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Abstract

Cardiometabolic diseases such as diabetes and cardiovascular disease are a
growing threat to the quality of life of the population. Exercise is a frontline approach to
treat and prevent cardiometabolic disease and its associated risk factors. The majority of
individuals, however, are physically inactive and fail to meet weekly physical activity
guidelines primarily due to time-constraints. High-intensity interval training (HIIT) is a
time-efficient method of exercise for improving physical fitness and reducing
cardiometabolic risk factors compared to moderate-intensity continuous training (MICT).
Recent research indicates that the number of repetitions and duration of high-intensity
intervals can be reduced without attenuation of health benefits. This study recruited nine
physically inactive but otherwise healthy participants (6 female, 3 male) which engaged
in a 6 week reduced-exertion HIIT protocol. Participants were assessed before and after a
2 week run-in period, and again upon completion of the exercise protocol to assess the
effect on predicted aerobic capacity (VOomax), resting heart rate (HR), resting blood
pressure, heart rate variability (HRV), fasting blood glucose, peak power, mean power,
body mass, and body fat %. Participants improved predicted VOomax F(2,16)=6.33,
p=.009, peak power F(2,16)=10.84, p=.001, and mean power F(2,16)=20.87, p=.00006,
but no changes were observed in body mass, body fat %, resting HR, resting blood
pressure, resting HRV, and fasting blood glucose. In conclusion, a reduced-exertion HIIT
protocol with minimal time-commitment improved predicted VOomax, peak power, and
mean power and is a time-efficient alternative or adjunct method of exercise for eliciting

health benefits in physically inactive individuals.
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Chapter 1 - Introduction

In today’s society, cardiometabolic diseases such as diabetes and cardiovascular
disease (CVD) pose an extraordinary and growing threat to the quality of life of the
population. In 2014, CVDs were the single leading cause of mortality in Canada at 26.8%
(Statistics Canada, 2014) and they contributed to nearly half (48%) of the mortality from
the noncommunicable disease worldwide (Mendis, Puska, & Norrving, 2011). The
pathology of CVD is related to metabolic health as CVD is a commonly occurring
complication in individuals with diabetes (Szuszkiewicz-Garcia & Davidson, 2014).
Individuals with type 2 diabetes (T2D) are associated with a two- to three-fold higher risk
of developing a secondary cardiovascular complication and mortality compared to a
healthy population (Green, 2014; Huxley, Barzi, & Woodward, 2006; Peters, Huxley, &
Woodward, 2014). In 2012, there were 1.96 million reported cases of diabetes in Canada;
this figure is expected to more than double by 2022 (Bilandzic & Rosella, 2017). With
these new cases comes an extraordinary financial burden adding an estimated $15 billion
in healthcare costs by 2022 (Bilandzic & Rosella, 2017). If the current trend continues,
the ongoing costs of diabetes treatment will soon become unaffordable. The risk of
developing these diseases can be highly mitigated with modified lifestyle behaviors such
as optimized diet and exercise (Chudyk & Petrella, 2011; Colberg et al., 2010;
Warburton, Charlesworth, Ivey, & Nettleford, 2010).

An exercise as medicine approach is an effective option for the treatment and
prevention of T2D and CVDs (Chudyk & Petrella, 2011; Warburton et al., 2010). The
Canadian Society for Exercise Physiology (CSEP) recommends >150 minutes of

moderate intensity or >75 minutes of vigorous physical activity training per week for
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individuals aged 18 to 64 years (Colberg et al., 2010; Colley et al., 2011; CSEP, 2013;
Hallal et al., 2012; Haskell et al., 2007). Acquiring an adequate amount of physical
activity is an essential component for maintaining health. Despite the apparent benefits,
only 15 to 20% of Canadians achieve the recommended amount of exercise (Colley et al.,
2011). Physical inactivity and prolonged sedentary behaviours are significant contributors
to non-communicable disease around the world (Lee et al., 2012; World Health
Organization (WHO), 2009). These behaviours are associated with a variety of poor
health outcomes including all-cause mortality, T2D, incidence of breast and colon cancer,
hypertension, low heart rate variability (HRV), and CVD risk (Warburton et al., 2010).
Since the majority of the population is physically inactive, this poses a significant public
health concern.

High-intensity interval training (HIIT) is a time-efficient means of producing
similar or higher cardiometabolic benefits to moderate intensity continuous training
(MICT) in a variety of populations (Batacan, Duncan, Dalbo, Tucker, & Fenning, 2017;
Jelleymen et al., 2015; Weston, Wisloff, & Coombes, 2013). Many studies have
demonstrated the efficacy of four to six repetitions of 30 second “all-out” cycle sprint
protocols or sprint interval training (SIT) at improving insulin sensitivity and glucose
disposal (Babraj et al., 2009; Burgomaster et al., 2005; Fisher et al., 2015; Racil et al.,
2013). Moreover, comparative studies present evidence that high-volume aerobic HIIT
protocols (4 repetitions of 4 minutes at 85-95% HRnax: active rest 3 minutes at 50-60%
HRuax) are more efficacious than MICT for raising VOamax, and reducing blood pressure
(BP) and resting heart rate (HR; Moholdt et al., 2009; Molmen-Hansen et al., 2011;

Rognmo et al., 2004; Tjonna et al., 2008; Wisloff et al., 2007). High-volume HIIT and
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SIT protocols pose an entry barrier, as they require a high degree of motivation, are
perceived as too intense, and require too much time to complete. Therefore, while it is
essential to establish the health benefits of HIIT, a suitable protocol should be
recommended, limiting the entry barriers, making time-efficient exercise more accessible.

Babraj et al. (2009) and Whyte et al. (2010) conjectured that the muscle glycogen
depletion that occurs during a 30 second maximal effort plays a significant role in the
physiological compensations following exercise. These findings are supported by the
inverse relationship between muscle glycogen availability and cell-membrane GLUT4
content (Derave, Hansen, Lund, Kristiansen, & Richter, 2000), glycogen synthase activity
(Jensen et al., 2006), and expression of GLUT4 mRNA (Steinberg et al., 2006). The
upregulation of GLUT4 proteins in response to high-intensity exercise explains in part
how exercise improves insulin dependent skeletal muscle glucose uptake (Steinberg et
al., 2006). The relationship between muscle glycogen depletion and improved insulin
action following exercise suggests that exercise which sufficiently depletes muscle
glycogen will be more effective than those that do not.

The 30 second Wingate Anaerobic Power Test, commonly referred to as the
Wingate Test, is a maximal exertion cycle ergometer test which measures the power
output of the lower body (Bar-Or, 1987). A single bout of a 30 second Wingate Test is
capable of depleting glycogen in the vastus lateralis muscle by 20% (Gibala et al., 2009).
Work by Parolin et al. (1999) observed that glycogen breakdown during a Wingate Test
is only highly active during the first 15 seconds, following which point glycogenolysis is
severely attenuated. Glycogenolysis is also further attenuated in repeated bouts of the

Wingate Test. Therefore, if an individual continues to perform additional 30 second
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maximal bouts, such as in a SIT protocol, the breakdown of glycogen would only be
highly active in the first 15 seconds of the first one or two sprints (Parolin et al., 1999).
Gibala et al. (2009) confirmed these observations, and muscle glycogen depletion was
reduced by 20% following one bout but was only reduced by 30% following four bouts.
These findings posit that the metabolic stimulus for the physiological adaptations that
occur following SIT protocols may be accomplished with only one to two 15 second
sprints.

New evidence has shown that the amount of exercise required to elicit a reduction
in cardiometabolic risk factors can be achieved using a reduced-exertion HIIT protocol
consisting of one to two short bouts of high-intensity exercise (Metcalfe et al., 2012;
Metcalfe et al., 2016). Metcalfe et al. (2012) demonstrated an increase in aerobic capacity
in healthy sedentary men and women by at least 1-metabolic equivalent (MET), an
amount associated with a 10-25% reduction in CVD mortality risk (Kokkinos et al.,
2004), and an increase in insulin sensitivity in men but not women. Metcalfe et al. (2016)
also observed that 6 weeks of reduced-exertion HIIT elicited a significant improvement
in aerobic capacity and a nonsignificant increase in insulin sensitivity equally in both
men and women. The proposed research will mainly build on the work by Metcalfe et al.
(2012) and Metcalfe et al. (2016) to establish if 6 weeks of a reduced-exertion HIIT
intervention can elicit improvements in markers of cardiovascular and metabolic health in
physically inactive individuals.

Therefore, the purpose of this research is to compare changes in anthropomorphic
measures (body mass and body fat %), cardiovascular health (resting BP, resting HR, and

HRYV), metabolic health (fasting blood glucose), and physical fitness (predicted VOamax,
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mean power, and peak power) between baseline, pre-, and post-test in healthy physically

inactive individuals following 6 weeks of a reduced-exertion HIIT program.
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Chapter 2 - Literature Review

Introduction

Exercise is the frontline approach for the treatment and prevention of
cardiovascular and metabolic diseases; however, the majority of individuals increase their
cardiometabolic disease risk by living a sedentary and physically inactive lifestyle (Lee et
al., 2012). Commonly cited barriers to exercise are a lack of time, motivation, and/or
enjoyment for not meeting weekly exercise recommendations (Colberg et al., 2011;
Colley et al., 2011; Reichert et al., 2007; Stutts, 2002). Compared to MICT, research has
shown that HIIT is a time-efficient way to reduce cardiometabolic risk factors (Batacan et
al., 2017; Jelleymen et al., 2015; Weston et al., 2013). Many existing HIIT protocols are
perceived as too intense for many populations to perform. Metcalfe et al. (2012) and
Metcalfe et al. (2016) have demonstrated that minimal amounts of high-intensity
exercise, no more than 2 minutes per week, can elicit cardiometabolic benefits. The
reduction in exertion in this protocol is more suitable for a sedentary population that may
not tolerate more intense forms of exercise. Furthermore, the amount of HIIT required to
improve cardiometabolic health is much less than previously thought. Thus, a reduction
in exertion may not result in a reduction in benefit (Vollaard & Metcalfe, 2017; Vollaard,
Metcalfe, & Williams, 2017). In this section, literature pertinent to how exercise and
HIIT affect markers of cardiovascular and metabolic health will be reviewed.
Research Problem

In Canada, diabetes poses an urgent threat to the health of the population.
Currently, nearly 10% of all Canadians above the age of 12 years have either type I

diabetes or T2D, 90% of which are T2D (Bilandzic & Rosella, 2017). In 2012, 1.96
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million cases of diabetes were reported, yet by 2022 another 2.16 million cases are
expected to be added (Bilandzic & Rosella, 2017). These new cases will add an estimated
$15 billion to current healthcare costs over the next decade. If this trend continues, the
costs of treating this disease will become unaffordable. It has been proposed that a mere
5% weight loss among individuals with diabetes would result in an estimated savings of
$2 billion, and a 30% risk reduction in the most severe cases would save $1.5 billion
(Bilandzic & Rosella, 2017).

Cardiovascular disease is the leading cause of mortality in Canada at 26.8%
(Statistics Canada, 2014) and the cause of a third of the mortality worldwide (Mendis,
Puska, & Norrving, 2011). The pathology of CVDs and diabetes are related as
biomarkers used to assess risk in CVDs (e.g., hypertension, hyperglycemia, poor physical
fitness) are also overlapping in those with T2D (Szuszkiewicz-Garcia & Davidson,
2014). This is concerning as individuals with T2D are associated with a two- to three-fold
higher risk of developing a secondary cardiovascular complication and mortality
compared to a healthy population (Green, 2014; Huxley et al., 2006; Peters et al., 2014).

