 (0.207)

0.625

0.011

Ave METs

‐0.054 (0.208)

0.796

0.003

MET∙minutes

0.054 (0.208)

0.769

0.003

Ave HR (bpm)

‐0.083 (0.208)

0.692

0.007

Exercise Tolerance variables were run in simple linear regression models. n= 25.
Significance = p < 0.05
n = 24 indicated with a
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Figure 3.1A. Individual changes in maximal oxygen consumption

Change in Maximal Oxygen Consumption
Legend

1
0.8

Measurement of technical Error

Change in L/min

0.6
0.4
0.2
0
‐0.2
‐0.4
‐0.6
‐0.8

Individual Participant

Figure 3.1B. Individual changes in exercise tolerance corresponding to change in CRF

Changes in Exercise Tolerance
0.3

Change in Distance (miles)

0.25
0.2
0.15
0.1
0.05
0
‐0.05
‐0.1

Individual Participants

Figure 3.1A. The change in oxygen consumption of each individual participant is ranked from lowest to
highest. Those in red are considered to be non‐responders, while taking the technical error of
measurement into account. Technical Error of Measurement (TEM) = 0.204 L/min of oxygen consumption.
Thirteen of the participants (52%) were considered non‐responders in regards to absolute CRF after 4
weeks of aerobic physical activity.
Figure 3.1B. This displays the corresponding change in exercise tolerance for each individual participant in
Figure 3.1A. There were 6 non‐responders of exercise tolerance. TEM = 0.044 miles.
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3.4 Discussion
A primary finding of this study is that no association was observed between changes in CRF and
exercise tolerance, while responders and non-responders of CRF improved in exercise tolerance equally.
This finding suggests that alternative measures of fitness, such as exercise tolerance, may capture
cardiovascular adaptations not seen when CRF alone is measured. As such, these alternative measures
may be of clinical relevance in assessing changes in fitness in conjunction with CRF which has been well
established as a key risk factor of all-cause morbidity and mortality.
The aim of this study was to examine the association between changes in CRF and exercise
tolerance and the possible implications of these changes. A small number of studies have looked at this
relationship in regards to endurance performance with conflicting result; yet, none have look at the
possible clinical relevance of the relationship. The findings of this study supported our hypothesis that
changes in CRF are not associated with changes in exercise tolerance. Our results are consistent with
results of Vollard et al [24] in 2009, which showed no relationship between changes in CRF and exercise
tolerance while examining a sedentary population of young, normal weight males. Our study suggests
that the lack of association between changes in CRF and exercise tolerance remains true across
sedentary men of a wide age range and who present with phenotypes resembling the stereotypical
sedentary adult.
In addition, while there is no difference in improvements in exercise tolerance between
responders and non‐responders of CRF, our findings also show that there is substantial inter‐individual
variation across all participants. It is possible that the changes in exercise tolerance may be more
consistent across participants compared to changes in CRF; this may be due to exercise tolerance being
more reflective of the exercise completed during the study. Nonetheless, approximately 28% of
participants showed no improvement in CRF after 4 weeks of aerobic physical activity consistent with
the Canadian Physical Activity Guidelines. This is a similar finding to that of Sission et al [9], who
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reported a 23.8% non‐response in CRF for sedentary women who completed exercise according to
guideline recommendations for 6 months. Furthermore only 3 participants or 12% of our sample were
considered non‐responders in regards to exercise tolerance because they did not improve beyond our
technical error. Of those who were non‐responders of CRF, only 1 of those was also a non‐responder of
exercise tolerance. This supports the notion that non‐responders for a single measure of training
adaptation may still demonstrate a response in alternative measures as shown by Scharhag‐
Rosenberger et al [13]. Our findings reinforce the evidence which suggests there is a need for alternative
testing to capture fitness adaptations that may be missed through the use of CRF alone.
This study shows that exercise tolerance may increase independent of changes in CRF,
suggesting that the adaptations responsible for changes in these two measures may not be
concomitant. The general consensus in the literature is that CRF is generally determined by central
adaptations [44], while exercise tolerance is more greatly influenced by peripheral adaptations [97].
Cardiorespiratory fitness sets the upper limits of one’s ability to perform aerobic tasks [62, 110], while
skeletal muscle may adapt to allow individuals to carry out aerobic work at a greater fractional
utilization of CRF without increasing the cardiovascular system’s ability to deliver oxygen to the muscle
[24]. This is most commonly observed in groups of elite, trained athletes with similar CRF values but
varying performance during races [97, 111]. Intuitively, there must be other adaptations that allow some
individuals to outperform others with similar or higher CRF, or improve exercise tolerance independent
of changes in CRF. First, changes in running economy, the improvement in mechanical efficiency which
allows an individual to do the same amount of work with lower oxygen consumption, could play a role in
increased exercise tolerance [77]. An improved running economy would allow an individual to work at a
higher work rate for a given oxygen consumption without changes in CRF. This provides a possible
mechanism for changes in exercise tolerance independent of changes in CRF. Secondly, Horowitz et al
[112] suggested that improvements in running economy may be a result of a greater number of type I
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muscle fibres and changes in motor unit recruitment patterns. A third possible mechanism may be an
increased lactate threshold as a result of aerobic training, which would allow individual to exercise at a
greater percentage of VO2peak for a given period of time [113]. Reductions in blood lactate for a given
work rate of exercise may be related to a reduction in the rate of lactate production through muscle
glycogen sparing or to an increase in the oxygen availability at the onset of exercise [114, 115]. Lastly,
Endurance training also causes hypertrophy of type I fibres along with the transformation of fibres from
Type IIb to Type IIa or from Type IIa to Type I, which increases their oxidative capacity. However, the
transition to Type I fibres is not likely given that our study is relatively short in duration [26, 116‐118].
Nonetheless, all of these mechanisms are possible adaptations which may be responsible for the
observation that changes in CRF and exercise tolerance appear to have no association.
Conversely, there is some literature that demonstrates a moderate to strong association
between changes in CRF and exercise tolerance [18‐20, 22, 23]. This has been demonstrated in elite
athletes [18, 20], moderately trained athletes [19] and sedentary individuals [23]. Lortie et al [23] in
1984 showed a significant association between the change in relative CRF and the total work completed
in a 90 minute time trial relative to body weight in young, sedentary men and women after 20 weeks of
aerobic training. A study by Smith et al [22] looking at different interval training programs for optimising
training in well trained runners had conflicting results across intervention groups. Neither of the 2
interval training groups or the control group – which executed traditional, continuous training – showed
a significant relationship between change in CRF and performance over a 5000m time trial. However,
one of the interval training groups had a significant relationship between changes in CRF and
performance in a 3000m time trial. Clearly more research needs to be done in order to elucidate the
relationship between changes in CRF and exercise tolerance in response to physical activity according to
guideline.
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Our study has several strengths which include: i) objectively measuring 24 hour physical activity
to ensure no changes in duration of TPA or MVPA as a result of introducing structured exercise, ii)
repeated measures to affirm we are measuring biological changes rather than measurement error, and
iii) tightly controlled exercise sessions and the use of an inactive population that is reflective of men
within the Canadian population. However, a limitation of this study is the small sample size, which
increases the probability of making type II statistical errors in the regression analysis. We also did not
examine fitness adaptations to physical activity in women. Inclusion of women in our sample with an
increased sample size would have allowed us to examine the possibility of any gender differences in our
measures. Furthermore, a measurement of blood lactate during measures of CRF while using criterion
methods would have provided more information about possible mechanisms responsible for the
changes we observed.
Due to the inconsistent findings in the current literature, the association between changes in
CRF and exercise tolerance remains to be resolved; however, growing evidence is strengthening the
argument that these two measures are not associated. Our findings strengthen this theory by
demonstrating a lack of association is consistently found over a wide age range of sedentary men after
controlling for possible confounding effects of changes in 24 hour physical activity. Furthermore, this
theory is reinforced by the finding that there is no difference in exercise tolerance between responders
and non‐responders of CRF.
Changes in alternative measures of cardiovascular and musculoskeletal adaptations that occur
as a result of guideline based physical activity may provide a more clear depiction of the benefits of
physical activity not captured when measuring CRF alone.
This observation combined with the strong association between improvements in CRF and
morbidity and mortality as well as changes in exercise tolerance being similar between responders and
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non‐responders of CRF, there may be significant clinical relevance to these findings. Including measures
such as exercise tolerance in future clinical research may enhance our understanding of how changes in
such measures impact morbidity and mortality, allowing us to predict health risk in clinical settings more
accurately than when using a CRF measure alone. Exercise tolerance measures may also contribute to
the development of pragmatic tests to assess changes in CRF and measure the health benefits of
physical activity within the primary care setting.
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Chapter 4 ‐ General Discussion
4.1 Clinical implications
The principle findings of this study support the belief that there is no association
between changes in CRF and exercise tolerance, and that the measurement of fitness adaptations using
CRF alone may be masking some of the benefits of guideline type physical activity. Due to the well‐
established relationship between CRF and morbidity and mortality, as well as the well‐known inter‐
individual variation in response of CRF, alternative measures such as exercise tolerance may assist in
quantifying changes that are not captured while measuring just CRF. This notion of measuring
adaptations of fitness not captured by the measurement of CRF alone was further strengthened by our
finding that there was no difference between increases in exercise tolerance between responders and
non‐responders of CRF. This may be an important clinical observation moving forward when it comes to
measuring physical activity and CRF in a clinical setting to assist in health risk assessment for patients.
Perhaps these alternative measures are quantifying adaptations that are more reflective of day‐to‐day
physical activity rather than physical activity at a maximal intensity that is rarely, if ever, attained from
common activities of daily living or recreation.
Our findings do not conclude the discussion of whether an association between changes in CRF
and exercise tolerance exists; however, they do further our current knowledge by examining a wide age
of sedentary men, who predominantly present with an overweight, abdominally obese phenotype. In
addition, we are the first study to our knowledge to examine this association while measuring 24‐hour
physical activity.

4.2 Strengths and limitations
The design of our study strengthened ability to make inferences from our results. Repeated
measures at baseline and post exercise allowed us to take into account measurement error and
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subsequently ensure that our values and changes values were biologically true. Also, the collection of
24‐hour physical activity data at baseline and during the intervention allowed us to objectively measure
physical activity patterns, as well as control for any changes in physical activity which could have
confounded our results. We ensured that participants did not experience any weight loss beyond that
associated with the caloric deficit introduced from the prescribed exercise (approximately 1.0‐1.5kg), as
this could have been a confounding variable in the performance of exercise tolerance.
Despite these strengths, there were also limitations to our research that should be noted. First,
the lack of a control group prevents the comparison of observed changes from random changes, and
precludes cause and effect conclusions, both of which would be possible from a randomized, control
design. However, one could make the argument that little to no changes in CRF or exercise tolerance
would be expected without a change in physical activity patterns. Moreover, although the measurement
of 24‐hour physical activity both at baseline and during a 1‐week period during the intervention provides
strong indication of changes in physical activity patterns, they do not necessarily represent physical
activity levels over the course of the entire intervention.
Second, the small sample size of this study is a limitation as it increases the probability of type II
statistical errors. Furthermore, the sample of men was predominantly Caucasian, which may limit the
generalizability of our findings. Notwithstanding this limitation, the broad inclusion criteria for this study
and the large prevalence of inactive men in the 30‐60 years age range within the Canada make our
findings of practical importance and further the literature on the discussion of the relationship between
changes in CRF and exercise tolerance.
Lastly, the timing of the CRF and exercise tolerance tests was pragmatically as close to the same
as possible at baseline and post exercise. Ideally, these tests would have been administered at the exact
same time of day at each time point to further minimize any differences in heart rate or respiratory
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exchange ratio that could be explained by the differences in time of day. Furthermore, baseline and post
testing was kept as close to the same time of day as possible, but some variation did exist due to
scheduling conflicts and the participants’ availability. Again, executing all tests at precisely the same
time of day would have been ideal. Lastly, having a standardized meal prior to the completion of the
VO2peak tests would have given a more controlled measure of respiratory exchange ratio, as it would
have provided participants with a standardized amount of substrate for fuel during the tests.
Participants were instructed to eat well‐balanced meals on the day prior, while consuming 200g of
carbohydrate to provide an adequate supply of fuel during the tests. Providing participants with meals
would have ensured that the exact same food consumed.

4.3 Future Research
Future research should develop pragmatic field tests that can be executed within a clinical
setting. The final goal would be the development of a test, or small set of tests that could be carried out
with minimal equipment, specialization and time commitment, yet still contribute to the assessment of
risk for various health outcomes. In order to reach that end goal, a great deal of research must be
completed to fill in the current knowledge gaps. First, the relationship between CRF and alternative
measures such as exercise tolerance must be concretely established across heterogeneous samples that
represent the entire Canadian population. Second, these measures must be conducted in large scale,
longitudinal trial to establish their relationship with morbidity and mortality, similar to trials that have
been conducted examining CRF. Such trials would provide evidence for the usefulness of the measures
in predicting health risk in a practical/non‐laboratory setting, and thus improve our ability to assess and
treat patients in clinical practice and primary health care. Finally, standardized protocols for these
measures must be developed and agreed upon by researchers and healthcare professionals. These tests
must be validated and sensitive to change, yet remain pragmatic. They must be carried out with minimal
specialized equipment and expertise by health care professionals in a clinical setting. Furthermore,
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research should continue to examine the biological factors and mechanisms that control response to
regular physical activity. More specifically, that the biological factors that dictate responders versus non‐
responders of CRF in response to regular aerobic physical activity should be examined further.