The current recommendations for weekly exercise are at least 150 minutes of
moderate exercise or at least 75 minutes of vigorous exercise for individuals 18 to 64
years of age (CSEP, 2013; Colberg et al., 2010; Haskell et al., 2007). Despite these
recommendations, the majority (80-85%) of the population fails to meet weekly exercise
guidelines (Colley et al., 2011; Hallal et al., 2012). The causes of any individual failing to
meet exercise guidelines are complex. Among a host of reasons, the most commonly
cited are a lack of time, motivation, and enjoyment (Colberg et al., 2011; Colley et al.,

2011; Reichert et al., 2007; Stutts, 2002). The outcome of the failure to meet these
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guidelines is a population incurring the adverse health effects of physical inactivity.
Physical inactivity has been identified as the fourth strongest predictor of mortality by the
WHO and is one of the greatest contributors to major non-communicable diseases around
the world (Lee et al., 2012; WHO, 2009). Moreover, physical inactivity and prolonged
sedentary behaviours are associated with a number of poor health outcomes including
diabetes and CVD (Lee et al., 2012; Warburton et al., 2010)

Exercise is accepted as an effective preventative and treatment intervention for
metabolic dysfunctions and CVDs (Colberg et al., 2011; Colley et al., 2011; Hallal et al.,
2012; Haskell et al., 2007). Due to a lack of time and enjoyment as prominent perceived
barriers to exercise, a time-efficient method of exercising should be suggested as an
alternative or adjunct to MICT. Previous research has shown HIIT to be a time-efficient
means of eliciting health benefits compared to MICT (Batacan et al., 2017; Jelleymen et
al., 2015; Weston et al., 2013) as well as being more enjoyable (Shepherd et al., 2015).
Many existing HIIT protocols are perceived as too intense or requiring too much time to
complete, although a reduction in the number of intervals and total duration of exercise
may help remove these barriers. Metcalfe et al. (2012) and Metcalfe et al. (2016)
demonstrated that a reduced-exertion HIIT protocol consisting of 2 minutes or less of
high-intensity exercise per week can improve cardiometabolic risk factors (VOamax and
insulin sensitivity). Due to the interrelated nature of cardiometabolic pathologies, it is
important to consider their effect on one another and how to target specific pathologies
using clinically prescribed exercise. Further research on the merits of this protocol is

needed to solidify its recommendation to a physically inactive population.



THE EFFECTS OF REDUCED-EXERTION HIIT

Cardiometabolic Risk Factors

The term cardiometabolic simply means both the heart and the metabolism.
Cardiometabolic diseases are those that involve both metabolic and cardiovascular
dysfunction (Chudyk & Petrella, 2011). These diseases include T2D, metabolic
syndrome, coronary heart disease, cerebrovascular disease (stroke), peripheral artery
disease, and CVD. Cardiometabolic risk factors are biomarkers or indices of health which
have been associated with increasing risk of incurring the aforementioned diseases; these
include poor aerobic exercise capacity (Kaminsky et al., 2013; Kokkinos & Myers,
2010), impaired glucose disposal (Sorkin, Muller, Fleg, & Andres, 2005), elevated
resting BP (Lawes, Vander Hoorn, & Rodgers, 2008), elevated resting HR (Hanley et al.,
2002), high adiposity (Verheggen et al., 2016), abnormal blood lipid profile (Depres &
Lemieuz, 2006), and reduced HRV (da Silva et al., 2016; Kemp & Quintana, 2013).

Many of these risk factors arise from modifiable lifestyle behaviors, such as poor
diet and lack of physical activity. The WHO has identified physical inactivity as the
fourth strongest predictor of mortality, accounting for 6% of global mortality (WHO,
2009). This risk factor is only surpassed by elevated BP (13% of global mortality),
tobacco use (9%), elevated blood glucose (6%), and with overweight and obesity not far
behind (5%; WHO, 2009). Exercise is accepted as an effective preventative intervention
for metabolic dysfunctions and CVDs (Haskell et al., 2007). Regularly engaging in
exercise is an effective way of mitigating many cardiometabolic risk factors such as
insulin resistance (Garber et al., 2011; Tjonna et al., 2008), elevated BP (Guimares et al.,
2010), reduced aerobic capacity (Garber et al., 2011; Tjonna et al., 2008), and low HRV

(Aubert, 2003; Hallman et al., 2017; Soares-Miranda et al., 2014).
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Cardiometabolic Benefits of Exercise

The use of exercise as medicine is a frontline approach for treatment and
prevention of cardiometabolic diseases. A vast amount of empirical evidence supports a
causal link between positive health outcomes and physical activity and are the
justification for weekly exercise recommendations by numerous organizations (Colberg
etal., 2011; Colley et al., 2011; CSEP, 2013; Hallal et al., 2012). Regularly engaging in
physical activity is strongly linked to a reduced risk of developing T2D (Gill & Cooper,
2008) and CVD mortality rate (Nocon et al., 2008). Furthermore, regular exercise is a
proven means of mitigating individual risk factors associated with cardiometabolic
diseases including improving insulin sensitivity (Garber et al., 2011; Holloszy, 2005;
Kirwan, Solomon, Wojta, Staten, & Holloszy, 2009), improving glycemic control (Sigal,
Kenny, Wasserman, & Castaneda-Sceppa, 2004), reducing BP (Guimaraes et al., 2010),
and improving exercise capacity (Garber et al., 2011; Kaminsky et al., 2013; Kokkinos &
Myers, 2010). As mentioned, there are barriers that prevent people from exercising.
Designing an exercise protocol/recommendation that helps overcome these barriers is
paramount to improving the health of the population.
High-Intensity Interval Training

Interval training can be defined broadly as short bouts of vigorous exertion
interspersed with periods of low-intensity active recovery or passive rest. In a typical
HIIT session, the intensity of the high intervals is 80-100% of a predicted HRnax or >70%
of VOomax (Weston et al., 2013) The duration of high-intensity intervals lasts from several
seconds to 4 minutes (Weston et al., 2013) High-intensity intervals lasting from 2-3 and a

total high-intensity time per session of >10 minutes are considering high-volume HIIT.

10
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Variations of HIIT protocols that use high-intensity interval durations of 30 seconds to 1
minutes and complete high-intensity work per session of <10 minutes are classified as
low-volume HIIT or SIT (Gibala, Little, Macdonald, & Hawley, 2012; Little et al., 2011).
Another permutation of HIIT includes reduced-exertion HIIT, which further lowers high-
intensity interval volume to 20 seconds and total high-intensity per session of only 2
minutes (Metcalfe et al., 2012; 2016).

Perhaps just as important as the high-intensity bouts are the active recovery
periods that follow; active recovery periods must allow the HR to recover appropriately.
In a review conducted by Weston et al. (2013), eligible studies controlled low-intensity
active recovery periods at 50-75% of HRyax or 40-50% of VOjmax. The duration of the
recovery periods varied based on the time at high intensity; typically work to rest ratios
fell between 2:1 (Nybo et al., 2010) and 1:6 (Gibala et al., 2012). Currently, in the
literature, the intensities of active recovery periods are often not stated. Controlling the
intensity of the active recovery period is important to ensure that the participant is
recovered enough to perform a subsequent maximal exertion bout without self-pacing
due to fatigue. High-volume MICT has proven benefits for mitigating cardiometabolic
health risk, but is not likely to be adhered to due to barriers to exercise such as a reported
lack of time, boredom, and lack of enjoyment (Haskell et al., 2007; Reichert et al., 2007;
Stutts, 2002). Previous research has shown that many indicators of cardiometabolic
health can be influenced in much less time using short bouts of high-intensity exercise
(Batacan et al., 2017; Jelleymen et al., 2015; Weston et al., 2013). In studies that
compared equal energy expenditure, high-volume aerobic HIIT (four repetitions high-

intensity, 4 minutes at 85-95% HRpax: active rest 3 minutes at 50-60% of HRyn,x) and

11



THE EFFECTS OF REDUCED-EXERTION HIIT

MICT protocols, those in the HIIT groups exercised approximately 10 minutes less per
session and exhibited greater improvements in aerobic capacity (Karstoft et al., 2014;
Moholdt et al., 2009; Molmen-Hansen et al., 2011; Rognmo, Hetland, Helgerud, Hoff, &
Slerdahl, 2004; Schjerve et al., 2008; Tjonna et al., 2008; Wisloff et al., 2007). As well,
equal or greater reduction in BP compared to MICT (Molmen-Hansen et al., 2011;
Rognmo et al., 2004; Schjerve et al., 2008; Tjonna et al., 2008), improvements in
glycemic control (Karstoft et al., 2014; Tjonna et al., 2008) and reduced adiposity
(Karstoft et al., 2014; Schjerve et al., 2008; Tjonna et al., 2008) was reported.

Additional research examining HIIT protocols with even less time commitment
and less energy expenditure compared to MICT also proved to be a more efficient way of
improving cardiometabolic health. In HIIT protocols, which used bouts of high-intensity
less than 1 minute and exercise volume was half as much as the MICT group, participants
improved VOumax (Fisher et al., 2015; Gibala et al., 2012; Mitranun et al., 2014; Shepherd
et al., 2015), improved glycemic control (Fischer et al., 2015; Mitranun et al., 2014;
Shepherd et al., 2015), reduced BP (Mitranun et al., 2014), and reduced adiposity
(Mitranun et al., 2014; Shepherd et al., 2015). Metcalfe et al. (2012) demonstrated an
improvement in aerobic capacity of greater than 1-MET as well as improved insulin
sensitivity with as little as 1 minute of high-intensity exercise per week.

Reduced-exertion HIIT is a relatively new protocol for HIIT. It is an adapted form
of low-volume HIIT, further abbreviating interval duration to make high-intensity
exercise more palatable for populations averse to longer durations. Only two studies have
measured changes in cardiometabolic risk factors using this protocol over a long enough

duration to elicit meaningful changes (6 weeks; Metcalfe et al., 2012; 2016). Metcalfe et

12
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al. (2012) measured the effects of reduced-exertion HIIT on sedentary men and women,
although a no exercise control was used in place of an MICT group. Both men and
women demonstrated an increased VOomax from baseline greater than 1-MET. In
measures of glycemic control, men had improved insulin sensitivity but women did not
(Metcalfe et al., 2012). Similar results were confirmed by Metcalfe et al. (2016), both
men and women improved VOamax, but only men improved insulin sensitivity. Reduced-
exertion HIIT elicited a reduction in body mass index (BMI) in men, but no change was
observed in women (Metcalfe et al., 2012). There were also no changes in BMI in men or
women in Metcalfe et al., (2016). Skleryk et al. (2013) examined the effects of reduced-
exertion HIIT on obese and sedentary men over a 2 week period. No statistically
significant changes were observed from baseline in VOimayx, any measures of metabolic
health, or in body composition (Skleryk et al., 2013).

Although not following the reduced-exertion HIIT protocol, other studies have
observed beneficial health effects of brief bouts of high-intensity exercise with minimal
time commitment. Studies such as Allison et al. (2016) and Jenkins et al. (2018) have
investigated the effects of brief intense bouts of stair climbing (3 x 20 seconds). These
exercise snacks have been shown to improve VOomax in young physically inactive
individuals (Jenkins et al., 2018) and in sedentary women (Allison et al., 2018).

Total exercise time and intervention duration should be considered when
comparing HIIT protocols. Different intensities and interval durations will place varied
metabolic load on energy-producing pathways, resulting in specific physiological and
metabolic adaptations. Aerobic HIIT studies have reported a longer intervention duration

and total exercise volume compared to low-volume HIIT and reduced-exertion HIIT
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protocols. For measures of glycemic control, aerobic HIIT and low-volume HIIT both
improved glycemic control proportional to MICT (Batacan et al., 2017; Jelleymen et al.,
2015; Weston et al., 2013). It has been demonstrated that low-volume HIIT caused rapid
and long-lasting changes in the glucose delivery system (Babraj et al., 2009; Burgomaster
et al., 2005) as well as stimulated mitochondrial biogenesis (Little et al., 2010).
Improvements to the glucose delivery system may be more beneficial to an individual
with T2D, while CVD patients may benefit more from increasing aerobic capacity.
Further study is required to better inform exercise prescription for diseased populations.

High-intensity interval training protocols with shorter intervals (e.g., SIT) may be
better suited for improving glycemic control due to the reliance on glucose for energy
through glycolytic pathways (Babraj et al., 2009; Burgomaster et al., 2005; Little et al.,
2010). Aerobic HIIT appears more beneficial for improving aerobic capacity and
reducing BP and resting HR; although, study duration of aerobic HIIT is much longer
than lower volume HIIT protocols. In the studies reviewed here, which measured both
changes in aerobic capacity and a measurement of glycemic control, aerobic HIIT study
duration ranged from 10 to 16 weeks (Rognmo et al., 2004; Tjonna et al., 2008); whereas,
low-volume HIIT study duration ranged from 6 to 12 weeks (Gibala et al., 2012; Racil et
al., 2013). For measures of adiposity, both aerobic HIIT and low-volume HIIT were
comparable means of reducing body fat % and body fat mass to MICT.

High-volume HIIT such as aerobic HIIT appears to elicit greater improvements in
VOomax compared to low-volume HIIT, however, these observations were likely due to
differences in exercise volume rather than other traits specific to the protocol. Regardless

of the specific intensity, the number of intervals, and volume, HIIT is an effective therapy

14



THE EFFECTS OF REDUCED-EXERTION HIIT

for T2D (Wormgoor, Dalleck, Zinn, & Harris, 2017). Despite reduced exercise volume,
low-volume HIIT protocols are still effective at increasing VOomax (Gist, Fedewa,
Dishman, & Cureton, 2014; Sloth, Sloth, Overgaard, & Dalgas, 2013). Although, some
authors conjectured that low-volume HIIT can be excessively fatiguing because the
physiological events required to elicit physiological adaptations occur in the first one or
two high-intensity intervals. These authors suggested that fewer intervals in a protocol
may have equal or greater benefits for aerobic capacity (Vollaard & Metcalfe, 2017,
Vollaard et al., 2017). In a comparison of HIIT protocols, those with four to six 30
second intervals (SIT) had little to no additional benefit in VO,max compared to those
with only two 20 seconds intervals (Vollaard & Metcalfe, 2017; Vollaard et al., 2017).
These observations posit that the use of reduced-exertion HIIT may be a valuable and
time-efficient means for improving aerobic capacity and glycemic control. High-intensity
interval training protocols should be prescribed in low-volume with few intervals as an
adjunct to other forms of exercise. Despite a marked reduction in energy expenditure and
time commitment, various types of HIIT are effective means of reducing cardiometabolic
risk factors and mortality.

High-intensity interval training summary. High-intensity interval training
exercise consists of short bouts of vigorous exercise interspersed with periods of active
rest. A HIIT protocol may include any number and duration of intervals; protocols with
fewer intervals but with longer interval and total duration are defined as high-volume
HIIT, while those with more frequent intervals with shorter, more intense intervals and
shorter total duration are defined as low-volume HIIT. Both forms are effective for

increasing exercise capacity, an important marker for assessing chronic disease risk.
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High-volume HIIT elicits greater VOomax improvements due to higher exercise volume
and longer duration (Karstoft et al., 2014; Moholdt et al., 2009; Molmen-Hansen et al.,
2011; Rognmo, Hetland, Helgerud, Hoff, & Slerdahl, 2004; Schjerve et al., 2008; Tjonna
et al., 2008; Wisloff et al., 2007). High-volume HIIT may also be more useful for
reducing adiposity (Karstoft et al., 2014; Schjerve et al., 2008; Tjonna et al., 2008) and
improving cardiovascular health measures (Molmen-Hansen et al., 2011; Rognmo et al.,
2004; Schjerve et al., 2008; Tjonna et al., 2008). Although, these observations may also
be attributable to greater exercise volume and duration, rather than the type of protocol
performed. Low-volume HIIT, due to the higher metabolic demand on anaerobic energy
pathways appears to be more effective for improving metabolic health (Babraj et al.,
2009; Burgomaster et al., 2005; Little et al., 2010). New research has posited that
reduced-exertion HIIT, despite only using one to two high-intensity intervals, can elicit
health benefits similar to low-volume HIIT (Metcalfe et al., 2012; 2016). A reduced-
exertion form of HIIT may be a more appropriate form of exercise for physically inactive
individuals and those with time constraints.
Mechanism of Action

The notion that physiological adaptations that occur as a result of exercise are due
to an increased demand for energy in muscle cells is widely accepted. Exercise variables
such as intensity and duration place specific burdens on different metabolic pathways. A
more intense bout of exercise, such as that used in HIIT, will put more demands on
anaerobic pathways (Babraj et al., 2009; Burgomaster, Heigenhauser, & Gibala, 2006).
While this field of study has elaborated on the central and peripheral adaptations to

MICT, a growing body of evidence is showing that equal or greater adaptations can occur
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following HIIT even when total exercise time and energy expenditure is reduced (Weston
et al., 2013). It appears that intermittent high-intensity exertion within an exercise session
is responsible for these physiological adaptations, yet the mechanisms of this action are
not entirely understood.

More vigorous exercise utilizes larger muscle groups, which under substantial
metabolic stress, results in a higher rate of glycogen breakdown-turnover and rapid
degradation of muscle glycogen (Babraj et al., 2009; Burgomaster et al., 2006). This
stress facilitates muscle glycogenolysis and translocation of GLUT4 to produce energy to
a greater degree than lower intensity exercise (Gibala, Gillen, & Perceival, 2014). An
increase in GLUT4 occurs to increase glucose extraction from the circulating blood for
delivery to working muscles (Hughes et al., 1993). Burgomaster et al. (2006)
demonstrated that after only 2 weeks of low-volume HIIT significant increases in GLUT4
concentrations occurred, which were sustained for 6 months after the termination of the
protocol. Babraj et al. (2009) suggested that HIIT elicits remodeling of the glycogen
molecule pool, making the mobilization of glucose easier during exercise. Both
adaptations seem to improve insulin sensitivity via enhanced endogenous production of

glucose (Babraj et al., 2009; Burgomaster et al., 2006).
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The mechanism of action provides important physiological context for
understanding why HIIT protocols are effective. Previous research has shown that HIIT
based around a 30 second Wingate Test is effective at increasing aerobic capacity and
glucose metabolism (Babraj et al., 2009; Fisher et al., 2015; Gibala et al., 2012; Racil et
al., 2013). These effects are in part due to the interaction between muscle glycogen
depletion and insulin-dependent muscle glucose uptake via GLUT4 upregulation
(Graham et al., 2010). This method may be excessively fatiguing as glycogen breakdown
via glycogenolysis is only predominantly active during the initial 15 seconds of high-
intensity exercise, and is severely attenuated in the last 15 seconds and subsequent bouts
(Parolin et al., 1999). Moreover, due to the excessively fatiguing nature, participants
often subconsciously pace themselves by conserving energy at the beginning of the test

(Zajac, Jarzabek, & Waskiewicz, 1999).
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Metabolic Health Measures

The main pathway the body uses to move glucose from the blood into the cell is a
protein located in the membrane of skeletal muscle and adipose cells called GLUT4
(James, Brown, Navarro, & Pilch, 1988). Insulin-stimulated glucose transport into the
cell is a rate-limiting factor for glucose metabolism. When measuring the glucose
disposal rate, insulin must signal GLUT4 to allow glucose into the cell and the cell must
have enough transportation capacity to allow this to happen. As such, the disposal rate is
determined by the efficiency of insulin signaling and glucose transport. An inability to
move glucose into the cell can occur independently of insulin signaling when GLUT4
protein content is diminished and can result in elevated blood glucose levels.

Individuals with T2D have approximately 40% less total GLUT4 protein content
than those without T2D (Kelley et al., 1992). A shortcoming in glucose transport is
reflected in a decreased glucose disposal rate. In individuals with this pathology, insulin
therapies may not meaningfully reduce circulating blood glucose, because the glucose
disposal would be limited by glucose metabolism, not insulin signaling. Kelley et al.
(1992), examined the difference in glucose disposal rates between noninsulin-dependent
T2D and weight matched controls. They found that the glucose disposal rate was indeed
lower in the T2D group, as well as glucose usage and storage capacity.

To improve insulin sensitivity in individuals with T2D, the whole-body glucose
disposal rate must be increased via increasing concentrations of GLUT4. Individuals who
are physically inactive experience a loss of GLUT4 concentrations and the glucose
disposal rate (Kampmann et al., 2011). Kampmann et al. (2011) demonstrated that those

with T2D had a lower expression of the GLUT4 gene than healthy individuals and gene
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expression is severely reduced if insulin is required. Exercise is an important stimulus for
upregulation of GLUT4; with meaningful stimulation of this process occurring from
relatively small amounts of exercise (Burgomaster et al., 2005). Hussey et al. (2012)
evaluated the effects of a single bout of moderate intensity exercise on GLUT4 gene
expression in T2D and healthy controls. After only 60 minutes of exercise, gene
expression was significantly elevated immediately following exercise and 3 hours
afterward. Also, the gene expression of GLUT4 at rest was lower in the T2D group
(Hussey et al., 2012). O’Gorman et al. (2006) used a similar intensity 60 minute exercise
session, with a group of obese T2D (n=8) and obese non-T2D participants (n=7). The
GLUT4 protein content did not increase immediately following exercise, but protein
content increased in the obese T2D group one day after exercise with only a subtle
increase observed in the obese non-T2D. Seven days following exercise, both groups
demonstrated a similar increase in GLUT4 concentration levels.

Christ-Roberts et al. (2004) examined the effects of moderate intensity exercise
over a period of 8 weeks on a group of insulin resistant (n=16) and T2D (n=6)
participants. To date, this is one of the few studies to measure adaptations in GLUT4
content and glucose storage with glucose disposal. Participants exercised three times per
week for 20 minutes at 60% of VOamax and progressed to four sessions per week for 45
minutes at 75% of VOxmax. The exercise protocol elicited meaningful changes in the
glucose disposal rate in both groups; however, the glucose disposal rate was still lower in
the T2D group. A similar change was observed in the total GLUT4 protein content; both
groups experienced a significant increase, but this increase was more moderate in the

T2D group.
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While many studies typically gauge the effectiveness of a HIIT protocol by
changes in aerobic capacity, it is more practical to look for improvements in glucose
metabolism and insulin sensitivity when evaluating the efficacy of these protocols for
T2D since skeletal muscle insulin resistance is the primary defect in T2D (DeFronzo &
Tripathy, 2009). Little et al. (2010) is one of the few to measure GLUT4 adaptations in
response to HIIT training. Seven healthy male participants were recruited for 2 weeks of
HIIT consisting of eight to twelve, 60 second maximal bouts followed by 75 seconds of
active rest. There was a statistically significant increase in GLUT4 protein concentration
levels following the exercise protocol and a decrease in average 24 hour blood glucose
levels. Burgomaster et al. (2005) also evaluated HIIT on glucose metabolism in eight
healthy males over a period of 2 weeks. The exercise protocol followed a traditional
Wingate Test format, using four to six, 30 second maximal intervals with 4 minutes of
recovery. Participants were tested at baseline, 1 week, and 6 weeks into training and 1
week and 6 weeks post-training. They observed significant increases in GLUT4 from
baseline at each of the measurement times. This evidence demonstrates that high-
intensity exercise leads to meaningful improvement in the concentration of a much-
needed protein for glucose transport. Importantly, GLUT4 concentrations remained
elevated following 6 weeks of detraining, as long as the study period itself, indicating that
HIIT training leads to long-term improvements in glucose metabolism.