Chapter 5 ‐ Summary and Conclusion
In sedentary individuals, the benefits of physical activity in accordance with the guidelines on
increasing CRF and exercise tolerance can been observed after only 4 weeks. However, a growing body
of literature, including the study presented in this thesis, emphasizes the large individual variation of
response across various measures of fitness change. The findings of this study support the theory that
there is no association between changes in CRF and exercise tolerance. In addition, this study has shown
that there are similar increases in exercise tolerance between responders and non‐responders of CRF
which furthers the importance of using alternative measures to assess cardiovascular fitness. As CRF has
gained importance as a clinical tool to assess patient risk of morbidity and mortality, these alternative
measures may become clinically relevant because they may further the ability to recognize adaptations
occurring as a result of physical activity. Although these adaptations may not be related to changes in
CRF, they are likely associated with health benefit. Further research is needed in order to understand
the relationship between these alternative measures and all‐cause morbidity and mortality risk.
However, our findings suggest that CRF alone may not capture the physiological benefits of regular
physical activity and that this is a worthwhile area to explore further.
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1.1. Introduction
Improvements in VO2peak are generally associated with increases in physical activity, however it is
generally accepted that 15‐20 % of individuals labelled as “Non‐responders” do not increase VO2peak as a
result of aerobic exercise training depending upon intensity. It is also well known that improvements in
submaximal CRF and exercise tolerance (time to exhaustion) occur as a result of aerobic exercise
training. It is not well understood, however, whether improvements in submaximal CRF and exercise
tolerance are limited to those who improve VO2peak, or, if it is not obligatory for improvements in these
measures to occur concomitant with improvements in VO2peak.
Thus, in the SUBMAX Study, we will examine 30 inactive men to characterize their changes in VO2max,
submaximal fitness and exercise tolerance in response to guideline recommended physical activity.
The primary aim of the trial is to characterize the associations between changes in CRF with changes in
submaximal fitness and exercise tolerance, which may be more closely reflect activities of daily living.
We will test the following hypotheses:

1) Improvement in maximal oxygen consumption, VO2peak, is not obligatory for
improvements in oxygen consumption during submaximal exercise and exercise
tolerance.
2) There are only moderate to weak associations between changes in VO2peak,
submaximal oxygen consumption and exercise tolerance
3) That improvements in submaximal oxygen consumption and exercise tolerance will
not differ between responders and non‐responders for VO2peak.

Inherent to successful intervention trials with adults is a need for strict adherence to a protocol that
minimizes opportunities for bias, ensures proper treatment of participants, and provides uniformity in
intervention and assessment. The following manual of procedures provides step‐by‐step instructions for
carrying out recruitment, assessment, management, and data analysis for the SUBMAX Study.

1.2. Key Personnel
Co‐Investigators
Essential to the study are the major decision makers. First and foremost, John Clarke, along with Dr.
Robert Ross as the co‐investigators will provides the final word on all major decisions regarding the
study.
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Graduate Students
The Ross Laboratory graduate students will assist in various SUBMAX Study tasks including taking
accurate measurements of study variables (VO2peak, Exercise tolerance), monitoring exercise, and safely
storing and securing participant data.








Andrea Brennan
Sara Giovannetti
Mitch Wilson
Alex Ricketts
Angela Fernandez
Theresa Cowan
Billy Bostad

Project Coordinator
The Lifestyle and Cardiometabolic Research unit project coordinator, Melinda Vanzanten will assist in
administrative tasks and well as the management of the participants when needed.
Data Manager
The data will primarily be managed by John Clarke. Our lab data manager, Paula Stotz, will assist in
managing the data if problems or concerns arise.
Research Assistants/ Volunteers
The Lifestyle and Cardiometabolic Research unit has several research staff that may assist in data
collection, monitoring exercise, safely storing and securing participant data.. All research assistants and
volunteers undergo rigorous training and must be deemed efficient in any skill to be performed by the
co‐investigators prior to any involvement in the study.

1.2.1. In Case of Sickness or Emergency
In case of sickness or other absence, the following action should be taken:
Call your back‐up person to see if they can cover your appointments for you. The numbers can be found
on the lab team contact list. (Appendix 1)
1) If your back‐up is not available, then call John Clarke (613‐533‐6000 ext 78613 or his cell
phone 613‐453‐8191) and leave a message with the type of appointment(s), participant ID(s)
and time of appointment(s) that you will be missing or that need to be rescheduled.
2) The Exercise Monitor will be contacted and is then responsible for contacting the participant(s)
and notifying them of the cancellation and notifies them that they will be contacted later in the
day to reschedule their appointment.
3) The Exercise Monitor will then notify the Co‐investigator (John) of the cancellation(s) and who
needs to be rescheduled via email or phone.
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4) Exercise monitors will need to contact all the other exercise monitors to see if someone can
cover otherwise all early exercisers will need to be contacted.

Back up List:
John Clarke ‐ call Christine Dibblee
Exercise Monitor ‐ call one of Alex Ricketts, Billy Bostad, Angela Fernandez, Theresa Cowan, Sara
Giovannetti or John Clarke.

1.3. Recruitment
In the SUBMAX Study, we will employ various recruitment strategies such as newspaper advertising,
facebook, kijiji and posters as outlined below. All participants will be free‐living and will be self‐referred.

1. Newspaper advertisements in the local newspapers ( Kingston This Week, KGH Spectrum, Queen’s
Gazette)..
2. Posters – Letter‐size, printed in color on good‐quality paper, and posted in strategically‐located
places throughout the community, including: medical facilities, malls, bookstores, libraries,
churches. An example can be seen in Appendix 2.
3. Public speaking opportunities –for example Rotary International, etc.
4. Word of mouth
5. Radio and television – for example, interviews on CKWS (local TV station)
6. Facebook and Kijiji
Personnel




Co‐Investigator, John Clarke (Responsible for study advertising; handling telephone calls from
interested participants (see section 1); orientation meetings; schedules baseline appointments)
Project Manager (assists with study advertising; handling telephone calls from interested
participants (see section 1.4)
Graduate Students (assists with handling telephone calls from interested participants and
collects measures at baseline fitness testing)

The figure below outlines the flow of participants from recruitment to start of intervention:
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Potential participant contacts
Project Coordinator/ Co Investigator

Baseline measures are performed

Telephone screen is performed
to confirm eligibility

Medical Screening and Doctor
medical forms if needed are
returned

If eligible, participant is invited to
recruitment meeting

If after recruitment meeting
participant is still interested,
consent form and medical
screening is completed

Participants start intervention

1.4. Telephone and Email Screening of Participants
Telephone and email screening is employed so that ineligible people are not invited to the recruitment
meeting only to be disappointed to find that they are ineligible to participate. Screening is completed
either by phone or email. Potential participants may send messages to the address
submax@queensu.ca. See the Generic Initial Response word document for emails (Appendix 3).

Personnel:
The Co‐Investigator, Graduate Students and Project Manager will receive telephone calls and emails and
will screen potential participants with telephone script (Appendix 3). They will enter data on the
Telephone Screen Form (Appendix 4).

Telephone and Email Screening Procedures
Not everyone fits the criteria we are looking for in our study. In advertising, however, we are cautious
not to screen out too many candidates initially, so that we will not lose eligible participants who may not
think they fit our criteria. Our advertisements encourage interested people to contact John Clarke/ or
Project Manager either by phone or email, who screens the individuals’ by asking them specific
questions. Major explanation of the project details does not occur over the phone, but is rather deferred
to the recruitment meeting, where John Clarke will be more thorough and present the ideas and reasons
for the study more fully. Please use the Telephone Screening Script or Generic Initial Response email
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(Appendix 3) when in contact with potential participants. Ensure all eligibility questions are answered
and a Screening Form is filled out before inviting an individual to a Recruitment Meeting.
For the SUBMAX Study, the criteria are the following:
Inclusion criteria:





Men between 30 and 60 years of age.
Sedentary lifestyle (less than 1 hour of planned physical activity per week).
Weight stable (± 2kg) for 6 months prior to the beginning of the study.
BMI less than 40 kg/m2.

Exclusion criteria:







Physical impairment that would contraindicate exercise or make it too difficult to complete
according to a physician. Including a history of myocardial infarction, stroke, angioplasty or
coronary bypass surgery in the past 6 months; unstable angina, ischemia and peripheral artery
disease.
Current Smoker
Inability or unwilling to provide consent
Participating in another research study simultaneously
Plans to move from the area within the next 2 months

Management of Telephone Screening Data
The potential participants will be categorized into one of the following groups: (1) interested and
attending a recruitment meeting, (2) not interested, and (3) ineligible. The reason for a potential
participant’s ineligibility will be recorded (i.e.Too active, BMI>40, etc).
Telephone screen forms will be entered into the SUBMAX participants Access database as follows:
1. On the Obesity network, open SUBMAX on \\DiskStation\Gradstudent\

2. The database is found in the “Participants” folder

3. Click on the “New Participants” button on the main menu

4. Once opened you will see a table. At the top of the table, is an “add new participants” button, click
on this [119]
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5. A form will be displayed that looks similar to the telephone screen hard‐copy. Enter the information
as required. For those individuals who are either ineligible or uninterested in participating, only a few
fields need to be filled out: how they heard, name, age, interview eligibility, and ineligible details.

1.5. Recruitment Meetings
When candidates successfully pass the eligibility criteria assessed by telephone or email (i.e., they self‐
reported being sedentary and BMI < 40), the recruitment meeting will be scheduled. Dependent upon
the number of attendees, the meeting may be done as a group or on an individual basis. If completing a
group meeting, it is important to book a room in advance for the meeting and schedule an appropriate
number of potential participants to attend. Meetings can be booked with Josie at the Queen’s phone
extension x78584 or birchalj@queensu.ca. A room should be booked at least a week in advance. If a
projector is needed, the lab’s projector is located in the CORE conference room.
Personnel



John Clarke
Graduate Students

Recruitment Meeting Procedures
The recruitment meetings fully educate each candidate as to the procedures performed, the time
commitment required, and the potential risks and benefits for involvement in the study. Care is made to
be careful to hold no detail back and to present the information as concisely as possible.
The Graduate Students and/or Research Volunteers will meet the candidates at the entrance of the
School of Kinesiology and Health Studies and escort them to the meeting location.
The two documents given to the participants upon arrival to the meeting are listed below

1. Consent to Volunteer for Participation in a Research Study Informed Consent (Appendix 5)
2. PAR‐Q+ Questionnaire (Appendix 6)

In the final minutes of the session, the recruitment meeting presenter will explain each of the above
documents and what the potential participant should do with them. The informed consent may be
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completed immediately or it may be taken home and read carefully with a spouse or friend before it is
signed and returned to John Clarke or the Project Coordinator. The candidate also may complete their
PAR‐Q+ Questionnaire immediately or bring home to look over and complete.
Depending on the answers to the PAR‐Q+ Questionnaire, participants may be asked to have a medical
Questionnaire completed by their physician. The candidate is informed that any invoice associated with
completion of their medical form can be faxed to the Project Coordinator for payment.
After the presentation is complete, there will be a question and answer session so that the candidates
can raise any questions or concerns they may have. Once the meeting is over, the participants have
three options:
1. Let John Clarke / or the Graduate Student know that they are not interested in participating.
2. Let John Clarke / or the Graduate Student know that they are going to think about it. One of
John Clarke or the Graduate Student will note the names of these candidates for follow up.
3. Complete the informed consent and the PAR Q+ and sign up for a VO2max test if interested.
John Clarke / or the Graduate Student will schedule the first VO2peak appointment and fill out a
first VO2peak Appointment Information Sheet (Appendix 7) which the candidate will also take
home with them. All interested candidates are assigned an ID number (i.e. J001).

Management of Data Collected at Recruitment Meeting
Once the interested candidates are assigned an ID number, John Clarke/ or Graduate Student enters
their name and contact information into the Excel spreadsheet that is used for scheduling purposes. The
hardcopies of the Telephone Screening Form for these candidates are kept in their individual participant
folders within the Project Manager’s office. The hardcopies of the Telephone Screening Form for
candidates who are not interested are kept in a binder in the Project Manager’s office organized in 3
categories: Those who did not respond after receiving the initial information email with the screening
form; those who did reply but were not interested and those who were ineligible.

Medical Questionnaires
If the participant answers yes to one of the questions in section 1 of the PAR‐Q+, They must complete
section 2. IF they answer yes to any of the follow up questions in section 2, they will take a secondary
Medical Questionnaire to their family physician for medical approval or we will fax it to their family
physician for them if they wish. IF they answer No to all questions in the follow up questions in section
2 of the PAR Q+, then they are free to begin their baseline assessment and exercise under the
supervision of trained graduate students/ or staff.
If a participant does not have a family physician they will be informed to try a medical clinic to see if the
on‐call physician will be willing to fill it out.
Medical Questionnaire Charges
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In past studies, some of the potential participants’ physicians preferred performing a complete physical
before giving signed approval. The signed paperwork and the physical are no longer covered by OHIP
due to legislation changes. We will instruct the participants to bring the receipts for such fees into John
Clarke/ or the Project Manager for reimbursement. Alternatively, the physician may invoice us directly.
The fees will vary from a $20 paperwork fee to $200.