Anaerobic power. It is rarely reported for a clinical trial of HIIT to include
observation of the change in power output in a short maximal exertion effort. Anaerobic
testing using a 30 second Wingate Test, is commonly used to assess the power output of

the individual. Although a relationship between mean and peak power output and
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cardiometabolic health has not been identified, an individual's ability to expend energy is
a strong predictor of better cardiovascular health (Kaminsky et al., 2013; Kokkinos &
Myers, 2010). An increase of 1-MET has been associated with a reduction in CVD
mortality (Kaminsky et al., 2013). Therefore, the anaerobic power output of an individual
may be an indicator of cardiometabolic health, similar to aerobic capacity. Anaerobic
tests are also usually less time consuming and fatiguing, with less risk of injury compared
to a treadmill VOymay test. Thus, the use of anaerobic power may be a less invasive and
time-consuming method for assessing cardiometabolic risk in future research.
Furthermore, an increase in power output is likely a favourable outcome for an individual
following a fitness routine and for the reversal of glucose metabolism dysfunction.
Cardiovascular Health Measures

Heart rate variability. Heart rate variability is the change in time between
adjacent heartbeats and is a product of interdependent regulatory systems which govern
heart function (Shaffer, McCraty, & Zerr, 2014). A major cardiovascular center located in
the medulla of the brainstem integrates sensory information from proprioceptors,
chemoreceptors, and baroreceptors (mechanoreceptors), as well as higher brain input
from the cerebral cortex and limbic system (Shaffer et al., 2014). The medulla responds
to the information by increasing HR via the sympathetic nervous system (SNS) or
decreasing HR via the parasympathetic nervous system (PNS). In a healthy individual,
the HR at rest represents the dynamic balance of neural activity between the SNS and
PNS (Shaffer & Venner, 2013). A high HRV indicates the efficacy of the cardiovascular
control centers ability to adapt to a variety of stimuli to maintain homeostasis rapidly.

Dysfunction of this regulatory system is apparent when the HRV is inappropriate for the

22



THE EFFECTS OF REDUCED-EXERTION HIIT

stress on the body. As such, the HRV of an individual serve as a valuable biomarker for
predicting health outcomes.

At rest, both the SNS and PNS are active in regulating HR; however, the vagal
effects from the parasympathetic branch are dominant which slow the HR below intrinsic
rhythm of the sinoatrial node (Opthof, 2000). An increase in sympathetic activity is a
mechanism to raise HR above the inherent value and occurs in response to perceived
stress; however, both nervous systems act on different timescales. Sympathetic activity
can take up to 5 seconds before the HR increases and reaches a steady rate in 20-30
seconds if the stimulus is maintained (Nunan, Sandercock, & Brodie, 2010). In contrast,
the PNS functions at a much quicker pace, with stimulation taking effect within 1 second
(Nunan et al., 2010). As a result, instantaneous adaptations of HR are vagally mediated.
An insufficient HRV is typically due to inadequate vagal stimulation and overstimulation
of the SNS which is indicative of a dysfunctional autonomic nervous system (ANS).

The heart is regulated by a sophisticated neural network. Modern technology has
made it possible to measure physiological markers associated with HR regulation.
Through these observations, it is apparent that “a healthy heart is not a metronome”
(Shaffer et al., 2014, p. 5), the dynamic interaction between many regulating mechanisms
causes a highly variable HR even during steady-state conditions (Shaffer et al., 2014).
Through a phenomenon known as respiratory sinus arrhythmia, we know that HR varies
with respiration; during inhalation HR increases and decreases during expiration
(Yasuma & Hayano, 2004). Heart rate variability biofeedback is a technique which uses
respiratory sinus arrhythmia, where the participant breathes at a controlled rate between 6

and 10 breaths per minute (Gevirtz et al., 2013). Gevirtz et al. (2013) showed that it was
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possible to achieve higher HRV through these breathing techniques in populations with
cardiovascular, metabolic, and cognitive diseases.

Heart rate variability is a key index of ANS functioning and is generally accepted
as a diagnostic tool for identifying mental and physical illness (Thayer et al., 2012). The
observation of an individual’s HRV to assess the health of the ANS has been a useful
clinical tool for identifying cognitive and physiological pathology as well as
prognosticating disease outcomes (da Silva et al., 2016; Kemp & Quintana, 2013). In
addition, HRV is a valuable biomarker for determining stress, health, and cognitive
performance (Thayer et al., 2009; Thayer et al., 2012). Research shows that lower HRV
is strongly correlated to future health problems and all-cause mortality (Dekker et al.,
1997; Tsuji et al., 1994). Low HRYV is also commonly observed in metabolic diseases
such as diabetes (Velcheva, Damianov, Mantarova, & Antonova, 2011) and metabolic
syndrome (Stuckey, Tulppo, Kininiemi, & Petrella, 2014) compared to healthy
individuals. Cardiovascular autonomic neuropathy, a complication common in
individuals with diabetes, is commonly diagnosed using HRV and can be detected before
symptoms manifest (da Silva et al., 2014; Ewing, Campbell, & Clarke, 1976). Further
study has demonstrated that HRV is more severely reduced when hypertension is
concurrent with diabetes (Istenes et al., 2014). A review conducted by Stuckey et al.
(2014), found that generally HRV was reduced in those with metabolic syndrome
although results are often inconsistent depending on methodology. A similar effect on
HRYV is observed in CVDs such as myocardial infarction, heart failure, and hypertension

(Casolo et al., 1991; Kautzner & Camm, 1997). Heart rate variability is also a predictor
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of future cardiac events (Tsuji et al., 1996), hypertension (Mancia et al., 1983), and
mortality following myocardial infarction (Bigger, Fleiss, Rolnitzky, & Steinman, 1993).

In its simplest form, HRV is operationalized by the inter beat interval (IBI)
between adjacent heartbeats averaged over a given period. The IBI is defined as the time
between the upward spike of an R wave using an electrocardiogram (ECG) or the peak in
blood volume pulse signal using photoplethysmograph (PPG) sensors (Schafer &
Vagedes, 2013). At rest, readings from both methods are highly correlated; however,
ECG is more accurate during ambulatory and dynamic measurements because PPG is
unable to accurately detect changes in HR from sympathetic stimulation (Schafer &
Vagedes, 2013). In addition, because sympathetic stimulation causes physiological
adaptations which make it harder to record a clear signal (e.g., stiffening of the arteries
and changes in the elastic properties of heart/muscle tissue), a sampling rate of at least
200 Hz to 1000 Hz is recommended to capture accurate data (Bernston et al., 2007;
Kuusela, 2013). The IBI data recorded using these methods can be interpreted as time
domain measurement of HRV. Alternatively, HRV can be analyzed on a frequency
domain using power spectral density (TFESCNASPE, 1996).

One of the advantages of analyzing HRV on a frequency domain is that the
variance and amplitude of each of the heart’s component rhythms can be observed
individually. The Task Force of the European Society of Cardiology the North American
Society of Pacing Electrophysiology (TFESCNASPE, 1996) divided HR oscillations on a
frequency domain into four main bands. The high-frequency spectrum was between 0.15
and 0.4 Hz which reflects the parasympathetic or vagal activity and is tied to the sinus

arrhythmia caused by the respiratory cycle (Shaffer et al., 2014; Yasuma & Hayano,
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2004). The low-frequency band was between 0.04 and 0.15 Hz and reflects baroreceptor
activity at rest (Malliani, 1995), and the very-low-frequency band was between 0.0033
and 0.04 Hz (TFESCNASPE, 1996). The physiological explanation is not clear; however,
the very-low-frequency has been associated with a number of negative health outcomes
including all-cause mortality (Tsuji et al., 1994), high inflammation (Lampert et al.,
2008), and cardiac arrhythmia death (Bigger et al., 1992). The ultra-low-frequency band
is below 0.0033 Hz and reveals patterns in HR which occur in timeframes of 5 minutes or
greater (Kleiger, Stein, & Bigger, 2005). This frequency band is a strong predictor of
future cardiac events (Tsuji et al., 1994; 1996).

Heart rate variability and physical activity. Regular participation in exercise
promotes physiological adaptations in the central and peripheral mechanisms of the
cardiovascular system (Martins-Pinge, 2011; Michelini & Stern, 2009). As mentioned
previously, Gevirtz (2013) demonstrated the efficacy of a HRV biofeedback method to
use the variations in HR while breathing to improve autonomic functioning by increasing
HRYV in a variety of pathologies. Some authors suggested that the effect was due to a
strengthening of a baroreceptor reflex (Vaschillo et al., 2006; Lehrer et al., 2003), while
others suggested improved vagal communication (Porges, 2011). Exercise is an effective
means of increasing HRV in a variety of diseases (da Silva et al., 2016; Villafaina et al.,
2017) and in a healthy population (Grant, Viljoen, Janse van Rensburg, & Wood, 2012).
The deviation from homeostasis which occurs during exercise may be an important
stimulus for regulating HR compensations via baroreceptors and vagal communication.
Furthermore, athletes, some of the most physically active individuals in the population,

have repeatedly demonstrated healthier HRV profiles than sedentary individuals (Aubert,
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2003). Overall, it is the consensus that physical activity is associated with positive HRV
outcomes (Aubert, 2003; Hallman et al., 2017; Soares-Miranda et al., 2014). Conversely,
individuals who spend a prolonged amount of time sitting suffer reduced HRV (Hallman
et al., 2015). Prolonged sedentary periods are themselves associated with an increased
risk of CVD and mortality (Chrysant & Chrysant, 2015; Lee et al., 2012; Van der Ploeg,
Chey, Korda, Banks, & Bauman, 2012).

Heart rate variability seems to improve with exercise, as those who participate in
sports and physical activity have greater HRV than those who do not (Oliveria, Leicht,
Bishop, Barbero-Alverez, & Nakamura, 2013). Too much exercise however, puts too
much stress on the body resulting in reduced HRV (Kiviniemi et al., 2014). Although
there is limited research on what kind of exercise is better for improving ANS health, a
comparison of HRV in sprinters and endurance athletes yielded similar variability
patterns despite the use of different training methods (Berkoff, Cairns, Sanchez, &
Moorman III, 2007). In a comparison to high intensity interval exercise protocols varying
in interval distance and intensity (2x6x250m @85% max velocity, 2x3x500m @85%
max velocity, and 2x6x250m @105% max velocity) but equal in total work (distance),
differences in HRV were able to distinguish between all three protocols (Kaikkonen et
al., 2012). The HRV was most reduced following exercise with the longest duration
highest intensity period (Kaikkonen et al., 2012). These findings illustrated how the
method of exercise implementation is a variable for the training load on the individual
and that higher intensity exercise does indeed place greater strain on cardiovascular

regulation.

27



THE EFFECTS OF REDUCED-EXERTION HIIT

The effects of exercise on post-exercise HRV have led many authors to study the
use of HRV as a measure of training load (Kaikkonen, Hynynen, Mann, Rusko, &
Nummela, 2010; Kaikkonen et al., 2012). In addition to intensity, time at a given
intensity is also a factor in determining training load. Individuals who performed exercise
at a steady pace for longer periods of time had greater training loads as determined by the
lower post-exercise HRV (Lepretre et al., 2012; Kaikkonen et al., 2010). Moreover,
Kaikkonen et al. (2012) reported that HRV in the MO250 group was not as reduced as
the MOS500 group despite identical intensity. These observations suggested that longer
interval duration with fewer repetitions within a protocol represents a higher training load
than shorter intervals with greater repetitions. To demonstrate this concept, the second
half of a 500 m race is more difficult than the first 250 m because the body is previously
stressed from the first 250 m. Further study is required to determine the effects of long-
term adaptations to autonomic cardiac regulation in different exercise protocols varying
in time and intensity. These findings are pertinent to the effects of HIIT as protocols
where the training load has been reduced, still have the same effects on VOymax as higher
training loads.

Nummela et al. (2010) explored the connection between physiological adaptations
of exercise and the ANS. In the study, 24 sedentary individuals performed steady-state
exercise at 75% of their HRyax. Following 4 weeks of exercise, the participants were then
divided into responders and non-responders based on improvements in VOjpax.
Interestingly, HRV frequencies associated with vagal activity were only improved in
those who also increased their VOomax. Based on these observations, it appears that

exercise and physical activity are essential for maintaining healthy autonomic function.
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Participation in physical activity which puts metabolic stress on the body appears to be an
essential stimulus for healthy ANS function among countless other bodily functions.
Individuals who do not participate in a sufficient amount of physical activity exhibit
poorer indices of HRV, among numerous other negative health outcomes.

Heart rate variability summary. Heart rate variability is a valuable tool for
assessing and identifying many health conditions. The value of this measure is derived
from the interplay between the SNS and PNS within the ANS to govern the heart to meet
the demands of the body (Shaffer et al., 2014). The resultant effect of many pathologies is
dysfunctional ANS regulation of the heart which can be detected through HRV
measurement. Pathologies generally tend to result in an individual having a lower HRV
(Thayer et al., 2012). Research into the relationship between HRV and physical activity
has demonstrated that physical activity plays a role in the regulation of the heart.
Individuals who are physically active, such as athletes, tend to have more favourable
HRYV profiles (Oliveria et al., 2013). In contrast, individuals who are physically inactive
tend to have poorer measures of HRV (Hallman et al., 2015). An unhealthy HRV has
been associated with an increased risk for a number of diseases including CVDs and
diabetes (Tsuji et al., 1996; Velcheva, Damianov, Mantarova, & Antonova, 2011). The
measurement of HRV is not commonly used to measure changes in ANS heart regulation
in HIIT studies or other exercise intervention research. The use of HRV following a
reduced-exertion HIIT protocol would lend valuable information as to whether this form
of exercise is sufficient to elicit healthier HRV measures.

Aerobic capacity. The measure of an individual’s maximal oxygen uptake

(VOimax) during a cardiopulmonary exercise test is the gold standard for evaluating

29



THE EFFECTS OF REDUCED-EXERTION HIIT

cardiovascular function in research, athletic, and clinical settings (Palange et al., 2007).
These tests are also referred to as a VOomax test and use the upper limit of the body’s
capacity to use oxygen during exercise to determine the degree of aerobic fitness, identify
cardiopulmonary pathology, and assess disease risk (Laukkanen et al., 2001). The most
common form of the VOap,y test is an incremental exercise test (IET) to volitional
exhaustion where oxygen extraction of the participant is measured using a gas analyzer
and spirometer (American Thoracic Society, 2003). Maximal oxygen consumption may
also be measured using constant high-intensity exercise tests and indirectly use
submaximal predictive tests (Evans et al., 2015; Noonan & Dean, 2000). The VOpax test
is prevalent across many fields of study and is near universally accepted (Palange et al.,
2007).

The term VOymax was first coined by Hill and Lupton (1923) and is defined as
“the oxygen intake during an exercise intensity at which actual oxygen intake reaches a
maximum beyond which no increase in effort can raise it” (p. 135). Subsequently, the
VOomax test is a measure of the upper limit of the cardiovascular, respiratory, and
musculoskeletal system to extract and use oxygen for energy production (Astrand &
Saltin, 1963). As such, the operationalization of cardiovascular fitness by VOamax
produces a measurable and reproducible parameter of oxygen usage by the body to fuel
exercise. Maximal oxygen consumption is expressed in absolute terms (L/min) or relative
terms (mL/min/kg). The direct measurement of VOanax in a laboratory setting requires
special equipment to measure the ratio of oxygen and carbon dioxide in expired gases. To

conduct these tests, a great deal of physical exertion is required, as the participant must
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perform exercise to exhaustion. To yield the most accurate results, the participant should
continue to exercise past maximal workload, producing a plateau in VO..

A predictive test is a less invasive method of estimating an individual's VOymax.
Predictive tests are intended for use in populations who are not capable of completing
maximal exercise tests to exhaustion such as the elderly, cardiac patients, and those with
abnormal gait patterns (Arena et al., 2007). Alternatively, predictive tests can be a useful
tool when lab equipment is unavailable or to minimize risk to participants. An example of
a predictive test is the Cooper’s run, where a participant must run as far as possible
within a 12 minute time-limit. A predicted VOaimay is then calculated based on distance
covered and post-exercise HR. Another minimally invasive method of conducting a
predictive test is the CAFT step test where VOamay is computed based on the percentage
of age predicted HR at a certain step rate (workload). Many studies have established that
predictive tests are moderately to strongly accurate when compared to laboratory tests
(Evan et al., 2015).

The Ekblom-Bak cycle ergometer test (EB-test) is a novel predictive VOamay test
which estimates aerobic capacity based on changes in HR between two different
workloads (Ekblom-Bak, Bjorkman, Hellenius, & Ekblom, 2014). To conduct the EB-
test, the participant's HR is recorded during the final minute of a 4 minute cycling bout at
two standard workloads, and one higher self-selected workload (Ekblom-Bak et al.,
2014). The changes in HR relative to the change in workload between the two trials is
used to generate an age- and sex-specific VOomax value. Ekblom-Bak et al. (2014)
conducted a 1 week test-retest reliability analysis, using a sample (n=143) of varying

gender, age, and physical activity. The results indicated that the EB-test exhibited high
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test-retest reliability and no statistically significant mean differences in VOymax and HR
between testing time points (Ekblom-Bak et al., 2014). The EB-test demonstrated
superior test-retest reliability compared to the commonly used Astrand cycle ergometer
test, with a 6.2% coefficient of variation (CV) and 9.8% CV, respectively. The study also
observed a strong correlation (=.91) and a moderate correlation (r=.68) for the EB-test
and Astrand test, respectively, to an actual measurement of VO, (Ekblom-Bak et al.,
2014). The overall CV for the EB-test was 9.3% compared to 18.1% for the Astrand test
(Ekblom-bak et al., 2014). These findings indicate that the EB-test is a reliable and valid
instrument for predicting VOxmax and demonstrates higher reliability and validity than the
commonly used Astrand test (Ekblom-Bak et al., 2014).

Upon analysis of the EB-test prediction equation, a strong correlation between the
actual VOymax and the prediction residuals was discovered (p=.41 total, p=.51 in women,
p=.81 in men), indicating that those who achieved a higher VO,max were underestimated
and those achieved the lowest values were overestimated. The EB-test prediction
equation was revised by Bjorkman, Ekblom-Bak, Ekblom, & Ekblom (2016), who used a
larger sample size (n=217) to create the equation and a cross-validation group (n=115). A
new equation using forward multiple regression was used based on the larger sample,
which was internally validated with an actual VO,may test and subsequently, externally
validated by the cross-validation group (Bjorkman et al., 2016). A comparison group
consisting of only those from the cross-validation and those who also met the
prerequisites for the Astrand test completed the Astrand test, and both the original and
revised EB-test. The revised EB-test prediction equation demonstrated less error than the

previous equation, with an 8.4% CV in men and 9.2% CV in women, accounting for 91%
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of the adjusted variance in the overall sample (Bjorkman et al., 2016). The revised EB-
test equation in the cross-validation sample accounted for 90% of the variance, and the
CV was 8.3% for men and 10% for women (Bjorkman et al., 2016). In the comparison
group, the revised EB-test equation had a lower error than the previous equation and the
Astrand test.

Aerobic capacity as a measure of health. Aerobic capacity, or exercise capacity,
is a strong predictor of overall health and risk aversion for cardiometabolic diseases.
Myers et al. (2002) examined men with an abnormal cardiovascular exercise test and/or a
history of CVD (n=3,679) against men who had normal test results and/or no history of
CVD (n=2,534). The longitudinal study evaluated participants after a mean follow up
time of approximately six years. During this time, there were 1,256 deaths, and on
average the mortality group was older, had lower maximal HRs, greater systolic BP,
greater diastolic BP, and lower exercise capacity (Myers et al., 2002). When adjusting for
age, the exercise capacity was the strongest predictor of mortality in both the abnormal
and healthy groups (Myers et al., 2002). The regression analysis revealed a 12% mortality
risk reduction for each 1-MET, equivalent to a VOxpax of 3.5 ml/kg/min, in both groups
(Myers et al., 2002).

These results were confirmed by Kokkinos (2004) who discovered an asymptotic
relationship between exercise capacity and mortality following a seven year longitudinal
study. A sample of 15,660 male veterans were divided into an abnormal test results
and/or CVD history and a normal result void of CVD history group. Again, it was
reported that exercise capacity was the strongest predictor of mortality; a logistic

regression analysis revealed a 13% mortality reduction for every 1-MET increase
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(Kokkino et al., 2004). Similar conclusions were reached by Kaminsky et al. (2013) and
Kokkinos and Myers (2010) which helped solidify the inverse relationship between
energy expenditure and mortality. Kokkinos et al. (2004) and Myers et al. (2002) reported
that exercise capacity was equally as strong at predicting mortality regardless of CVD
history. Although exercise capacity has been independently associated with CVD risk
(Kodama et al., 2009), interestingly, additional CVD risk factors or a history of CVD
does not increase the risk of mortality, indicating that the consideration of an individual’s
specific CVD risk factors may not be better at predicting mortality than exercise capacity
alone. Thus, the relationship between exercise capacity and mortality is independent of
CVD history.

Resting heart rate. Simple measures of cardiovascular function such as resting
HR, resting BP, and HRV are among those considered to be simple yet strong indicators
of cardiometabolic health (Hanley et al., 2002). Resting HR is a method, like HRV, of
determining ANS function and balance of the CNS (Lahiri, Kannankeril, & Goldberger,
2008). An elevated resting HR is associated with increased SNS activity and decreased
PNS activity (Lahiri et al., 2008). A high RHR has also been shown to be independently
associated with developing metabolic syndrome (Hanley et al., 2002; Rogowski et al.,
2009). Furthermore, increases in resting HR over a 2 year span were able to predict the
incidence of diabetes 10 years later (Kim et al., 2017). Liu et al. (2016) found a linear
relationship between resting HR and the risk of metabolic syndrome; for every 10 beats-
per-minute increment, the risk of metabolic syndrome increased by 28%. Due to the

interrelatedness of cardiometabolic diseases, measures of cardiovascular function which
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indicate dysfunction of the ANS, should be taken into consideration when assessing the
risk of cardiometabolic disease.

Resting blood pressure. Resting BP is another simple measure, which can be
used to evaluate ANS function and predict cardiometabolic disease. Elevated SNS
activity induced by obesity is one proposed cause of hypertension (Elser et al., 2006;
Landsberg, 2004). Although there are many reasons for increasing BP, the association
between adiposity and hypertension has been well documented (Kotsis et al., 2005;
Rahmouni, Correia, Haynes, & Mark, 2005). Comorbidities, obesity, and hypertension
have been shown to increase the risk of a cardiovascular event (Landsberg et al., 2012).
New evidence has shown that insulin sensitivity is a potential moderator for hypertension
(Zhang et al., 2016). Obese individuals with insulin resistance are more likely to develop
hypertension than those who are more insulin sensitive (Zhang et al., 2016).