1.6 Assessments and Scheduling
There are three primary outcomes in the SUBMAX Study: VO2max (see section 1.6.4), Submaximal
oxygen consumption (see section 1.6.4) and Exercise Tolerance (see section 1.6.6). All other tests are
for secondary outcomes.

1.6.1 Scheduling
The scheduling of assessments for all participants is done primarily by John Clarke.
The following table outlines the type of assessment, the time point, who is responsible for booking the
appointment and the associated rules for each appointment.
All appointments are entered on the Google calendar which is shared by all students/staff/volunteers. It
is the each individual’s responsibility to check the calendar at all times in case of cancellation or new
appointments.
It is extremely important that anyone entering in appointments check and double check that the times
are correct and everything has been entered.

ASSESSMENT

TIME POINT

STAFF RESPONSIBLE
FOR BOOKING

LENGTH OF
APPT

RULES FOR BOOKING

Anthropometric
Measures

Baseline

John Clarke/

45 Min

‐Booked with the John Clarke ‐
Booked here at Queen’s

V02max fitness
test

Baseline (x
2)

John Clarke

60 Min

‐Booked with the John Clarke/
Graduate Student at HDH

‐starting at
8:00am

68

‐Provide map to the V02 room
entrance

‐ending at
6:00pm

Exercise Tolerance
Test

Baseline
(x2)

John Clarke

60 Min
‐starting at
8:00am
‐ending at
6:00pm

‐Bring shoes and water
‐Can book two appts back to
back, but then allow an hour
before the next V02 for
calibration of the VMax cart
‐ Booked with the John Clarke/
Graduate Student at HDH
‐Provide map to the V02 room
entrance
‐Bring shoes and water
‐Can book appts back to back
with no restrictions because no
gases are collected.

Anthropometric

4 week

John Clarke

30 Min

‐Booked with the John Clarke ‐
Booked at the HDH lab in
association with the Exercise
Tolerance test.

V02 fitness test

4 week (x2)

John Clarke

60 Min

‐Randomized order with
Exercise Tolerance Test

‐starting at
8:00am
‐ending at
6:00pm

‐Booked with the John Clarke/
Graduate Student at HDH
‐Provide map to the V02 room
entrance
‐Bring shoes and water
‐Can book two appt back to
back, but then allow an hour
before the next V02 for
calibration of the VMax cart
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Exercise Tolerance
Test

4 week
(x2)

John Clarke

60 Min

‐Randomized order with
VO2peak Test
‐Booked with the John Clarke/
Graduate Student at HDH
‐Provide map to the V02 room
entrance
‐Bring shoes and water
‐Can book two appt back to
back, with no restrictions
because gases are not
collected.



Example of ideal 4 week appointments:
o Last day of exercise (Day 0)
o Day 1 ‐ VO2peak test
o Day 2 ‐ VO2peak Test
o Day 3 ‐ Rest Day
o Day 4 ‐ Exercise Tolerance Test/ Anthros
o Day 5 ‐ Exercise Tolerance Test

At Week 4, the order of the VO2peak and Exercise Tolerance Test will be randomized in order to prevent
any bias. The Anthro appointment will always be paired with the first exercise tolerance test following
completion of the intervention.
PLEASE NOTE: Once a week John Clarke or an exercise monitor will go through all active participants,
and email a list of all upcoming appointments to the John Clarke. This list will include ID, which
appointments need to be booked and an approximate date.
**** If you are not able to book the appointments in this order, please ensure that the participant has
had a day of exercise, and no more than two days of rest before the first follow‐up appointment. There
should be no more than 48 hours between any 2 tests.

1.6.2. Anthropometry
A comprehensive set of anthropometric measurements will be collected at weeks 0 and 4.
Anthropometric measurements should be recorded on the Anthropometric Data Collection Form
located in the SUBMAX filing cabinet. An electronic copy can be found in
//DiskstationGraduateStudents Submax →Collected Data Anthros. (Appendix 8).
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Personnel




John Clarke
Graduate Students
Christine Dibblee

Training Programme:
Prior to gathering anthropometric data on SUBMAX study participants, each Graduate Student must
demonstrate under the supervision of John Clarke or the Principal Investigator a tolerable intra‐measure
(multiple measures on same site by same Graduate Student) and intermeasurer (comparison between
Graduate Students).
The intra‐ and inter‐measure range of errors for each measure is provided in brackets in the following
list of measures to be obtained.

List of Measured Variables (intra‐ and inter‐measure error)
Weight and Height
Weight (0.2 kg; 0.2kg)
Standing Height (0.2 cm; 0.2 cm)
Circumferences

Hip (2 cm; 2 cm)
Waist (iliac crest, mid-point) (1.0 cm; 1.0 cm)
Bicep (1.0 cm; 1.0 cm)
Midthigh (1.0 cm; 1.0 cm)
Calf (1.0 cm; 1.0 cm)

Measurement Devices




Anthropometric tape (Gullick II) ‐ contains a tension indicator device
Detecto Weight Scale
Stadiometer

Measurement Procedures:
WEIGHT AND HEIGHT
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Weight (kg): measured on the Detecto scale with shoes removed, wearing the athletic clothing or
‘Greys’ clothing provided

Standing Height (cm): measured with shoes removed, standing with heels close to the
wall, feet together, eyes looking straight ahead, back, and buttocks touching the
back rest of the stadiometer. The head may or may not touch the back rest,
depending on the size of the participant. I.E. Some participants may have to lean
back in order to have the head touch; this would result in an inaccurate height
measurement. Instruct participant to stand tall and take a normal breath in,
record measurement given on dial.
CIRCUMFERENCE MEASUREMENTS

For all circumferences, position the tape directly around the body part so that the inferior
edge of the tape is at the level of the landmarked point. Ensure there is no
clothing under tape (except in Hip Measurement).
a) HIP – should be called “buttocks” measure – at the level of farthest posterior
protrusion of the buttocks. Be sure tape does not sag. Ensure the participant
is standing with their feet together.
b) GENERAL WAIST PROCEDURE
NOTE: It is mandatory that all assessors first view the WC measurement video prior
to collecting any WC data.
1. Clear the client’s abdomen of all clothing and accessories. If you find resistance to the
suggestion to fully remove shirt, roll up the shirt to allow free access to measurement sites
and hold in place with a clip (i.e. hair clip).

2. Position the client with feet shoulder width apart and arms crossed over the chest in a
relaxed manner.

3. Take a position to the right side of the client’s body on one knee.
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4. Position the tape directly around the abdomen so that the inferior edge of the tape is at the
level of the landmarked point. Use a cross‐handed technique to bring the zero line of the
tape in line with the measuring aspect of the tape. Ensure that the measuring tape is
positioned in a horizontal plane around the abdomen. Apply tension to the tape to ensure it
is snug, without causing indentation to the skin. Walk around the participant to ensure the
tape is straight all around the abdomen. Alternatively, if a mirror is available – use this to
ensure proper tape alignment.

5. At the end of a normal expiration, take the measurement.

WAIST – ILIAC CREST - top of the iliac crest. To find this landmark, palpate the
upper right hipbone and draw a line where you locate the uppermost lateral
border of the iliac crest.
WAIST – MIDPOINT BETWEEN ILIAC CREST AND LAST RIB – midpoint
between the bottom of the rib cage and the top of the iliac crest (use the
landmarks from the previous two waist circumference measures to locate this).
c) BICEP - Horizontally around upper arm; Right side, use previously made skinfold
mark from tricep measurement; Left side, create mark halfway between
olecranon and acromion.
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d) MID-THIGH – Horizontally at level of previously made skinfold mark.
e) CALF – Horizontally at the widest part of the calf

1.6.3 Management of Anthropometric Data
1. After completing the anthropometric measurements including weight, height and circumference
measures they will all be entered into the ‘”Anthros database’ located in the Submax folder.
a. To access this folder click on the Start Menu → My Network Places→ En re Network
(located on the left hand side) →Microso Windows Network →Obesity →
\\Diskstation\GradStudent\Submax → Anthros →Anthros Data .
b. To enter a new Anthropometric measurement record, open the Anthropometry file. Click
the small arrow with the star beside it. This creates a new record sheet. Record the new
anthropometric data.
c. Once the data has been entered and double‐checked for accuracy, the file will save
automatically.
d. Place the Anthropometric Data Collection Form in the ‘Entered‐To Be Checked’ file holder
located in the image analysis room so the accuracy of the data entered can be verified.

2. When verifying the accuracy of an Anthropometric Data entry, open the ‘Anthros’ folder as
described above.
a. Pull an Anthropometric Data Collection Form from the ‘Entered‐To Be Checked’ file holder
and search for the ID number in the Anthropometry database. To do this, simply click Edit
→ Find → J*** (make sure that the search field is “ID”).
b. Verify that all data entered in the database is correct and corresponds with the data on the
Collection Form.
c. After checking the database for accuracy, place a check mark on the top, right corner of the
Collection Form with your initials and date.
d. Before filing the Collection Form, record that you have checked over the data for accuracy.

3. To record that you have checked over the data for accuracy, open the file ’Data Entry Review Table’
from the ’Collected Data folder’ as described above.
a. Having opened the Review Table, scroll down the table to find the appropriate ID number
listed in the far left column.
b. After finding the appropriate ID number place the date of data review in the
Anthropometric Review column under the appropriate visit number. For example, if
verifying the accuracy of the baseline anthropometric data for participant J001 on January 1,
2010, look for J001 in the far left column and under V00 (baseline visit) put the date of data
review (today’s date) under the Anthropometric Review column. Also, record the number
of mistakes found on the spreadsheet in the appropriate column of the Review Table.
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4. Once you have recorded that the anthropometric data has been checked for accuracy file the
Anthropometric Data Collection Form in the filing cabinet (under lock and key) in the appropriate
hanging folder

1.6.4. Cardiorespiratory Fitness Test (VO2peak)
Having an objective measure of aerobic fitness capacity is fundamental to reporting results in an
exercise study. Participants in the SUBMAX study will perform 4 maximal graded exercise tests on a
treadmill: 2 @ week 0 and 2 @ week 4. At week 4, the order of the VO2peak test will be randomized with
the Exercise Tolerance test in order to prevent any bias. The data from this test will also be used to
examine changes in oxygen consumption, heart rate, ventilation and rate of perceived exertion at the
submaximal work rates associated each step of thegraded test. We will use the average of the last 20
seconds to assess these changes.
Personnel



John Clarke
Graduate Students

Training Program:
Prior to performing a VO2peak test on SUBMAX participants, under the supervision of a John Clarke, all
Graduate Students will be required to:
1. Undergo the test themselves
2. Show competence in performing all steps of the test (set‐up, participant preparation,
calibration, data entry and transfer, etc.)

List of Measured Variables
Maximal oxygen consumption (L/min)
Maximal oxygen consumption per kg body weight (L/kg/min)
Respiratory Exchange Ratio [94]
Minute Ventilation (VE)
Rate of Perceived Exertion (RPE)
Time to Exhaustion (TTE)

Measurement Devices
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Sensor Medics Vmax29 Metabolic Cart
Laptop computer
Treadmill
Calibration gas tanks (with sufficient gas)
Polar HR monitor
USB stick

Measurement Procedures
Cardiorespiratory fitness tests will be performed at Hotel Dieu Hospital. The VMax system must be
turned on 30 minutes in advance of attempting system calibration. Calibration will take 30 minutes on
average. Thus, the first scheduled test for that day should be at least 1 hour after John Clarke or the
Graduate Student arrives. We will schedule 60 minutes per participant. The participants will change into
an athletic shirt and shorts, and wear a pair of comfortable shoes suitable for brisk walking or jogging
(they should be reminded to bring all items on the day of the test). We give them a Polar heart rate
monitor to wear so we can record heart rates every 20 seconds throughout the test. Ideally the test
should last between 15‐18 minutes, beginning with a speed of 3.6 at level grade, increasing grade to 2%
at the 3rd minute, and then further increasing the grade by 2% every 3 minutes thereafter. If after 3
minutes at the maximal incline of 14% the subject has not reached exhaustion, the speed must increase
(generally by 0.4 mph). Heart rates are observed and recorded on the VO2peak Data Collection Sheet
(Appendix 9) by John Clarke or a Graduate Student, who will hold a receiver watch while standing close
to the participant. Breath‐by‐breath analysis of respiratory gases is also recorded throughout the test.
The follow–up testing at 4 weeks will be carried out using the same initial speed as the baseline test.

Criteria for a successful VO2max test
There are a number of popular criteria in the literature which are to be used to assess whether the
participant being tested has actually achieved VO2max.


Plateau in VO2 (oxygen uptake) with increasing work rate (increasing treadmill incline, speed or
both). For our purposes we will define plateau in VO2 as ∆VO2 <0.05 L/min at VO2peak and the
data point at or greater than 40 seconds above or below, with increases in external work
o Note: This criteria is often criticized as it has been shown that approximately 50% of
individuals undergoing VO2max testing never reach a true plateau.
 RQ > 1.10: This suggests non‐metabolic production of CO2 and reliance on anaerobic
metabolism.
 Heart rate (beats per minute or bpm) exceeding age predicted max HR (220‐age) minus 12 bpm.
For example, for a 20 year old, the HR to be exceeded = 188 bpm (220‐20 ‐12)
 Borg scale=10. This gives the perception of effort by the participant during the test.
A successful test should meet at least 3 of the above criteria.
Familiarization
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Measuring changes in aerobic capacity requires a comparison of maximal performance on a graded
exercise test. For people who have never been on a treadmill and are unaccustomed to pushing
themselves physically, obtaining meaningful results can prove difficult. The warm‐up for these
individuals should be long enough for them to feel comfortable. The more they comprehend the test
and what is required of them, the better the participants will respond when encouraged to exercise “to
fatigue” during the test.
The following is the step‐by‐step process of operating the Vmax metabolic cart and other computers used
in our laboratory for data collection and analysis of this test:

Startup




Turn the power on to the Vmax console and laptop.
Allow 30 minutes of warming time before calibration and testing.
Locate the Vmax program icon on the desktop and double‐click it.