Literature Review Summary

Despite the necessity of physical activity for regulation of a variety of essential
bodily functions, preventing disease, and staving off mortality, the majority of individuals
fail to meet weekly exercise recommendations due to a lack time (Colberg et al., 2011;
Colley et al., 2011; CSEP, 2013; Hallal et al., 2012; Haskell et al., 2007; Reichert et al.,
2007; Stutts, 2002). Physical inactivity and sedentary behaviours resulting in a
diminished exercise capacity are a major public health concern (Lee et al., 2011). High-
intensity interval training is a time-efficient alternative or adjunct to MICT (Batacan et
al., 2017; Jelleymen et al., 2015; Weston et al., 2013); although, many existing protocols
are perceived as too intense and time-consuming for a physically, inactive populations to

perform (Gibala & Howley, 2009). Additionally, these protocols are not based in any
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physiological merits; shorter and less frequent intervals provide a comparable or better
increase in VOomax than traditionally used HIIT (Vollaard & Metcalfe, 2017; Vollaard et
al., 2017). Therefore, the effects of a reduced-exertion HIIT on cardiovascular and
metabolic risk factors should be made evident so as to provide justification for the
recommendation of this protocol.
Research Question

The following research question was used to guide this study:
What are the effects of 6 weeks of reduced-exertion HIIT on anthropomorphic measures
(body mass, body fat %), cardiovascular health (resting HR, HRV, resting BP), metabolic
health (fasting blood glucose), and physical fitness (predicted VOamax, peak power, mean

power) in healthy but physically inactive individuals?
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Chapter 3 - Methodology

Participants

Participants were defined as physically inactive by scoring in the low category on
the International Physical Activity Questionnaire (IPAQ; Craig et al., 2003) and were
deemed as healthy to participate in exercise by the Get Active questionnaire (Appendix
A). Participants were excluded if they had a personal history of cardiovascular,
metabolic, or neurological disease (e.g., previous cardiac event, T2D, metabolic
syndrome, Parkinsons Disease, Alzheimer’s Disease). Participants were also be excluded
if they had hypertension (>140/90 mm/Hg), were a current smoker, taking medications
for hormone replacement therapy, glycemic control, or cardiovascular conditions, or for
any other reason that would prevent them from completing the testing procedures or
intervention (e.g., musculoskeletal injury).
Participant Recruitment

Ethical approval was obtained from the Lakehead University and Thunder Bay
Regional Health Sciences Centre Research Ethics Board. A combination of convenience,
purposive, and snowball sampling was used to recruit 9 participants (6 women, 3 men)
for this study. Potential participants were recruited through postings on Facebook or were
informed of the study by directly speaking to individuals currently attending Lakehead
University, or residents of Thunder Bay, Ontario. Posters and information handouts were
also distributed at Lakehead University and at several workplaces around the city
(Appendix F and G). These workplaces were selected by direct communication with
potential participants. The researcher briefly explained the purpose of the study to

prospective participants and how it benefited present and future research. Individuals who
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decided to participate were given an information letter and eligibility questionnaire. Upon
completion of the questionnaire, eligible participants were asked to fill out an informed
consent form and the IPAQ (Appendix C), Get Active Questionnaire (Appendix A), and a
maximal effort test form (Appendix B) before the commencement of any testing
procedures.
Experimental Design

This study used a single group pre-test post-test repeated measures quasi-
experimental design with a 2 week run-in period. All participants were assessed at three
time points (baseline, pre-test, and post-test) and were completed within 1 week at
approximately the same time of the day. A run-in period consisting of 2 weeks before
pre-testing in which participants were instructed not to deviate from their normal lifestyle
was used to establish baseline physiological values to be used as a control. During the
run-in and treatment periods, participants were sent biweekly e-mails to remind them of
the influence of confounding variables such as changing their diet and physical activity
level. During each of the testing times, participants were assessed for body mass, body fat
%, resting HR, resting BP, resting HRV, predicted VOymax, lower body power, and
fasting blood glucose. Participants who exhibited significant lifestyle changes were
excluded from the primary data analysis on a case by case basis although all participants
were included in the ITT analysis. Post-test was conducted at least 24 hours to up to 1
week following the completion of the intervention. Changes in group means between the
pre-test and post-test as well as the baseline and pre-test compared to post-test time points

were used to evaluate the effect of the treatment.
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Run-in period. The 2 week run-in period allowed participants to be their own
controls foregoing a control group to allow greater recruitment to the treatment group.
During this time, participants did not receive any treatment and were given the same
instructions concerning the influence of confounding variables as a result of significant
lifestyle modifications. Participants were sent bi-weekly e-mails to check in with
participants to record any protocol deviating behaviours and to gently remind them to
maintain their normal lifestyle from before the start of the study. A protocol deviating
behaviour was defined as any behaviour that could potentially influence the results of any
of the current testing measures or a behaviour that considerably deviated from normal
lifestyle behaviour. Protocol deviating behaviours included engaging in an amount of
exercise that would no longer define the participant as physically inactive or sedentary
(for more than 1 week), a change in diet which would significantly increase or decrease
sugar intake, and starting a weight loss program. Protocol deviation was monitored
through e-mail and direct correspondence with the participants during the data collection
period.

Testing Procedures

All testing and exercise was completed in the School of Kinesiology exercise
physiology lab (SB-1025) at room temperature (19° C) and at approximately the same
time of day. Participants were instructed to refrain from consuming caffeine 6 hours
before testing (Bell & McLellan, 2002; Ryu et al., 2001), and were verbally instructed on
potential dietary caffeine sources to avoid. Participants were asked to avoid vigorous
physical activity 24 hours before testing and refrain from food or drink at least 1 hour

prior. Vigorous intensity physical activity was defined as physical activity in which the
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HR substantially increased, body temperature increased, and the individual was not able
to say more than a few words before taking a breath (CSEP, 2013). This degree of
exercise intensity corresponded to a perceived exertion of 7 to 9 out of 10 on the original
Borg scale (Borg, 1998; CSEP, 2013). Participants who failed to comply with these
standards were rescheduled to a later date less than seven days after the completion of the
treatment.

Body mass. For this study, body mass was measured at all three time points
(baseline, pre-, and post-test) to observe changes in participants that could indicate a
deviation from normal lifestyle behavior. If a participant significantly changed his/her
body mass between time points, it may have been a reason for exclusion from the data
analysis as he/she may have engaged in a weight loss program. Significant body mass
changes were red flags for protocol deviation because it was not consistent in the
literature for this volume of exercise to result in significant anthropomorphic changes. All
testing was conducted at approximately the same time of day for each participant to
control for daily body mass fluctuations. When the participant arrived at the lab (SB-
1025), he/she was instructed to remove his/her shoes and any excess clothing and then to
step on the same calibrated digital scale to have his/her body mass recorded (kg).

Body fat percentage. Body fat % was estimated by using bioelectrical impedance
with an OMRON HBF-306CAN fat loss monitor (Burlington, ON). The researcher
inputted the participant’s height (cm), body mass (kg), age, and body type into the
bioelectrical impedance device. The participant then removed any additional clothing and

any large metal jewelry (e.g., metal band watches). He/she then held the device ensuring
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adequate skin coverage of the metal surfaces; the researcher then began the measurement
and recorded the results.

Heart rate variability. A time-domain measurement of HRV was assessed by
three lead ECG and processed by ADInstruments© HRV module using the LabChart© 9
interface. Heart rate variability was operationalized by the standard deviation of the
average R to R interval (ms) of normal heartbeats (SDRR) and, additionally, as the root
mean squared of successive differences between normal heartbeats (RMSRR). Ectopic
beats were excluded. Once the ECG was connected, the participant then laid on a
massage table in a supine position for 5 minutes then the 10 minute data collection period
began. The participant was instructed to relax and breathe at a consistent and comfortable
rate for the data collection period and to avoid any unnecessary movement while the
researcher left the room.

Resting heart rate. Resting HR was operationalized by the mean HR during a 10
minute resting period in a supine position. This data for resting HR was extracted using
the same procedures for HRV measurement.

Resting blood pressure. An auscultatory measurement of resting BP was taken
using the Korotkoff method with an aneroid sphygmomanometer (AMG Medical Inc.,
Montreal, QC) and a stethoscope (AMG Medical Inc., Montreal, QC). Guidelines by
Pickering et al. (2005) were modified to have the participant lying in a supine position.
Some factors have been identified as influencing BP measurement including room
temperature, exercise, alcohol, and nicotine, arm/body position, muscle tone, bladder
distension, talking, and background noise (Pickering et al., 2005). Participants were

instructed not to consume alcohol or nicotine as well as to avoid exercise before testing to
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control for potential confounding variables. Participants were also instructed to remove
any clothing that covered the location of the cuff placement and to remain supine with the
legs uncrossed for at least 10 minutes before the first reading was taken (Pickering et al.,
2005). Participants remained in a supine position for at least 15 minutes before their BP
was recorded as this took place following the HRV measurement. Additionally, the
researcher instructed the participant not to talk during the measurement as this could
cause measurement error. A second reading was taken 1 minute apart to confirm the
results of the first reading.

Predicted aerobic capacity. The predicted VOamax 0f each participant was
determined by the EB test (Ekblom-Bak et al., 2016), using a Monark 828E mechanically
braked cycle ergometer (Vansbro, Sweden). The EB-test began by the participant cycling
for 4 minutes at a standard work rate of 0.5 kp (the same for all participants) and pedaling
at 60 rpm. During the final minute, HR was recorded every 15 seconds (four total) to
produce a mean HR for that workload. After a 2 minute rest period, the participant was
asked to self-select a higher work rate which corresponded to an RPE of 14 (Borg, 1998).
Then a second 4 minute bout was performed at the higher work rate repeating the same
procedure for recording the HR. The predicted VOamax Was then calculated based on age,
sex, and relative changes in HR and work rate. The revised Ekblom-Bak equation is the
natural logarithm of [VO;max men = 2.04900 - 0.0058*(age) -
0.90742*(AHR/AWorkload) + 0.00178*(AWorkload) - 0.00290*(HR at standard
workload); VOimax women = 1.84390 - 0.00673*(age) - 0.62578*(AHR/AWorkload) +

0.00175*(AWorkload) - 0.00471*(HR at standard workload)] (Bjorkman et al., 2016).
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Anaerobic power. Participants had their peak and mean power assessed at
baseline, pre-, and post-test as an additional parameter to identify if the protocol elicited a
change in lower body power. As a secondary research purpose, anaerobic power was
measured to determine if a relationship existed between anaerobic power and aerobic
capacity. Anaerobic power was assessed using a 15 second maximal exertion cycle
ergometer sprint using 7.5% resistance of body mass (kg) on a mechanically braked
Monark 894e cycle ergometer (Vansbro, Sweden). The seat height was adjusted for each
individual so that when seated there was a slight bend in the knee when the pedal was in
the lowest position. The participant was also instructed to remain seated for the duration
of the test. Testing commenced 5 minutes after the predicted VOamax test, although
participants could take more time, if required. Before the first test each participant
performed a familiarization trial to mitigate the learning effect of the weight basket drop
which was particular to the type of cycle ergometer used.

Fasting blood glucose. Fasting blood glucose was assessed at baseline, pre-, and
post-test. The participant arrived at the lab in the morning, following a 10 hour fast,
during which time he/she was instructed not to ingest anything by mouth except for
water. For example, the fasting period consisted of a 10 hour window following the
participant’s last meal of the day and before their first meal the following morning (e.g.
bedtime snack 10 p.m., fasting BG measurement after 8 a.m. the next day). Upon arrival
at the lab, the compliance of the 10 hour fast was confirmed. In the event of
noncompliance, the test was rescheduled within 7 days of the original test day. To obtain
the sample, the participant was positioned in a seated position and then a fingertip of

his/her choosing was sanitized. The participant then self-administered a finger prick to
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collect a capillary blood sample. The lancet containing the blood sample was then
inserted into a Bayer Contour® Next glucometer (Mishawaka, IN) to record the fasting
blood glucose (mmol/L).
Intervention

All participants completed 6 weeks of a supervised reduced-exertion HIIT
protocol using the protocol as described by Metcalfe et al. (2012) and Metcalfe et al.
(2016; Table 1), following a 2 week run-in period. The protocol was performed on either
a Monark 894E or 828E cycle ergometer (Vansbro, Sweden). Participants were required
to complete three 10 minutes sessions per week (18 sessions), with an adherence rate of
at least 75% (14 of 18 sessions) for inclusion into the secondary data analysis. All
participants were included in the primary analysis, using the intent to treat (ITT)
principle. The participant wore a HR monitor to provide feedback on the level of
intensity (FT2, Polar® Electro Canada, Lacine, QC). Each participant’s HR,,x was based
on an age predicted maximum using the Tanaka method (HR,,x=208-0.7 *age; Tanaka,
Monahan, & Seals, 2001). During high-intensity sprints, the participant was encouraged
to achieve a HR of at least 85% of HR.x and maintain an intensity between 50% and
75% of HRyax during active recovery. Each participant was given a card with written and
visual instructions with the target HR ranges (Appendix D). Due to the latency period
between the initiation of activity and compensatory action of the heart, feedback based on
HR for sprints was only given as a guideline. The participant was verbally instructed to
elicit an intense or all-out effort and manually increase the pedal resistance between 5-
7.5% body weight resistance (Metcalfe et al., 2012; 2016). During active rest, the

participant was instructed to maintain a comfortable pace with the intent to sufficiently
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recover within the allotted time to perform the subsequent sprint at maximal effort

without pacing due to fatigue. The participant was permitted to exercise below the

controlled intensities during the recovery periods should they experience any discomfort,

nausea, or dizziness. Each training session consisted of a 3 minutes low-intensity (50-

70% of HRnax) warm-up and cool-down and one (1% session only) or two (all other

sessions) high-intensity cycling sprints (>85% of HRmax). The duration of the sprints was

10 seconds in week one, 15 seconds in weeks two and three, and 20 seconds in weeks

four to six. There was 3 minutes and 40 seconds of active rest between the first and

second 10 seconds interval. For subsequent weeks, when the interval time increased to 15

and 20 seconds, active rest time reduced to 3 minutes and 30 seconds, and 3 minutes and

20 seconds, respectively, to allow all sessions to be equal in duration (Table 1).