Treadmill Calibration
Treadmill will be calibrated prior to the commencement of the study and on each day that testing is
carried out for the duration of the study. A single dedicated treadmill will be used for all VO2peak tests,
which is located in our secondary research space at Hotel Dieu hospital.
Speed Calibration
A Checkline Tachometer will be used to calibrate the speed of the treadmill belt. The digital unit will be
placed on the treadmill using the 6 inch wheel at the moving tread of the treadmill at speeds of 2, 3, 3.5,
3.6, 3.7, 4,5 and 6mph. Speeds will be measured in feet per second and converted to miles per hour
using the standard conversion in an excel spreadsheet. If the any adjustments are required, they will be
made by qualified technicians.
Grade Calibration
A SMART tool along with a 4 foot beam level will be used to assess grade of the treadmill deck. The 4 ft
beam level will be placed on the treadmill deck and the SMART tool will be placed on top of the beam
level. This will prevent any distortions of the deck itself from confounding the measurements. The deck
of the treadmill will be raised through the full spectrum of grades that the treadmill is capable of
acheiving(0% ‐ 15%) The SMART tool will provide a digital measurement of the actual grade to within
0.01%. If the treadmill deck is not correct at each of the testing grades, qualified technicians will make
the required adjustments to the unit. If this is not possible to adjust exactly, a correction factor will be
created to account for the discrepancies. This factor will be used in any calculations that require the use
of grade values.
.
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Participant Demographic Information
Be aware that any new calibration data or test data will be added to the current participant file. You
don’t want that unless your participant is doing back‐to‐back exercise tests – not likely. So, you have two
choices:
1. Make a New Participant File
a. Select “2 New Study” on the Vmax Main Menu
b. Enter the participant’s information
i. Study ID (ex. S001, S056, etc.) This ID is also entered in the « last name »
ii. Date – computer will automatically generate today’s date
iii. DOB – enter/select birth date; Age is calculated automatically
iv. Gender – drop‐down list
v. Race – choose from list
vi. Height – either inches or centimetres
vii. Weight – enter today’s weight (kg or lbs)
viii. Physician – select None
ix. Tech – select your name
c. Select “F3” to store the information and return to the Main Menu
2. Retrieve a Previous Participant
a. Select “2 New Study” on the Vmax Main Menu
b. Press “F1” to search for previous participant’s demographic data
c. The “Last Name” Data Window will automatically be selected when the Participant File
Search Box is initially displayed
d. Type the participant’s last name (not case sensitive)
e. Select “F1” to begin the search
f. Select the desired participant name with the mouse
g. Select “F2” to run a new VO2 test on the participant
h. Change any information (likely weight will change in these studies, perhaps age)
i. Select “F3” to store the information and return to the Main Menu

Flow Volume Calibration











Select “1 Flow Sensor Calibration” on the Main Vmax Menu.
The Mass Flow Sensor Zero Box will be displayed.
Attach the calibration syringe to the Mass Flow Sensor with all 3 connecting cables attached.
Press “F1” to start calibration.
Stroke the syringe 2 times to purge the Mass Flow Sensor with room air.
Select “Space Continue”
Excessive movement of the Mass Flow Sensor or the Sensor Cable during calibration can affect
your accuracy and success at calibration: Ensure that airflow is minimal around Vmax.
A ten‐second timer will count down to zero before continuing to the Zero routine.
The Mass Flow Sensor will be automatically calibrated to zero gas flow.
When the Zero routine is complete, the Flow Volume Calib Screen will be re‐displayed.

Calibration Strokes
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With the syringe piston initially in, move the piston in and out for 15 full strokes.
 The display will not show the first full stroke
 A screen with flow ranges will show whether you have averaged a certain stroke speed
 Be sure to turn all ranges from yellow to green with the allotted strokes
 Strokes should be done smoothly and consistently: don’t bang the syringe!
 Hint: for slow strokes, twist the syringe head slightly as you go – keeps it from sticking
 Keep each stroke within 3‐6 LPS (0.5‐1.0 second stroke duration)
Verification Strokes
Perform 5 more strokes.
 At least one of the last 4 should have an average flow rate of < 0.5 LPS
 At least one of the last 4 should have an average flow rate of > 3.0 LPS
 The red dotted lines should help you achieve these requirements.
If you failed the Verification Criteria (±3% of known piston volume) then start again: Press “F1”

Note: Sometimes this can take multiple tries, which is why you should allow at least 30 minutes for
calibration.
Note: if just attaching a new flow sensor and calibration was unsuccessful, you can use the 10 second
‘Clean’ option (tab at top of screen) to warm up the sensor and improve chances of successful
calibration. Ensure not to ‘Clean’ a given flow sensor more than once – this may overheat and
irreversibly damage the sensor!




Press “F3” to accept calibration values.
Remove the syringe.
This calibration is good for 2 subsequent VO2 tests.However, it should be checked between the
1st and 2nd test to ensure it is still accurate. After the second one, change the flow sensor and
redo calibration from beginning.

Gas Analyzer Calibration







Connect sample line (braided) to the Calibration Fitting on the front of the Pneumatics Module.
Select “4 Exercise/Metabolic Test” from the Main Menu
Select “Exercise Protocol”, then Press “F1”
Use the tool to turn the Span 1 and Span 2 valves on completely (2 full turns counterclockwise)
Select “F1” to initiate the O2 and CO2 analyzer calibration sequence
Both analyzers will initially sample 3 gas concentrations and calculate correction factors (step 1):
16% O2, 5% CO2 (Cal 1 gas)
26% O2, 0% CO2 (Cal 2 gas)
20.94% O2, 0.05% CO2 (room air)
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The correction factors are then verified by sampling the same three gas concentrations (step 2)
The Verification sequence (step 2) is displayed graphically in the O2% vs. Time Window and the
CO2% vs. Time Window.
The values are updated at the end of the verification sequence.
If you get a warning, follow directions. Do not test someone until this calibration is successful.
Reconnect the sample line to the sample fitting on the Mass Flow Sensor.
Press “F3” to accept calibration values and begin test.
Test screen will pause until you have the participant hooked up and start the VO2max test.

Equipment Check
You’ll need a clean facemask connected to the Mass Flow Sensor which you attach to the head strap and
then place on the participant. Inform the participant that they can maintain breathing freely through the
mask, to reduce any potential anxiety. Have a heart rate monitor ready to give to the participant.
Secure the flow sensor lines to the treadmill display panel with a piece of tape.

Participant Preparation











Thoroughly explain the entire procedure to the participant, including:
a. stop mechanisms for treadmill (all stop buttons as well as grabbing onto handles with both
hands)
b. participant should not try to talk – use hand signals instead (thumbs up/thumbs down)
c. participant should terminate test if feels pain in chest or dizziness
d. Explain Perceived Exertion Chart
Fit the heart rate monitor snugly around the participant’s ribcage (about at braline)
Ensure that the receiver (watch) reads a normal heart rate (50‐90 bpm)
Have the participant familiarize him/herself with the treadmill and warm up for at least 5
minutes
Treadmill should be at 0% grade and a speed of 3.6mph. Use your judgement to assess an
individual’s gait.
o IF the participant cannot walk at the standard speed (3.6 mph), you may use your
judgment and reduce the speed if necessary.
Stretch the major leg muscles with the participant in preparation for the test
Fit the headgear snugly and adjust the wires so that the mouthpiece is supported
Tape the tubes (with some slack toward the participant) to the display panel on the treadmill

Maximal Graded Exercise Test






Simultaneously select “F8” and the Start button on the treadmill.
Immediately adjust the treadmill to the desired speed.
Manually record HR every 20 seconds throughout the test
Provide encouragement to the participant, reassurance, and step‐by‐step explanations
The ramp protocol is included as an appendix (Appendix 9)
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Instruct the participant to grab hold of railings with both hands as a signal to stop
the test or step off the moving tread onto the sides.




Be watching for signs of fatigue and be ready to offer a steadying hand at the participant’s back
Do the following upon completion of the test:
o Select “Exit/Pause” on the Top Menu
o Select “Y to End Test”

o Data collection will terminate, and the Exercise/Indirect Calorimetry End of
Test Comments Box will be displayed.
o Hit F3 three consecutive times.
Disconnect participant from breathing circuit and keep them walking on the treadmill for 5 minutes to
cool down. DO NOT allow the participant to sit down directly after the test.
Cleaning Equipment






Detach headpiece from breathing circuit.
Fill measuring cup with Percept solution
Detach the Mass Flow Sensor and gently place it into the solution
BEWARE that leaving the Mass Flow Sensor in a cleaning solution for too long may damage it!
Not leaving it in long enough may be damaging in the long run too. Let it soak for no more than
2 minutes, then VERY GENTLY rinse. Rinse and air dry.
Wash, rinse, and dry the heart rate monitor, head piece, mask, and adapter. Head piece and
Heart Rate strap may be hung to dry further, while all other pieces should be laid out on the
towel for the next test.

Formatting File and Saving for Data Entry (immediately after testing)






From Main Menu, select “4 Exercise/Metabolic Test”
Select “1 Tabular Edit”
You’ll need to generate a one‐page summary; change the Average section from None to 20 Sec.
Select “F5” to print the file (you really don’t print with this selection)
A Print To File Window appears, with an empty space for the file extension



Change the file destination to: C:\SUBMAX\participantIDvisitTest.txt – “visit”
refers to the week of the test, e.g. V00 or V04. Example, for J001’s first baseline
test you would save it as C:/SUBMAX/J001V00a.txt.








Press OK.
This file has now been saved in the SUBMAX folder on the C:\ drive.
Insert the VO2max USB to the laptop.
Copy and paste the appropriate .txt file from the laptop’s C drive onto the USB
Eject USB stick
Exit the Vmax program and shut the computer down

Finding File, Formatting and Saving for Data Entry (when other tests have since occurred)
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From Main Menu, select “A Find a Participant”
Type the participant ID into the last name field
Select “F1”
Tests completed on that participant will appear. Click on the appropriate test.
Select “F3” to retrieve participant data. The Main Menu will appear.
Follow the directions above in Formatting File and Saving for Data Entry

1.6.5 Management of VO2 Data
1. In the V02 room:

a. After completing the V02 test and the participant has safely cooled down, follow
instructions as stated under – Formatting File and Saving for Data Entry..
b. The USB stick is then inserted into the main computer.
c. On the excel toolbar click “Data”. Scroll down to “Import external data” and click “Import data”
(sometimes labelled as “import text file” on older versions of excel) Retrieve participant file.
d. Change option from “Fixed width” to “Delimited”; press Next.
e. Choose “Tab” and “Space” delimited; press Finish. Open txt file in new worksheet.

f. Drag and right click the entire data set from 00:00:20 to the last interval of testing
(Check to see that the last few intervals are really valid data points)
g. Copy the highlighted area
h. Click on cell “A8” and Paste.
i. Enter HR values you recorded from the VO2max data sheet. Double‐check for errors.

j.

Click on each of the yellow boxes and change all “_99” values to the number of
the last row of data for this test. Example “_69”

k. Formulas will generate valid numbers to be used for updating the lab’s stand‐alone computer.
l. Enter all other fields apporiately

m. Once data is entered and the V02 template is filled out and checked for accuracy,
“save as” IDvisitTest (ex. J030V04a) under ‘Submax on hdhhome’ folder → V02
DATA folder→ V02’s NEED TO BE CHECKED folder.
n. The graduate student that entered & saved the data signs the bottom of the heart
rate tracking sheet, writes ‘Data Entered’.
o. Then John Clarke or the graduate student places the signed sheet into the
‘Entered – To Be Checked’ file folder located on the desk so that another
graduate student can verify the accuracy of the data entered.
3. Checking Data

a. To double check another graduate student’s data entry, take the V02 heart rate
tracking sheet out of the ‘Entered – To Be Checked’ folder.
b. Open the V02’s NEED TO BE CHECKED folder and pull up the corresponding file
(ie. J001V00a)
c. Double check all heart rates and formulas.
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d. If there are any errors, change and document.
e. Once check is complete, place a check mark on the top, right corner of the V02
heart rate tracking sheet with your initials and date.
f. To confirm that the data entry has been double checked, open the Review Table:
‘Submax$ on hdhhome’ folder → ‘RA’ folder→ SUBMAX Review Table. Under
the desired ID number and V02 visit, enter the date that the sheet was checked
and if any mistakes were made.
g. Leave the sheet in the ‘Entered – To be checked’ folder (just in case it needs to
be reviewed before it is emailed to the lab.
4. Data to Queens
a. After the V02 data has been entered by John Clarke or a graduate student and saved in the V02’s
NEED TO BE CHECKED folder, the ENTERER then emails the completed V02 files over to John
Clarke at Queens.
b. The individual who checks the data, then transfers the emailed V02 files from the ‘V02’s NEED TO
BE CHECKED’ folder to the ‘V02 CHECKED’ folder.
c. Lastly, the Graduate Student files the V02 sheet in the locked cabinet at the HDH in the VO2
folder or in the corresponding participant folder if the participant has been randomized.

1.6.6 Exercise Tolerance Test
Having an objective measure of aerobic exercise tolerance is another fundamental component of our
study design. Participants in the SUBMAX study will perform an exercise tolerance test on a treadmill: at
weeks 0 and 4 through the completion of a time trial. This test will measure the maximum amount of
distance an individual can travel and the highest work rate that can be sustained in a 12 minute period
of time. This exercise tolerance test is performed on a treadmill, with recordings of speed, grade, heart
rate along with total distance travelled recorded (see appendix 10).
Personnel



John Clarke
Graduate Students

Training Program:
Prior to performing an exercise tolerance test on SUBMAX participants, under the supervision of a John
Clarke, all Graduate Students will be required to:
3. Undergo the test themselves
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4. Show competence in performing all steps of the test (set‐up, participant preparation, data entry
and transfer, etc.)

List of Measured Variables
Maximum distance travelled
Speed
Grade
Heart rate
Average METs
Peak METs
Total MET/min
Measurement Devices





computer
Treadmill
Polar HR monitor
USB stick

Measurement Procedures

Exercise tolerance tests will be performed at Hotel Dieu Hospital or in the Lifestyle and
Cardiometabolic Research Unit at Queen’s university. Thus, the first scheduled test for
that day should be no earlier than 8 am. We will schedule 60 minutes per participant.
The participants will change into an athletic shirt and shorts, and wear a pair of
comfortable shoes suitable for brisk walking or jogging (they should be reminded to
bring all items on the day of the test). Heart rate will be monitored continuously during
each test using an automated heart rate monitor and recorded every 20 seconds
throughout the duration of the test. Participants will walk/jog at a self selected speed
and 0.0% grade for the full duration of the test. The speed can be adjusted by the
participant on any 20 second interval ( i.e 0:20, 0:40 or 1:00) to achieve the maximum
work and greatest distance possible over the 12 minute period. The speed and heart
rate will be recorded on the recording sheet. Steps have been taken to eliminate the
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time during the initial acceleration of the treadmill from effecting the total amount of
distance travelled and work done. The first 20 second interval is not included in the final
values and the test comes to an end after 12 minutes and 20 seconds. The distance
travelled at time 0:20 is subtracted from the final distance travelled on the treadmill
display at time 12:20. Participants will continue until the full 12minutes is completed.

Participant Preparation







Thoroughly explain the entire procedure to the participant, including:
e. stop mechanisms for treadmill (all stop buttons as well as grabbing onto handles with both
hands)
f. participant should not try to talk – use hand signals instead (thumbs up/thumbs down)
g. participant should terminate test if feels pain in chest or dizziness
h. Explain Perceived Exertion Chart
Fit the heart rate monitor snugly around the participant’s ribcage (about at braline)
Ensure that the receiver (watch) reads a normal heart rate (50‐90 bpm)
Have the participant familiarize him/herself with the treadmill during the warm up
Treadmill should be at 0.0% grade

Exercise Tolerance Test






Press the Start button on the treadmill.
Immediately adjust the treadmill to the desired speed. This may be done by the assessor or the
participant
Manually record HR every 20 seconds throughout the test
Provide encouragement to the participant, reassurance, and step‐by‐step explanations
The protocol is included as an appendix (Appendix 10)



Instruct the participant to grab hold of railings with both hands at the end of the
test or to step off the moving tread into the sides of the treadmill.




Be watching for signs of fatigue and be ready to offer a steadying hand at the participant’s back
Do the following upon completion of the test:
o Keep them walking on the treadmill for up to a 5 minutes to cool down. DO NOT allow
the participant to sit down directly after the test.

Cleaning Equipment

Wash, rinse, and dry the heart rate monitor. The Heart Rate strap may be hung to dry
further. Wipe down the treadmill using the percept spray bottle and a clean towel.
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1.6.7 Management of Exercise Tolerance Test Data
1. In the V02 room:

a. After completing the Exercise Tolerance test and the participant has safely
cooled down, follow instructions as stated below
b. Using the main computer, open the Exercise tolerance test data excel template
under Submax on hdhhome’ folder → Exercise Tolerance folder
c. Enter HR, speed and grade values you recorded from the Exercise Tolerance data sheet. Double‐
check for errors.

d. Click on each of the yellow boxes and change all “_99” values to the number of
the last row of data for this test. Example “_69”
e. Formulas will generate valid numbers.
f. Enter all other fields apporiately
g. Once data is entered and the V02 template is filled out and checked for accuracy,
“save as” IDvisitTest (ex. J030V04a) under ‘Submax on hdhhome’ folder →
Exercise Tolerance folder→ Exercise Tolerance’s NEED TO BE CHECKED
folder.
h. This file has now been saved in the SUBMAX folder
i. The graduate student that entered & saved the data signs the bottom of the heart
rate tracking sheet, writes ‘Data Entered’.
j. Then John Clarke or the graduate student places the signed sheet into the
‘Entered – To Be Checked’ file folder located on the desk so that another
graduate student can verify the accuracy of the data entered.
3. Checking Data

a. To double check another graduate student’s data entry, take the V02 heart rate
tracking sheet out of the ‘Entered – To Be Checked’ folder.
b. Open the Exercise Tolerance’s NEED TO BE CHECKED folder and pull up the
corresponding file (ie. J001V00a)
c. Double check all heart rates, speeds, grades and formulas.
d. If there are any errors, change and document.
e. Once check is complete, place a check mark on the top, right corner of the
Exercise Tolearance heart rate tracking sheet with your initials and date.
f. To confirm that the data entry has been double checked, open the Review Table:
‘Submax$ on hdhhome’ folder → ‘RA’ folder→ SUBMAX Review Table. Under
the desired ID number and V02 visit, enter the date that the sheet was checked
and if any mistakes were made.
g. Leave the sheet in the ‘Entered – To be checked’ folder (So it can be reviewed.)
Data to Queens
a. After the V02 data has been entered by John Clarke or a graduate student and saved in the V02’s
NEED TO BE CHECKED folder, the Enterer then emails the completed V02 files over to John
Clarke at Queens.
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b. The individual who checks the data, then transfers the emailed V02 files from the ‘Exercise
Tolerance’s NEED TO BE CHECKED’ folder to the ‘Exercise tolerance CHECKED’ folder.
c. Lastly, the Graduate Student files the Exercise Tolerance sheet in the locked cabinet at the HDH
in the VO2 folder or in the corresponding participant folder if the participant has been
randomized.

1.6.8 Accelerometry – Actigraph
The Actigraph GT3X is a triaxial accelerometer designed to collect motion data (counts or acceleration,
steps and body position) in three axes. The GT3X is most commonly worn at the waist and provides time
sensitive information pertaining to physical activity intensity, frequency, and duration. Equations, such
as the Freedson equation (MSSE 30(5): 777‐781) are available to convert the raw count data into
physiologically meaningful data such as energy expenditure or physical activity intensity levels (light,
moderate, vigorous).

Each participant will wear the accelerometer for a one‐week period at weeks 0 and during week 4.
Accelerometers will be given out by the graduate students or John Clarke at the anthropometry
appointment at baseline and at the beginning of the final week of exercise by the exercise monitors. In
order to minimize measurement error, participants will be given the same accelerometer unit for each
measure whenever possible.
List of Measured Variables





Minutes per day of sedentary behaviour (<100 cpm), light physical activity (100‐1951 cpm)
moderate physical activity (1952‐5724 cpm), vigorous physical activity (≥5725 cpm), and total or
incidental physical activity (>100 cpm).
Counts per minute over the entire wear day, of sedentary behaviour, light physical activity,
moderate physical activity, vigorous physical activity, and total or incidental physical activity.
Minutes per day of bouted (≥10 consecutive minutes) and unbouted (<10 consecutive minutes)
activity

Measurement Device
GT3X Actigraph Activity Monitor (Pensacola, FL)
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Measurement Procedures
Preparing the Accelerometer for Data Collection
1. The accelerometer has a rechargeable battery that should be fully charged before being given to
a participant. The accelerometer can be recharged via a standard 2.0 USB connection plugged
into a computer or a 7‐terminal charging hub which is plugged into a regular electrical outlet. A
fully depleted battery takes approximately 3 hours to fully recharge. Note: When the battery is
plugged in and recharging a red light will flash. When this red light stops flashing and stays on,
the battery is fully charged.
2. When the accelerometer is charged it can be initialized. Double‐click the Actilife software icon
on the desktop.
3. When the Actilife program is open on the computer, use a USB
connection to connect the accelerometer to the computer (as
shown in the picture below – the arrow on the USB cable should be
facing up). A new driver has to be installed for each port that the
USB + accelerometer is plugged into.
4. Once the accelerometer is plugged in the screen will change to look like the one below. Check
the battery of the accelerometer to make sure it is fully charged.
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5. Click on the ‘Initialize’ button to initialize the accelerometer. The following screen will pop up.
Ensure all settings in the snapshot below are also checked on your screen. Fill in the appropriate
start and stop times. The accelerometer should start at midnight on the first day and stop at
11:59 pm on the last day. If the participant picks up the accelerometer in the morning then Day
1 will start on the day of pick‐up. However, if the participant picks up the accelerometer in the
afternoon Day 1 will start the next day (because half of the day will already be over). Note: after
the accelerometer has been initialized the red light will flash until it hits the programmed start
time. The red light will start flashing again once it reaches the stop time until the data is
downloaded.

6. Enter Subject Info into the appropriate field. Change the subject name field to reflect the
participant’s ID and visit number followed by the day number the accelerometer has been
initialized for. In the example Above J001 is the participants ID, V00 is the visit number
(baseline) and _1 refers to the accelerometer being initialized for Monday. _1 reflects an
accelerometer starting on Monday, _2 is Tuesday, _3 is Wednesday and so on. Once this field is
filled in, click “Initialize 1 Device”.
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7. Once the accelerometer has been successfully initialized the box below will pop up. Double‐
check that the start date and time are correct. Ensure that the “Status” field says “finished
initializing”. Disconnect the accelerometer from the USB cable.

8. Attach the accelerometer to an appropriately sized elastic band.
9. Record the serial number of the accelerometer on the SUBMAX accelerometer wear spreadsheet
so we can track who was wearing which accelerometer (on repeat measurements the
participant should receive the same accelerometer every time to reduce variation). This excel
document is located in the “Accelerometry Data” folder on the \\DiskStation\GradStudent/
directory.
10. Below is the Flashing Light Reference for the accelerometer

Preparing the Participant
1. There are no guidelines the participant needs to follow prior to getting the accelerometer.
2. The accelerometer will be attached to an elastic band to be worn around the waist next to the
skin (or over a light, tight‐fitting shirt if it is too itchy) to minimize extra motion and will be
situated directly over the right hip.
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3. The participant will be asked to wear the accelerometer for a 7 day period and to remove it only
for water activities (eg, swimming, showering, or bathing) and sleep.
4. The participant will also be given a log (Appendix 11) where they will record when and why the
accelerometer was removed and provide comments.
5. The participant will be asked to note any abnormal activities or days they may have had while
wearing the accelerometer. This will help in the interpretation after it is returned.

Important Points to Mention During the Initial Meeting with the Participant
1. We are putting an activity monitor on which will give us an indication of how much physical
activity you do. It records how often you move around and how quickly you move around.
2. The activity monitor does not interfere with any medical devices and is not harmful.
3. The activity monitor should be worn on the elastic band around your waist, preferably right next
to the skin but it can go over a tight‐fitting shirt if it is itchy, or can be looped through belt holes
on pants and should be situated directly above the right hip. Please ensure that the elastic is not
loose and the activity monitor is not flopping around because it will not collect good data.
4. The activity monitor should be worn at all times for the next 7 days during waking hours except
it should be removed for all water‐based activities such as swimming, showering, or bathing
because it is not waterproof. It is most important that you are wearing it during your waking
hours. So, because you are not wearing it to sleep, please put it on as soon as you wake up in
the morning and remove it immediately prior to climbing into bed at night.
5. If the monitor is removed, please record on this log sheet what time(s) and why the activity
monitor was removed. Also, please record the times you wake up in the morning and fall asleep
at night. Finally, if you experience any problems or have any comments or suggestions please
write that in on the bottom of the sheet. Alternatively, if you have any immediate concerns
while wearing the device please contact John Clarke at clarke.john03@gmail.com or at (613)
533‐6000 Ext 75118.
6. Although the activity monitor is very durable, please be careful and gentle with it as it is very
expensive.
7. Please remember to wear the activity monitor back and bring the log sheet to that appointment.
If you do not have an appointment than we can arrange a time when I can meet you at the front
doors of the SKHS building to pick it up from you. You will receive a call the day before it is to
come back to remind you and make arrangements if necessary.

1.6.8 Management of Accelerometry Data
Acquiring Data
1. Retrieve accelerometer and log from the participant.
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2. Open the Actilife program, connect the accelerometer to the computer via USB connection and
click the ‘download’ button on the left side of the screen. The box below should pop up on the
screen.