3 sessions Time (Min)
per week 0-1 ] 1-2[2-3[3-4]4-5]56[6-7]7-8]8-9]0-10
1 : : : : 5:00 - 5:10 : : :
oweso o Jeere
Sessions 4-9 3:00- 3:15 6:45 — 7:00
— 300_320 .......................... 640_700 .......................
Low intensity warm up Sprints and low intensity recovery Low intensity cool down

l = High intensity sprints

Table 1. This table shows the progression of sprint times over the duration of the exercise

protocol.

Lifestyle management. To aid in controlling for the potential confounding

variables which arise from individuals deviating from their normal lifestyle, e-mail

reminders, and short questionnaires were sent out bi-weekly to participants. This

correspondence was meant to encourage participants to maintain a normal lifestyle and
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refrain from making lifestyle changes that could potentially influence the outcome of the
study. Participants were informed of the potential influence deviant behaviours could
have on the results of the study in hopes of encouraging cooperation. Such changes
included adopting a new diet, adding a new supplement/ergogenic aid into a diet, or
starting a new exercise routine. The correspondence between the researcher and
participants was used to determine if the participants had engaged in any behaviour
deviating from the protocol.
Data Analysis

The primary data analysis followed the ITT principle. The concept of the ITT
principle, is to perform the analysis based on the group the participant was randomized to
irrespective of noncompliance, protocol deviation, or withdrawal (Gupta, 2011).
Although the study was not a randomized controlled trial, the purpose of the use of the
ITT concept was to replicate real world conditions, improving the external validity. All
data were analysed using the Statistical Package for the Social Sciences® Version 24
(SPSS Inc., Chicago, IL). Measures of centrality and spread were presented as means +
standard deviations.

All dependent variable data were assessed for normality, sphericity, and
significant outliers. The differences in group means between assessments (baseline, pre-,
and post-treatment) periods for body mass, body fat %, resting HR, resting systolic BP,
resting diastolic BP, SDNN, RMSSD, predicted VOamax, peak power, mean power, and
fasting blood glucose (Table 2), were analyzed using a one-way repeated measure
analysis of variance (ANOVA). A planned comparison post-hoc test was conducted to

analyze the individual group mean differences which achieve a significance of p<.035.
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The planned comparisons included comparisons between baseline and pre-test, pre-test
and post-test, and baseline and post-test. A two-tailed alpha level of .05 was split to

.01667 for the three planned comparisons.
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Table 2. This table shows the variables and units used to measure the effects of the

exercise protocol.

Category Variable Units
Anthropomorphic measures Body mass kg
Body fat % %
Cardiovascular health Resting HR bpm
Resting HRV - SDNN ms
Resting HRV - RMSNN ms
Resting BP - Systolic mm/Hg
Resting BP - Diastolic mm/Hg
Physical fitness Predicted VOomax L/min
Peak power Wikg
Mean power Wikg
Metabolic health Fasting blood glucose mmol/L
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Chapter 4 - Results

Nine participants (3 males and 6 females) with an average age of 27.84+6.6 years
participated in the study. All participants met the minimum amount of training sessions
(14 out of 18); only one participant completed all 18 training sessions, with a mean
adherence rate of 16 out of 18 sessions (89%). All participants maintained similar
physical activity habits and did not engage in any meaningful deviations from the study
protocol, as indicated by the responses to the bi-weekly surveys.

What are the effects of a reduced-exertion HIIT protocol on anthropomorphic
measures, cardiovascular health, metabolic health, and physical fitness in physically
inactive individuals?

A repeated measures ANOVA was used to detect changes in participants before
and after a 2 week run-in period (baseline and pre-test) and again following 6 weeks of
exercise (post-test). All data were evaluated against the assumptions of the repeated
measures ANOVA test. The assumptions of sphericity and normality were evaluated by
Mauchly’s Test of Sphericity and the Shapiro-Wilk Test, respectively. The presence of
outliers at each time point was evaluated using boxplots; data points greater than 1.5
standard deviations away from the mean were considered outliers. Outliers were left in
the data unless they were legitimate measurement errors. All data met the assumptions of
the repeated measures ANOVA at a level of a=.05, unless subsequently noted.

The data for body mass and body fat % contained one outlier at each time point,
which was not removed as these outliers were considered to be genuinely unusual data
points considering the small sample size. The resting HR data had an outlier at the pre-

test time point, which was removed to meet the assumption of normality as it would not
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have a meaningful effect on the result of the test. The data for mean power had two
outliers. The same participant had an outlier at the baseline and the post-test time point,
respectively; the outliers were removed because the participant did not sufficiently adhere
to the test protocol.

Anthropomorphic Measures

The assumption of sphericity was not met for measurements of body mass (kg), as
assessed by Mauchly's Test of Sphericity, ¥2(2)=7.19, p=.027. Epsilon (¢) was .61, as
calculated according to Greenhouse and Geisser (1959), and was used to correct the one-
way repeated measures ANOVA. The reduced-exertion HIIT protocol did not elicit
statistically significant changes in body mass over time, F(1.22, 9.74)=1.27, p=.30, with
body mass increasing from baseline (M=83.46, SD=9.21 kg) to pre-test (M=83.78,
SD=9.21 kg) to post-test (M=84.04, SD=9.45 kg).

The assumption of sphericity was not met for the body fat % data, as assessed by
Mauchly's Test of Sphericity, ¥2(2)=7.55, p=.023. Epsilon was .60, as such a Greenhouse
and Geisser (1959) correction was applied to the data. The reduced-exertion HIIT
protocol did not elicit statistically significant changes in body mass over time, F(1.20,
9.64)=91, p=.38, with body fat % decreasing from baseline (M=28.94, SD=3.27%) to
pre-test (M=28.06, SD=3.63%) to post-test (M=27.51, SD=3.08%).

Cardiovascular Measures

The exercise intervention did not elicit statistically significant changes in SDNN

time, F(2, 14)=.24, p=.79, with SDNN slightly decreasing from 58.95 + 6.18 ms at

baseline to 57.67 + 8.04 ms at pre-test, and increased to 64.37 + 5.52 ms at post-test.
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The exercise intervention did not elicit statistically significant changes in RMSSD
over time, F(2, 14)=1.02, p=.39, with RMSSD increasing from 50.07 + 7.91 ms at
baseline to 69.08 + 16.83 ms at pre-test and increased to 69.98 + 13.12 ms at post-test.

The reduced-exertion HIIT protocol did not elicit statistically significant changes
in RHR over time, F(2, 12)=.74, p=.50, with RHR decreasing from 70.58 £+ 3.51 bpm and
70.73 £ 2.47 bpm at baseline and pre-test, respectively, to 66.04 + 1.51 bpm at post-test.

Resting systolic blood pressure decreased over time, F(2, 16)=7.85, p=.004,
partial n2=.50, decreasing from baseline (M=121, SD=2 mm/Hg) and pre-test (M=117,
SD=3 mm/Hg) to post-test (M=115, SD=2 mm/Hg) as shown Figure 1. Planned contrasts
showed that there was a statistically significant decrease from baseline to post-test
(p=.004) with a mean difference of -5, 95% CI [-10, 1] mm/Hg. Planned contrasts
between baseline and pre-test and pre-test and post-test revealed no statistically
significant differences. There was a mean difference of -4, 95% CI [-10, 1] mm/Hg
(p=.05) between baseline and pre-test and a mean difference of -1, 95% CI [-5, 2]

mm/Hg (p=.24) between pre-test and post-test.
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Resting Systolic Blood Pressure
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Figure 1. Boxplot, including outliers of resting systolic blood pressure. This figure shows

the marginal mean estimates of resting systolic blood pressure over time.

The exercise intervention did not elicit statistically significant changes in diastolic
blood pressure over time, F(2, 16)=1.65, p=.22, with diastolic blood pressure decreasing
from 72 + 2 mm/Hg at baseline to 70 + 2 mm/Hg at pre-test and decreased further to 69 +
2 mm/Hg at post-test.

Physical Fitness

The reduced-exertion HIIT protocol elicited statistically significant changes in
predicted VOomax over time, F(2, 16)=6.33, p=.009, partial n2=0.44, increasing from
baseline (M=2.67, SD=.21 L/min) and pre-test (M=2.69, SD=.22 L/min) to post-test

(M=2.84, SD=.18 L/min) as shown in Figure 2. Planned contrasts showed there was no
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statistically significant difference in VOamax between baseline and pre-test (p=.49) with a
mean difference of .02, 95% CI [-.06, .10] L/min. There was also no statistically
significant difference between pre-test and post-test (p=.03) with a mean difference of
.15, 95% CI [-.03, .33] L/min. There was also no statistically significant mean difference
between baseline and post-test (p=.03) with a mean difference of .17, 95% CI [-.02, .36]

L/min.

VO2max Absolute

4.0

15

3.0

L/min

15

20

Baseline Pre-test Post-test

Figure 2. Boxplot of the estimated marginal means of predicted VOamax.

Peak power statistically significantly increased over time, F(2, 16)=10.84,
p=.001, partial n2=.58, with peak power increasing from baseline (M=6.92, SD=.40
W/kg) and pre-test (M=7.02, SD=.40 W/kg) to post-test (M=7.71, SD=.43 W/kg) as
shown in Figure 3. Planned contrasts revealed that there was no difference in means of

peak power between baseline and pre-test (p=.64) with a mean difference of .10, 95% CI
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[-.54, .75] W/kg. There was a statistically significant mean difference between pre-test
and post-test (p=.002) of .68, 95% CI [.22, 1.14] W/kg. There was also a statistically
significant mean difference in planned comparison between baseline and post-test

(p=.002) of .79, 95% CI [.25, 1.32] W/kg.

Peak Power

10

‘Watts/kg

Baseline Pre-test Post-test

Figure 3. Boxplot of estimated marginal means of peak lower body power over time.

The reduced-exertion HIIT protocol elicited a statistically significant increase in
mean power over time, F(2, 14)=20.89, p=.00006, partial n2=.75, with peak power
increasing from baseline (M=5.73, SD=.27 W/kg) and pre-test (M=5.78, SD=.30 W/kg)
to post-test (M=6.60, SD=.27 W/kg) as shown in Figure 4. Planned contrasts showed that
there was no difference in mean power between baseline and pre-test (p=.80) with a
mean difference of .04, 95% CI [-.44, .52] W/kg. There was a statistically significant

mean difference between pre-test and post-test (p=.0004) of .82, 95% CI [.41, 1.23]
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W/kg. There was also a statistically significant mean different planned comparison

between baseline and post-test (p=.001) of .86, 95% CI [.35, 1.38] W/kg.