3. Once the data has been successfully downloaded, the box below will pop up. Select ‘Subject
Name’ from the “Download Naming Convention. Ensure that all the boxes and settings are the
same as the image below. Then click “Download All Devices”. Note: The data will be stored in
the accelerometer until it has been initialized again and at this point it is deleted. So, be sure
data has been downloaded before initializing any device.

92

4. The file (it will be a .AGD file) generated will be saved to the directory choosen
(\\DiskStation\GradStudent/Submax\Accelerometry). The pop up below should appear and
indicate that the download is finished.

5. Now you must create the .dat and .CSV files using the .AGD file within the Actilife program. Go
to file, and click the “Import/Export/Convert” option. Select .AGD  .DAT ( as seen in the box
below). Select the .AGD file that you just created and and open it.
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6. You should be the pop up below appear. Click on the “Open containing folder” button. The .DAT
file should have the same name as the .AGD file. Ensure that the naming convention
IDVvisit_day of the week is correct. For day of the week, Monday = 1, Tuesday = 2, Wednesday =
3 and so on. For example, if J001 received the accelerometer on Wednesday at visit 00 the file
would be saved as J001V00_3.
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7. Move this file to the correct subfolder according to visit within the Submax\Accelerometry ( i.e
V00 or V04).
8. Export the .AGD file to both a .dat file and a .CSV file. Make sure to save the files in the
appropriate folders, which are arranged by visit. Within each visit folder, there are subfolders
arranged by file type.
This file conversion can only be done on the complete version Actilife which is located on one
computer in the Ross Lab.

Initial Data Quality Assessment
1. This will be done by creating graphs of the daily activity within Actilife 6. After you have saved
the data, select the graphing tab within the Actilife software as seen in the image below.

2.

Now, you must select the file that you would like to graph. Go and click on the “Select Dataset”
button (Seen Below). Find the file that file in the Accelerometer folder, under the appropriate
visit folder.

3. The ActiLife 6 program will graph the PA data of all 3 axes for each day of wear. In the example
shown below, you can see that the graphs will display all collected data on the same set of axis.
You can go and unselect the data you do not want to see on the right (see arrow).
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4. Once you have unselected axis 2 and axis 3, the graph will become much clearer and allow you
to assess the quality of the data (See below).

5. The program will often recognize if the accelerometer has malfunctioned and a pop‐up will
appear when the accelerometer is plugged in that provides details about the problem. If
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extended periods of zeros are detected, cross‐reference with the log sheets to determine if the
accelerometer was removed. There should be some periods of zeros if the participant
showered. Also ensure that sleep and wake times look logical.
6. Next, determine the number of days the accelerometer was worn and record using the excel
spreadsheet. Be certain that the participant’s accelerometer was worn for a minimum of days,
including 1 weekend day. There must be a minimum of 10 hours of wear time each of those
days to ensure the data can be used.
7. Once the file has been assessed, bin it into the appropriate folder according to whether or not it
was worn for the minimum number of required days (4 days: 3 weekday and 1 weekend of at
least 10 hours). If a file does not meet these requirements, the data cannot be used and should
be placed in the unusable data folder. The participant should be asked to wear the
accelerometer again.

Note: If a participant is asked to wear the monitor again at baseline, this will delay the start of
the exercise intervention. Asking the participant to wear it again will be difficult if they do not
wear it enough during their last week of exercise. If this happens, we will have to give it to them
during their week of final assessments and make the decision of whether to use the data or not
at the time of analysis.

1.7 Nutritional Assessment & Counseling
In the SUBMAX Study, we prescribe exercise to participants but we do not provide any nutritional
assessment or counseling. It is expected that participants will not alter their diet (quantity and quality)
throughout the study. This is an important characteristic of the proposed study as it will assist in
minimizing weight loss as much as possible and any affects it may have on the primary outcomes. We
will know that a negative energy balance induced is a consequence of the increase in energy
expenditure respective to the individual exercise treatment, but this should induce only minimal weight
loss over the course of 4 weeks.
We will ask that our participants to consume approximately 200 g of carbohydrate on the day preceding
each VO2peak test and Exercise Tolerance test (See Appendix 12 for examples). This will ensure that they
have similar substrate available for energy during each test and will not confound our RER measures and
contribute to changes measured. If a participant has food restrictions that do not make this feasible, we
will ask that they consume the same meal prior to each VO2peak and Exercise Tolerance test.

1.8 Exercise Interventions
All participants will be asked to perform walk/jog type exercise on a motorized treadmill for 30 minutes
per session in accordance with the Canadian physical activity guidelines. Individuals will exercise 5 times
per week at a moderate intensity (65% of VO2) for the duration of the 4 week treatment period. Due to
the pragmatic issues associated with using our target population the treatment period may be extended
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for some participants by up to one week, for a total of 5 weeks. Using the heart rate and oxygen
consumption data obtained from the baseline cardio respiratory fitness test (see section 1.7.2 above),
the heart rate associated with a VO2 of ~ 65% will be determined and prescribed for each participant.
Follow up exercise tests will be performed on all participants at week 4, at the completion of the
treatment. Heart rate will be monitored and recorded every 5 minutes during each exercise session
using a Polar heart rate monitor (see below). We will also determine approximate caloric expenditure
for each session using the HR – VO2 relationship in order to determine expected weight loss and total
work completed (energy expenditure) for each individual.

1.8.1 Scheduling Exercise
The Exercise Monitor(s) will be responsible for scheduling all participants’ exercise sessions and
maintaining the individual participant’s exercise records. The schedule (Appendix 13) will be posted in
the hallway outside the exercise lab available to both Exercise Monitor(s) and participants to sign up for
exercise sessions. Note: One week of exercise is considered 5 exercise sessions. Please refer 10
Appendix 14 for Exercise Record (to be completed for each participant). The Exercise Record includes
the week number, sessions to date, target heart rate, target time, and participant identification number.
Additionally, each participant has an electronic copy in the form of a spreadsheet which contains all of
the above information as well as track heart‐rate, speed and grade at 5 minute intervals, exercise
intensity per sessions, overall average intensity, predicted weight loss by session and Kcal expended and
a weight loss graph of actually weight loss compared to predicted by session as described in Exercise
Procedures below. The Exercise Record contains up to 7 exercise sessions per page with reminders of
necessary appointments at appropriate weeks.

1.8.2 Exercise Procedures
Calculating Exercise Prescription:
i. Determine Quality of VO2 Results
To calculate exercise prescription, the exercise monitors must receive the two baseline VO2 results for a
participant. The results should be reviewed to ensure that the test are a valid indicator of aerobic fitness
for the individual. To determine this, first 3 of the 4 criteria to indicate a “good” test need to be met and
indicated by the graduate student who completed the test. Second, the exercise monitor should look at
the values (absolute VO2, Relative VO2, HR, VE, RQ) and determine that they are reasonable based on
expected values for the target demographic. If one of the tests are not reasonable an explanation
should be determine (physiological or mechanical) and the test should be removal from the final data
set should be considered after a consultation with the principal investigator and the graduate students
The test with the highest absolute VO2 will be used determine the target heart rate for the exercise
prescription.
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ii. Setting up a Participant’s Electronic File

Based on the VO2 results an individualized exercise prescription of duration and target heart rate, are
determined for each participant.

1) For a new participant is to go to “My Network Places”  “\\DiskStation\GradStudent\Submax\” then
open the “Exercise” folder.
2) Inside this folder open the”SUBMAX PA TEMPLATES” file.
3) Next replace the contents of the “A2” cell with the participant ID.
4) Save the participant’s exercise file into the Exercise folder, which will be located in
“\\DiskStation\GradStudent\Submax”. The file should be re‐named “SUBMAX PA “ID”‐” (Ex. SUBMAX PA
J001)

iii. Calculating Exercise Prescription
The prescribed exercise will be of 30 minutes duration for all participants. To determine the target
intensity; from the participants VO2 results, take the heart rate corresponding to the proper intensity
(65%, cell M18) and enter it into the target HR cell (C3).
This will provide the exercise monitor with the correct exercise prescription for each participant.

Now, you must enter the participant’s correct values into the formula for calculating daily caloric
expenditure on the PA sheet. Next, from the VO2 Data, copy the slope and intercept from under the
Kcal/HR heading (M24/M25) and paste this into the formula (See Below) of the Kcal column on the PA
sheet (cell “P6”).
These values need to be entered into the caloric expenditure formula in the Kcal column, which is as
follows:

Caloric Expenditure = [(Slope x Ave HR) – Intercept] x Time
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For each aerobic exercise session, we obtain a starting heart rate and then obtain the exercise heart rate
every 5 minutes thereafter. Participants will be instructed to wear a Polar heart rate monitor each time
they arrive for an exercise session. These monitors consist of a T31 coded transmitter, which is strapped
to their chests, and a wrist unit, which is strapped to their wrists like a watch or attached to the machine
directly in front of the participant. The participants will weigh in (without their shoes) and their weight
will be recorded prior to the start of each session in order to track progress with the exercise as well as
to serve as a rudimentary indication that they have not changed their diet.

After telling the exercise monitor the starting heart rate, participants will step onto one of seven
treadmills and begin their 5 minutes warm up. The five‐minute walking warm up is designed to elevate
heart rate from a non‐exercise rate to the target exercise range. It is not included as part of the
prescribed daily exercise, therefore not counting towards the total minutes or caloric expenditure.
Target exercise heart rate ranges are specific to each participant, calculated from the VO2max test, and
written on the weekly exercise session record. Participants are encouraged to choose a speed and grade
after the 5 minute warm up that will elevate their heart rates into the exercise range. Once within the
range ( +/‐ 3bpm), participants can maintain or adjust walking/jogging speed and treadmill grade as
desired every five minutes after telling the monitor the “steady state” heart rate for that exercise
interval. All exercise heart rates, treadmill speed and grade associated with those heart rates are
recorded by the Exercise Monitor(s) onto the weekly Exercise Record as well as into the electronic file.

There may be some variance in perceived difficulty of the moderate exercise. Some exercisers will need
more encouragement than others to “pick up the pace” to elevate their heart rates sufficiently. Others
need to be reminded to not get too intense as their competitive natures may drive them on to move on
to a greater treadmill speed or grade which would elevate their target heart rate out of the desired
range
A five minute walking cool down at the end of each session is also performed, designed to return the
exercise heart rate back to near‐starting levels. Participants are encouraged, but not required to stretch
upon completion of exercise. Participants wash and rinse the transmitter and chest straps at the sink in
the exercise room and hang them to dry in preparation for the next group of participants.

1.8.3 Making up Missed Sessions:
Participants are encouraged to attend 5 sessions/week as prescribed by the treatment, but due to other
commitments cannot always do so. In order to make up for missed sessions participants are allowed to
complete extra sessions during a week (i.e. 6 visits) in order to catch up on those missed. This is not
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meant to be a regular occurrence as it changes the exercise prescription, but may be needed in cases
where time is missed such as vacation, illness or injury.
In the event of individuals who are going on extended vacations but would like to continue do complete
exercise we are willing to provide them with our Polar Heart Rate monitors. Participants can self‐report
sessions by recording their Heart Rate every 5 minutes for the duration of their exercise. We strongly
discourage individuals from taking these types of vacations during the duration of the study and we do
not provide them with this option unless there are warranted circumstances.

1.8.4 Cases of non‐compliance resulting in deviation from expected
weight loss:
In cases where a participant weight begins to deviate outside of the tolerable range of expected weight
loss we must take the appropriate action to correct it. First, John Clarke must be notified and a
discussion should take place to examine their overall compliance to both the exercise and nutrition
portions of the program (Have they been exercising 5 days/ week? Have they made any changes to their
diet since the commencement of the treatment?) From this discussion a course of action must be taken,
it may involve placing demands on the participant to be more compliant.

1.8.5 Booking Appointments
John Clarke is responsible for booking all baseline appointment; Exercise Monitors are
responsible for notifying John Clarke of all other appointments throughout the study.
Participants may be contacted by phone, email or as they come in for their exercise
sessions. John Clarke will go through the files of all active participants at the beginning
of each week to determine who is going to require appointments. Detailed notes should
be made in each participants exercise file on when appointments are scheduled and if a
person has been contacted about scheduling an appointment. Please see the details for
each time point listed below.
Google Calendars is used to keep track of all appointments for the SUBMAX study. To
use Google Calendars you must have a Gmail account, and be given authorization by
John Clarke or the project coordinator. An entry into the calendar must include the
participant’s ID number, week number, type of appointment, the time of the appointment
and who the appointment is with (the Research Assistant’s initials). Please notify the
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appropriate individuals of any appointments that need to be booked so they can enter
them onto the Google Calendars system.
Please refer to section 1.7 for details on how to schedule each appointment.
Please note that VO2 treadmill tests and take 60 minutes each and and the graduate
students requires 1 hour preparation time before the first VO2 test, therefore the earliest
VO2 appointment is 8:00am. Anthropometric Measures can be done in conjunction with
the VO2 test at Hotel Dieu for convenience but still requires a 30 minute time slot.
Finally, Anthropometric Measures can be scheduled as early as 7:00am and as late as
6:00pm depending on the availability of the graduate students.
i.

Week 4

The VO2 Tests are completed once the participant has completed the intervention
program (4 weeks) and the scheduling process should be started approximately two
weeks in advance (end of week 2). It is to be scheduled for approximately the 20th
exercise session, or the end of the 4th week. If a participant has not completed 20
sessions at the end of the 4th week the test may be completed at the end of the 5th week
to allow the participant to complete 20 sessions.

Based on the last day of exercise, the schedule for appointments should be as follows:
Last Exercise Session; Anthropometric measures and VO2peak Test on the follow day.
This may be not possible depending on the day of the week that the last day of exercise
is to be completed or the schedule of the participant. In this situation, the day of the
VO2peak test is invariable, as it MUST be completed within 48 hours of the last exercise
session. The first exercise tolerance test can be moved back a day if there is no
alternative or if the VO2peak Test is completed on a Friday the submaximal tests can be
completed on the Monday along with the Anthropometric measures. The second
VO2peak Test should be completed within 48 hours of the first Exercise Tolerance test
and the second Exercise Tolerance test should be the following day.
Once these dates have been set and confirmed with the participant they can be
scheduled on the calendar.
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V02 tests can be booked two back to back and then allow one hour in between before booking another
one to allow time for calibration. Anthropometric measures can be booked with the V02peak test if that is
more convenient for the participant but they will still need to have the impedance and height measures
done at the lab next time they are in.

1.9 Data Management
1.9.1. Overview
Data management in the Submax Study will be the primary responsibility of John Clarke who will work
with the Data Manager, Paula Stotz. The data management procedures have been designed to ensure
the integrity of the data and the confidentiality of the participants’ personal information.
A general overview of data flow in the project is described in section 1.11.3. Four databases will be
constructed: 1) Participant Information Database, 2) Measurement Database, 3) Exercise Database, and
4) Analysis Database. All information will flow through the data manager. A sequential Personal
Identification Number (PIN) will be assigned to each participant at the time of recruitment into the study
which will be common to all three databases.

1) Participant Information Database
The Personal Information Database contains personal contact information for each participant. This
information is important for the tracking of participants through the study.

2) Measurement Database
The Measurement Database contains the baseline and follow‐up measures for each participant. This
database does not contain personal identifiers or information regarding group assignment.

3) Exercise Database
The Exercise Database contains all the information about the exercise sessions for the participants that
are in the exercise intervention

4) Analysis Database
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The Analysis Database will be constructed by the data manager by merging the group assignment code
from the Personal Information Database to the Measurement Database by sequential PINs. This
database will not contain any personal identifiers, and will be made available to the investigators for
analytical purposes.

1.9.2. Data Flow
Data collected during appointment

Electronic data is stored on the
secure network and backed up
regularly.

Data entered into database
using PINs

Hard copy is filed away in a
secure location.

Hard copy of data placed in folder
indicating that the entry needs to
be double checked

Electronic data entry is double
check with the hard copy. This
process is documented.

Data is combined into a single
table for final analysis

1.9.2.1. Purpose
The purpose of this document is to outline the procedures for the acquisition, storage and transfer of
data so that participant information is kept secure and confidential throughout the trial.

1.9.2.2. Methods
There are four stages in the collection of data that are crucial in maintaining the security and
confidentiality of participant data. All study data are located in secure locations. Electronic data are
stored behind firewalls and are backed‐up up nightly to hard drives in a separate secure location.
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A. Screening:
Throughout the participant screening process, all data will be maintained by the Project Manager in a
Microsoft Access database residing on a computer in an access‐restricted area. Hard copies of all files
will be kept in locked storage and not stored with other data that is collected.

B. Data Collection:
All participants will see the graduate students and volunteers. Participant’s assessment data will be
located in locked storage when not in use and be kept separate from participant information to maintain
confidentiality. Any study information collected will be identified by participant ID with no reference to
participant name and will be stored in a secure location by the assessors.

C. Data Storage:
Once the data has been collected and entered into the Microsoft Access database, the hard copy will be
stored in a secure location and the database will be transferred to the Data Manager by SSL‐enabled
Web DAV server with basic authentication. Once the Data Manager receives the data, it resides behind a
firewall and is backed up nightly to another computer that resides in a separate secure location. As well,
all hard copies of anthropometric datasheet, fitness datasheets and accelerometry datasheets are kept
in locked storage.
D. Data Verification:
The quality of the data entry of the anthropometric, fitness and physical activity data will be assessed by
a visual verification of 100% of the datasheets. All datasheets that are reviewed are tracked in a
spreadsheet and the database’s data entry forms will contain an audit trail which will indicate any
changes made to the data following the data entry review.
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1.9.3 Overview of Data Management in the Submax Study.

Graduate
Students

John Clarke

Research
Volunteers

Data Manager

Participant Information
Database
‐PIN

Exercise Database

Measurement Database

‐PIN

‐‐PIN

‐Exercise Information

‐Baseline measurements

‐Name and contact information

‐Follow‐up measurements

Analysis Database
‐PIN
‐Group assignment
‐Baseline measurements
‐Follow‐up measurements

Investigators
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Appendices
Appendix 1 – Staff Contact information
Appendix 2 ‐ Advertisment
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78613

Brennan

Andrea

78613
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78613

Last Name

First Name
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(519) 829‐
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(613) 329‐
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Email Address
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74451

Corras

Stephanie

79217

Cowan
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78613
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Fernandez

Angela

78613
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78613

Ricketts

Alex

78613

Ross

Bob

74694

Scott‐Zelt

Tammy

Stotz

Paula

Wilson

Mitch

Vanzanten

Melinda

VO2 Room
(B1‐013)

Home #

Sac9@queensu.ca
(403) 703‐
9577

t.cowan@queensu.ca
ldl@queensu.ca

(613) 449‐
8415
(416) 875‐
6805
(613) 305‐
1522
(613) 539‐
9778

dibbleec@queensu.ca
13alsf@queensu.ca
12slg2@queensu.ca
Alexander.ricketts@queensu.ca
rossr@queensu.ca

(613)634‐
1377

(613) 532‐
3535

tlz@cogeco.ca
pjstotz@gmail.com

(613) 214‐
4924
74451
3102

8mrw2@queensu.ca
vanzant@queensu.ca

(613)544‐
3400
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Appendix 3 – Generic initial response
Hello,
Thank you for inquiring about our exercise study. Here are some details regarding the study.This exercise study is called
SUBMAX. It looks at effects of exercise (cardio on a treadmill) on maximal and sub maximal fitness. The primary aim of the
study is to determine the relationship between changes in maximal cardiorespiratory fitness, submaximal fitness and exercise
tolerance from guideline recommended exercise. There is no cost to you to participate in this study. We will be looking for 30
men to participate in this study.
All participants will be asked to exercise 5 times per week in our exercise laboratory here at Queen's University in the SKHS for a
period of 4 weeks. Our exercise facilities are available from 7:00 am to 7:00pm from Monday to Friday and from 8:00am to
12:00pm on Saturday. There is no need to purchase any special foods or vitamins, we will be asking you to make no changes to
your diet or food consumption habits.
There are a series of tests to that we will perform (at no cost to you) that will be discussed thoroughly once your eligibility has
been determined. If you are interested in knowing more about the study I would ask that you complete the screening
questions below and email them back to me so that I can determine if you are eligible. If I think you might be eligible based on
your answers I would then give you the date of the first recruitment meeting to attend.
Full name:
Age:
Address:
Telephone number (Day and evening please)
Family Physician?
Your height
Your weight:
What was your weight 6 months ago?
Do you smoke?
Are you sedentary (less than one day of physical activity per week)?
Do you have any physical impairment, which would make exercise difficult?
Are you participating in another study?
Have you ever had a heart attack, stroke or bypass surgery?
How did you learn about this study?
Looking forward to hearing from you,
John
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Appendix 4 – Phone screening form
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Appendix 5 – Participant Consent Form

CONSENT TO VOLUNTEER FOR PARTICIPATION IN A STUDY

TITLE: Influence of exercise on maximal and submaximal cardiorespiratory fitness

PRINCIPAL INVESTIGATOR: Robert Ross, Ph.D., FAHA, FACSM
Queen’s University
School of Kinesiology and Health Studies/
Medicine, Department of Endocrinology and Metabolism
Kingston, Ontario, K7L 3N6
(613) 533‐6583

CO‐INVESTIGATOR:
John Clarke, BPHE, BScH
School of Kinesiology and Health Studies
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You are invited to participate in a research study on the influence of aerobic‐type (walk/run) exercise on
cardiorespiratory fitness. The following brief is intended to provide you with the details you should be
aware of prior to your consent as a participant in this study. Please read the following information
carefully and feel free to ask any question that you may have.
BACKGROUND INFORMATION
Your ability to perform aerobic‐type (walking/jogging) exercise is a reflection of your cardiorespiratory
fitness. Cardiorespiratory fitness, measured as maximal oxygen consumption, is a strong predictor of
cardiovascular disease. Higher maximal cardiorespiratory fitness is associated with a lower risk of
cardiovascular disease. Normally, cardiorespiratory fitness increases with regular physical activity.
However, for about 20‐25% of those who increase physical activity, cardiorespiratory fitness does not
increase. It is also known that increases in exercise tolerance and submaximal fitness measures are
associated with regular physical activity. However, the relationship between changes in maximal
cardiorespiratory fitness with changes in either submaximal fitness (your fitness at a submaximal
workload) or exercise tolerance (time trial) is not known. Therefore, you are invited to join our study to
determine the relationship between changes in cardiorespiratory fitness, submaximal fitness and
exercise tolerance. In this study we would like to see if individuals change their submaximal fitness and
exercise tolerance regardless of whether or not they increase maximal cardiorespiratory fitness. The
results of the study may have important implications as changes in submaximal fitness may better
reflect the activities of daily living rather than maximal cardiorespiratory fitness. Consequently, this may
help to develop better tests designed to measure your response to walk/jog type activity.

EXPLANATION OF PROCEDURES
The exercise study will be approximately 6 weeks in duration. The 4‐week exercise period will take place
between one week of baseline testing and one week of follow‐up testing. The intervention will consist
of five (5), 30 minute sessions of moderate intensity exercise (brisk walking) to be carried out each
week. Each session is to be completed within our facility at Queen’s University under supervision by
qualified staff. You will be asked to exercise at about 65 % of your maximum fitness level. Again, it is
likely that this level of activity can be achieved by moderate walking and/or light jogging on a treadmill.
During the 4 week exercise period you will be asked to not make any conscious changes to your regular
food consumption.
Expectations
You will be expected to:
i)
ii)
iii)

Participate fully in your exercise prescription for the duration of the study
Keep all testing appointments
Maintain initial weight throughout the exercise period.

You can expect:
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i)
ii)
iii)
iv)
v)
vi)

Full disclosure of all procedures required for participation in this study
To be treated fairly and with respect
Any information that is disclosed will be private and confidential
No one will be coerced or forced to do anything they wish not to do
To have all your questions answered fully and as promptly as possible\
To not be penalized for choosing to withdraw from the study for any reason

Circumference Measurements
Many circumference measurements will be taken at numerous places on your body. These
measurements can be used to derive estimates of body composition and body fat distribution. These
measurements require about 45 minutes to complete and will be obtained at Dr. Ross’s laboratory
within the School of Kinesiology & Health Studies at Queen’s.
We will collect these measurements five times throughout the study: at the beginning (week 0)
and after 4 weeks of supervised exercise.
Assessment of Cardiovascular Fitness
We will measure your cardiovascular fitness (endurance) using 3 separate treadmill tests. During
any of the tests, we may stop at any time because of signs of fatigue or you may stop the test because of
personal feelings of fatigue or discomfort. First, you will undergo 2 maximal cardiorespiratory fitness
tests. This test will begin at a level you can easily accomplish and will be advanced in stages, depending
on your capacity to do so. The test will be terminated when you can no longer continue due to fatigue.
Second, you will complete a single‐stage, submaximal treadmill test. It will consist of a short warm up
and then a single stage of exercise at 65% of your maximum fitness for 3‐5 minutes. Finally, a time trial
treadmill test will be completed. The test will be carried out at a self selected work rate for a duration of
10 minutes to achieve the greatest possible distance travelled. During the test, you will be allowed to
adjust the speed as needed in order to complete the full 10 minutes.
The treadmill tests will involve some risks comparable to any strenuous exercise situation. They
include very rare instances of abnormal blood pressure, fainting, disorders of the heartbeat, and heart
attack. Every effort will be made to minimize your risk by preliminary medical examination and
observation during the test. A graduate student at Hotel Dieu Hospital, with a trained paramedic or
medical doctor on‐site, will conduct your maximal and submaximal fitness test. Your exercise tolerance
test may be completed under the same conditions at Hotel Dieu Hospital, or it may be conducted in our
research facility. You will perform the battery of exercise tests 2 times: at the beginning (Week 0) and
after 4 weeks of supervised exercise.
Assessment of Daily Physical Activity
To determine whether the routine physical activity that you (activities of daily living) do when
you are not exercising affect our measures of fitness, you will be asked to wear a small device known as
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an accelerometer. The accelerometer is a small unit that you wear on your belt at the level of your hip.
You will wear this monitor during all of your waking hours and will remove the monitor when you sleep
or participate in water activities such as showering, bathing, or swimming. You will wear this device for
7 consecutive days at baseline (week 0) and during your last week (week 4) of your 4 week supervised
exercise period.

Time commitment per participant
Measure/Task

Time per session

Number of sessions

Total time

Anthropometrics

1 hr

2

2 hr

Cardiorespiratory Fitness

1 hr

2

2 hr

Submaximal fitness

1.5 hr

2

3 hr

Exercise

0.5 hr

20

10 hr

TOTAL

17 hours

CONFIDENTIALITY
All information obtained during the course of this study is strictly confidential and your
anonymity will be protected at all times. Your information will be kept in locked files and will be
available only to John Clarke, Dr. Robert Ross and those working within his laboratory. Your identity will
not be revealed in any description or publication.
In the event you that you are injured as a result of the study procedures, medical care will be
provided to you until resolution of the medical problem. By signing this consent form, you do not waive
your legal rights nor release the investigator(s) and sponsors from their legal and professional
responsibilities.

VOLUNTARY CONSENT
I have been given an opportunity to ask any questions concerning the procedures. All of my questions
regarding the research project have been satisfactorily answered. I understand that my test results are
considered confidential and will never be released in a form that is traceable to me, with the exception
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of my family physician or myself. I understand that my lab results may be sent to my family physician. I
do understand that I am free to deny consent if I so desire, and may withdraw from the study at any
time without prejudicing current or future medical care.
Should I have any questions about the study, I know that I can contact any of the following: Dr. Robert
Ross (613 533‐6583), Dr. Jean Coté, Head, School of Kinesiology and Health Studies (613 533‐6601), or
Dr. Albert Clark, Chair, Queen’s Health Sciences & Affiliated Teaching Hospitals Research Ethics Board
(613 533‐6081). A copy of this consent form will be provided to me for my records. My signature below
means that I freely agreed to participate in this study.

__________________________________

________________

Volunteer’s Signature

Date:

STATEMENT OF INVESTIGATOR
I, or one of my colleagues, have carefully explained to the subject the nature of the above research
study. I certify that, to the best of my knowledge, the subject understands clearly the nature of the
study and demands, benefits, and risks involved to participants in this study.

__________________________________

________________

Investigator’s Signature

Date
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Appendix 6 – PAR‐Q+
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Appendix 7 – Initial appointment form
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Appendix 8 – Anthropometric data collection form

SUBMAX Anthropometric Data Collection Form
ID: ________ Visit: V00

V04

Date: ___________________

Evaluator: ________________

Anthropometrics
Weight:

_____________ kg

Standing Height:

_____________ cm

Circumference Measures (cm)
Hip:

1

2

mean

_______ _______ _______
1
Waist:

2

mean

Last Rib:

_______ _______ _______

Mid‐point:

_______ _______ _______

Iliac Crest: _______ _______ _______
1
Bicep:

2

mean

1

2

mean

R _______ _______ _______ L _______ _______ _______

Thigh:
Medial
Calf:

R _______ _______ _______ L _______ _______ _______
R _______ _______ _______ L _______ _______ _______
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Appendix 9 – CRF data collection form
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Appendix 10 – Exercise tolerance data collection form
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Appendix 11 – Activity monitor log
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Appendix 12 – Dietary information/recommendation sheet

Dietary Information For Weeks of Exercise Testing
You are asked to not alter your diet (quantity and quality) in any way throughout the study. We
have to trust you and assume that you will not change anything as it will seriously impact my study
results and I will not be able to answer my research question.

Carbohydrate Consumption and the contents in common foods
During the week of exercise testing it is important that you have the proper fuel available in your diet to
allow you to complete the tests to the best of your ability. As a result, we ask that you try to consume
approx 200 g of carbohydrates on the days prior to any exercise testing. This may seem like a large
number but this is approximately 800 kcal from carbohydrate, which would be within the suggested
percentage (45‐65%) of total caloric intake for someone consuming 1600‐1800 kcals daily. For an
individual consuming 2000 kcal/ day it is suggested that you consume 225‐325 g of carbohydrates daily.
You should try and consume more complex carbohydrates such as pasta or rice rather than sugary items
such as pops or candies as much as you can.
Below are some common foods and their carbohydrate content:

Starches
Spaghetti ‐ cooked
Bread ‐ White or
Whole Wheat
Rice – White rice
Yellow Corn
Bagel –Sesame Seed
Potato – Baked,
Medium size

Serving
Size
1 cup
1 slice

Carbohydrate
Content (g)
43 g
14 g

1 cup
1 cup
1 bagel
1 potato

42 g
123 g
55 g
36 g

Beverages

Serving
Size

Carbohydrate
Content (g)

Milk – 2%
Apple Juice ‐
Unsweetened

1 cup
1 cup

13.5 g
28 g

Orange Juice
Coca Cola

1 cup
1 can

25 g
39g
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Fruits
Apple – Medium sized
Banana – Medium sized
Orange – Medium sized
Grapes – Red or Green

Serving Size
1 whole
1 whole
1 whole
1 cup

Carbohydrate Content (g)
25 g
27 g
16 g
27 g
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Appendix 13 – Exercise sign‐up sheet
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Appendix 14 – Exercise data recording sheet
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Appendix 3: Example of Statistical Analysis
Descriptives of Standardized values of all CRF, Exercise tolerance and PA variables

Descriptive Statistics
N

Minimum

Maximum

Mean

Std. Deviation

Statistic

Statistic

Statistic

Statistic

Statistic

Skewness
Statistic

Kurtosis

Std. Error

Statistic

Std. Error

Zscore: VO2 V04a_Age

25

-1.57442

1.72394

.0000000

1.00000000

-.189

.464

-.922

.902

Zscore(V00_Average_VO2mx)

25

-1.57113

2.01821

.0000000

1.00000000

.388

.464

-.914

.902

25

-1.67391

2.12371

.0000000

1.00000000

.318

.464

-.595

.902

25

-3.18114

1.69734

.0000000

1.00000000

-1.305

.464

3.290

.902

23

-1.69702

2.45732

.0000000

1.00000000

.586

.481

.486

.935

23

-2.39552

1.79419

.0000000

1.00000000

-.642

.481

.347

.935

23

-2.30817

1.96709

.0000000

1.00000000

-.407

.481

.337

.935

Zscore(Change_AveSpeed)

25

-.46790

3.68280

.0000000

1.00000000

2.565

.464

7.184

.902

Zscore(Change_AveGrade)

25

-.78860

1.96012

.0000000

1.00000000

.546

.464

-1.615

.902

Zscore(Change_AveRER)

25

-1.43007

2.86014

.0000000

1.00000000

1.005

.464

1.552

.902

Zscore(Change_AveVO2mx)

25

-2.18195

1.66927

.0000000

1.00000000

-.331

.464

-.260

.902

Zscore(Change_AveVO2mxkg)

25

-1.98667

1.75121

.0000000

1.00000000

-.447

.464

.072

.902

Zscore(Change_METs)

25

-1.98667

1.75121

.0000000

1.00000000

-.447

.464

.072

.902

Zscore(Change_AveHRmax)

25

-1.75248

1.92920

.0000000

1.00000000

.051

.464

-.417

.902

Zscore(Change_AveHR65)

25

-2.18212

1.81873

.0000000

1.00000000

-.478

.464

.219

.902

Zscore(V00_Average_VO2mxk
g)
Zscore(Change_BodyMass)
Zscore(Change_Height)
Zscore(Change_HipMean)
Zscore: Change_WstMidPointMean
Zscore(Change_WstIliac_Crest
Mean)

0
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Zscore(Change_AvePredMETs
)
Zscore(Change_in_PredOxyco
nsumption)
Zscore(Change_Time_on_Trea
dmill)
Zscore(AveChange_6minDista
nce)
Zscore(AveChange_in_TotalDi
stance)
Zscore(AveChange_in_AveME
TS)
Zscore(AveChange_in_AveSpe
ed)
Zscore(AveChange_in_AveHR)
Zscore:
AveChange_in_MET/Min
Zscore(ChangeinMVPAEpochP
erDay)
Zscore(ChangeinLAPEpochPer
Day)
Zscore(ChangeinTPAEpochPer
Day)
Zscore(ChangeinSPAEpochPe
rDay)
Zscore(ChangeinPercentMVPA
EpochPerDay)
Zscore(ChangeinPercentLPAE
pochPerDay)

25

-1.71442

2.38391

.0000000

1.00000000

.414

.464

-.415

.902

25

-1.69739

2.38430

.0000000

1.00000000

.436

.464

-.440

.902

25

-3.01339

1.35757

.0000000

1.00000000

-1.539

.464

2.521

.902

25

-1.03306

4.22114

.0000000

1.00000000

3.342

.464

13.831

.902

25

-1.85421

2.05072

.0000000

1.00000000

.476

.464

-.364

.902

25

-1.42861

2.48129

.0000000

1.00000000

.983

.464

.459

.902

25

-1.86675

1.96051

.0000000

1.00000000

.455

.464

-.327

.902

25

-2.96144

1.44185

.0000000

1.00000000

-1.125

.464

2.018

.902

25

-1.42861

2.48129

.0000000

1.00000000

.983

.464

.459

.902

22

-2.47581

1.78471

.0000000

1.00000000

-.654

.491

1.048

.953

22

-2.06656

2.13280

.0000000

1.00000000

.291

.491

.470

.953

22

-2.06272

2.04770

.0000000

1.00000000

.331

.491

.217

.953

22

-2.06060

2.01859

.0000000

1.00000000

-.217

.491

-.066

.953

22

-2.43028

1.62019

.0000000

1.00000000

-.334

.491

.669

.953

22

-1.95340

2.34408

.0000000

1.00000000

.454

.491

.623

.953
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Zscore(ChangeinPercentTPAE
pochPerDay)
Zscore:
ChangeinSPAEpochPerDay
Zscore: PA
V00.MVPAEpochPerDay
Zscore: PA
V00.LPAEpochPerDay
Zscore: PA
V00.TPAEpochPerDay
Zscore: PA
V00.SPAEpochPerDay
Zscore: PA
V00.PercentMVPAPerDay
Zscore: PA
V00.PercentLPAPerDay
Zscore: PA
V00.PercentTPAPerDay
Zscore: PA
V00.PercentSPAPerDay
Valid N (listwise)

22

-1.55232

2.66635

.0000000

1.00000000

.790

.491

1.194

.953

22

-2.65736

1.51849

.0000000

1.00000000

-.787

.491

1.130

.953

25

-1.25676

2.41798

.0000000

1.00000000

.791

.464

.277

.902

25

-1.66550

2.94513

.0000000

1.00000000

1.026

.464

1.990

.902

25

-1.80437

2.80802

.0000000

1.00000000

.805

.464

1.477

.902

25

-1.90984

1.79823

.0000000

1.00000000

-.230

.464

-.700

.902

25

-1.10975

2.35821

.0000000

1.00000000

.816

.464

-.027

.902

25

-1.74185

2.14888

.0000000

1.00000000

.541

.464

-.105

.902

25

-1.85625

2.14905

.0000000

1.00000000

.416

.464

-.160

.902

25

-2.19819

1.58784

.0000000

1.00000000

-.465

.464

-.277

.902

0
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Example of Regression Model of Change in Exercise tolerance (total distance) to predict change in Absolute CRF

Variables Entered/Removeda
Variables
Model

Variables Entered

1

Zscore(AveChang

Removed

e_in_TotalDistanc

Method

. Enter

e)b
a. Dependent Variable: Zscore(Change_AveVO2mx)
b. All requested variables entered.

Model Summaryb

Model
1

R
.079a

R Square

Adjusted R

Std. Error of the

Square

Estimate

.006

-.037

Change Statistics
R Square Change

1.01829450

a. Predictors: [24], Zscore(AveChange_in_TotalDistance)
b. Dependent Variable: Zscore(Change_AveVO2mx)

ANOVAa

129

.006

F Change
.145

df1

df2
1

Sig. F Change
23

.706

Model
1

Sum of Squares
Regression

df

Mean Square

.151

1

.151

Residual

23.849

23

1.037

Total

24.000

24

F

Sig.
.145

.706b

a. Dependent Variable: Zscore(Change_AveVO2mx)
b. Predictors: [24], Zscore(AveChange_in_TotalDistance)

Coefficientsa
Standardiz
ed
Unstandardized

Coefficient

95.0% Confidence Interval

Coefficients

s

for B

Std.
Model
[24]

B

Error

-1.764E16

Zscore(AveChange_i
n_TotalDistance)

-.079

Beta

t

.204

.000

.208

-.079 -.381

Sig.

Lower Bound

1.0
00
.70
6

a. Dependent Variable: Zscore(Change_AveVO2mx)
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Collinearity
Correlations

Upper

Zero-

Parti

Bound

order

al

-.421

.421

-.509

.351

-.079 -.079

Statistics

Part

-.079

Tolerance

1.000

VIF

1.000

Example of reliability of repeated absolute VO2peak values post exercise intervention.
Case Processing Summary
N
Cases

Valid
Excludeda
Total

%
24

100.0

0

.0

24

100.0

a. Listwise deletion based on all variables in the
procedure.

Reliability Statistics
Cronbach's Alpha
.929

N of Items
2

Intraclass Correlation Coefficient
Intraclass
Correlationb
Single Measures
Average Measures

95% Confidence Interval
Lower Bound

F Test with True Value 0

Upper Bound

Value

df1

df2

Sig

.872a

.727

.943

14.092

23

23

.000

.932

.842

.971

14.092

23

23

.000

Two-way random effects model where both people effects and measures effects are random.
a. The estimator is the same, whether the interaction effect is present or not.
b. Type A intraclass correlation coefficients using an absolute agreement definition.
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