Mean Power

Watts/kg

Baseline Pre-test Post-test

Figure 4. Boxplot of the estimated marginal means of mean lower body power over time.
Metabolic Health

The exercise intervention did not elicit statistically significant changes in fasting
blood glucose over time, F(2, 12)=1.28, p=.31, with fasting blood glucose decreasing
from 4.84 + .15 mmol/L at baseline to 4.59 & .18 mmol/L at pre-test and increased to 4.71

+ .14 mmol/L at post-test.
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Chapter 5 - Discussion

In the present study, a 6 week high-intensity training protocol designed to
minimize time commitment (30 minutes per week) improved peak power, mean power,
and predicted VOamay in physically inactive individuals. This study extended the previous
literature showing the beneficial effects of HIIT despite a reduction in the number of
sprints, and overall volume while still maintaining positive health effects. The current
weekly exercise guidelines adopted almost universally by health organizations included
150 minutes of moderate-intensity or 75 minutes of vigorous-intensity exercise (in bouts
of 10 minutes or more). According to accelerometer data, only 15% of Canadians meet
weekly exercise guidelines, most commonly due to a lack of time. This protocol elicits
health benefits despite an 80% reduction in time commitment compared to the moderate-
intensity recommendation, yet has the same perceived exertion on the modified Borg
scale (somewhat hard, or 14; Borg, 1998) as moderate intensity exercise (50-75%
VOumax). From an epidemiological perspective, those who are the least physically active
are disproportionately at greater risk for chronic disease. In terms of public health benefit,
the greatest gain in chronic disease avoidance, would be to get those who are sedentary to
do a minimal amount of exercise.

It would be difficult to argue that exercise does not have a positive health effect;
however, a major societal health concern are chronic diseases fostered by a lack of
physical activity. In general, more exercise within reason, is better, but based on
observations of societal behaviours, a recommendation for more exercise is not likely to
be adhered. One goal this research aimed to accomplish was to determine a minimal

amount of exercise required to elicit health benefits in a physically inactive population.
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The effects of minimal amounts of high-intensity in a reduced-exertion HIIT protocol in
this study and in other works, help posit a minimal exercise recommendation. This may
improve adherence to exercise if small amounts of exercise are perceived as beneficial
rather than a waste of time.

In previous works by Metcalfe et al. (2012; 2016) which used a reduced-exertion
HIIT protocol, sedentary men and women improved VOamax despite no changes in
anthropomorphic measurements such as body mass, BMI, and body fat %. One key
difference is this study is that in place of an incremental exercise test to exhaustion, a
predictive test was used due to equipment failure. This study observed a statistically
significant mean increase in predicted VOamax over time. Predicted VOymax increased
6.8% from pre-test to post-test and 7.5% from baseline to post-test, although it did not
reach statistical significance in the post hoc analysis despite having a large effect size
(partial n2=.442). This result can be attributed to the added variance from using a
predictive VOomax test and the statistical test being underpowered due to the small sample
size. There is a higher margin for error inherent to any predictive test, which is the
product of the means of prediction rather than not observing the measurement in its
purest form. The improvement in predicted VOomax due to the intervention was likely
diluted by the added variance from the predictive test and was therefore not able to detect
significant differences in the post hoc.

Metcalfe et al. (2016) observed a 15% and 12% increase in VOopmax in men and
women, respectively. While similar observations were made in Metcalfe et al., (2012)
who showed an ~10% increase and Cuddy et al., (2019) who saw a 12% increase in both

men and women. Other studies which have examined the effects of similar amounts of
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exercise have also observed comparable improvements in VOomax (Allison et al., 2017;
Gillen et al., 2016; Jenkins et al., 2019). In all studies which implemented reduced-
exertion HIIT the IPAQ was used to determine if the participant was physically inactive.
As a result, this tool was able to allow the recruitment of participants with similar VOamax
compared to previous works. The mean predicted VOamax 0f participants recruited here at
baseline (2.7 L/min or 33.6 ml/kg/min) was similar to those recruited in Metcalfe et al.
(2016) which observed 2.5 L/min and Metcalfe et al. (2012) which observed 36.3
ml/kg/min and 32.5 ml/kg/min in men and women at pre-test in the HIIT group,
respectively. Although the participants recruited here appear to be in similar aerobic
physical fitness to those recruited in previous works, it is possible that the method of
prediction was not accurate for this sample and the participants’ physical fitness was in
fact higher than what was measured. Therefore, this protocol was not sufficient to elicit
changes in VOamax.

Another possible explanation for the lack of significant change in VOamax is due
to individual differences resulting in non-responders in the sample. Of the nine
participants, all but one improved VOamax, Who exhibited a 1.6% decrease. Previous
literature demonstrated that a certain percentage of a population will not respond to
specific physiological adaptations following exercise (Vollaard et al., 2009). In a sample
of this size (n=9), it would not take many non-responders to have an impact on the results
of the data. The participant who decreased their VOomax started with the highest VOamax
relative to body mass but was physically inactive and was an admitted non-exerciser.
Perhaps for this individual, the prescribed exercise protocol was not sufficiently

demanding to elicit a change in VO,max, and the decrease we observed was likely due to
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measurement error (fluctuations in the prediction). One study described an interesting
phenomenon in which only participants who increased VOamax also improved high
frequency power measurement of HRV despite identical training load as determined by
HRYV post-exercise (Nummela et al., 2010). Physiological adaptations are complex and
are not uniform across the population. It is possible that those with different biological
makeups (e.g., muscle fibre type or anatomical variations) will respond differently to
metabolic stimulus.

Glycemic control adaptations to exercise are important physiological changes that
may not be uniform across the population. Up to 40% of the population has been reported
to be a non-responder for changes in insulin sensitivity following exercise (Vollaard et
al., 2009). Although our sample did not exhibit elevated fasting blood glucose, it is
unlikely we would not have detected any change with our sample size if it contained 40%
non-responders. Esbjornsson-Liljedahl et al. (2002) described a phenomenon where
women break down 50% less muscle glycogen compared to men during a Wingate Test.
These sexual dimorphisms in glycogen breakdown may be responsible for the lack of
change in insulin sensitivity observed here due to the sample being predominantly
women (n=6) and in other similar studies (Jenkins et al., 2019; Metcalfe et al., 2012;
2016). A review by Jelleyman et al. (2015) concluded that HIIT improved insulin
sensitivity, although the total amount of exercise volume performed in those studies
exceeded a reduced-exertion protocol. It is difficult, especially with glycemic control, to
reliably detect these adaptations even with the most methodologically sound design.
Godkin et al. (2018) examined the effect of minimal amounts of high-intensity stair

climbing on metabolic health in a population with T2D. Despite the participants being
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diabetic, physically inactive, and controlling dietary intake, no change in 24 hour blood
glucose level was observed. This protocol had a duration of 6 weeks which is a similar
duration to many others, but may not be long enough for these adaptations to develop.
Only Gillen et al. (2016) examined a protocol similar to reduced-exertion HIIT over a
long enough duration (12 weeks) to detect improvements in insulin sensitivity.

Participants recruited in this study on average did not exhibit an elevated fasting
blood glucose. Only one participant on one occasion showed an elevated fasting blood
glucose (>5.6 mmol/L). Therefore, changes in these levels may not necessarily represent
an improvement in metabolic health. The glucose clamp technique is a more appropriate
test for measuring changes in glucose and insulin functioning in individuals who do not
exhibit unhealthy fasting blood glucose levels. The glucose clamp technique is a more
dynamic test that can evaluate insulin sensitivity or glucose uptake of the whole body
(DeFronzo, Tobin, & Andres, 1979). In contrast, the fasting blood glucose test only
provided a single snapshot of blood glucose levels, which may have not provided a
detailed enough account of an individual’s metabolic health (primarily represented the
hepatic output of glucose). It would have been more appropriate to use a glucose clamp
test, as these are the gold standard in glycemic function; however, it was not feasible to
use the glucose clamp in the current study. Using this test in the present study would have
been cost prohibitive for a masters project as there was no funding to pay for blood work.
In addition, using a measurement that requires a phlebotomist would also incur further
scheduling and recruitment problems.

The 30 second Wingate Test is considered the gold standard for measuring

anaerobic fitness (Bar-Or, 1987). To measure the change in anaerobic fitness, a 15 second
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maximal cycle sprint was used, which replicated the sprint duration and resistance used
during weeks two and three of the exercise protocol. A significant increase in peak power
and mean power was observed with large effect sizes (partial n2=.575 and .749),
respectively. Based on the principle of specificity, these adaptations are to be expected.
Since the gold standard VOamax Was not able to be used here, perhaps the best way to
indicate the effectiveness of the treatment is to look at the most specific adaptation
attributable to the protocol. This form of power measurement is not commonly used in
any exercise intervention studies. If lower body power is measured it is usually the
highest workload achieved during a cycle ergometer VOamax test which does not
accurately assess maximal power output as the participant is fatigued from previous
workloads.

There was a statistically significant decrease in resting systolic BP over time;
however, the planned comparison reveals that this change over time is due to the added
variance from the elevated baseline measurement. The resting systolic BP baseline
assessment (M=121, SD=2 mm/Hg) was higher than both other time points; considering
that these time point had mean systolic BP of <120 mm/Hg, it is likely that the elevated
baseline measurement is a result of anxiety or nervousness due to the participants having
a novel experience. A similar phenomenon was observed in diastolic blood pressure, the
baseline assessment was the highest (72 + 2 mm/Hg), and the two preceding time points
dropped slightly. Although the difference in the diastolic BP was not enough to achieve
significance, this trend is likely due to the same reason as the systolic BP. Considering
that the highest means of resting systolic and diastolic blood pressure we observed would

combine to make a blood pressure of 121/72 mm/Hg, this is of minimal concern as is it
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only a few points away from a healthy blood pressure range. In the present study a
decrease in blood pressure as a result of the exercise was not observed because, although
participants were sedentary, they did not have elevated blood pressure. Therefore,
decreases in resting blood pressure would be minimal at best as there would be no reason
to expect a deviation from already healthy blood pressure. The reason we detected
significance in the repeated measures ANOVA was likely due to the variance added by
the elevated BP measurements at the baseline assessment.

Cardiovascular changes in the BP or resting HR take longer time or more exercise
volume to manifest compared to changes in the peripheral skeletal system. Metcalfe et al.
(2012; 2016) did not observe changes in resting blood pressure over the 6 week protocol.
Cuddy et al. (2019) lengthened the protocol duration to 8 weeks, this was sufficient to
detect a modest 5% reduction in systolic BP. When comparing HIIT studies of low-
volume and high-volume HIIT, studies which used low-volume HIIT were usually 6
weeks in length did not show changes in cardiovascular health (Fisher et al., 2015) almost
all studies which used longer durations (e.g., 12-16 weeks) showed reductions in blood
pressure (Mitranum et al., 2014, Nybo et al., 2010; Tjonna et al., 2008). Interestingly, in
studies which compared HIIT to MICT following a longer protocol duration it was
difficult to determine which method of exercise was more beneficial. These findings
showed that comparable changes in the cardiovascular system may take longer to occur
in HIIT.

No changes in either SDRR or RMSSD measurements of HRV were observed,
which is likely because HRYV is affected by multiple confounding variables that are

difficult to control. Previous literature on HRV typically has not included it in HIIT
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studies. Since HRV is derived from the balance of the PNS and SNS, it is easily affected
by a copious amount of external factors. Simply put, HRV is highly sensitive to an
individual’s stress, what he/she ate, and even his/her body position that it would not be
feasible to control for all of the external factors, making this a difficult measure to use in
this context. A review by Villafaina et al. (2017) concluded that exercise interventions
improved HRV in individuals with T2D. These studies, however, all used greater
exercise volumes compared to reduced-exertion HIIT and sometimes combined
resistance training (Villafaina et al., 2017). This sensitivity to change can be valuable to
diagnose illness (Tsuji et al., 1996) or to assess training load (Kaikkonen et al., 2010) in
appropriate settings, but this same sensitivity makes it hard to detect any change due to
the intervention. Heart rate variability adaptations may take longer to occur, as such with
other cardiovascular health markers, therefore, the study duration may not have been long
enough to elicit change. While there may be a reason to study chronic changes in HRV
following exercise interventions, future studies will need to make methodological
changes or only use HRV when the sample size is large enough.
Limitations

A major limitation of the current research was the small sample size (n=9). A
larger sample size may have more likely led to a statistically significant finding in the
predictive VOamax post hoc comparison. The added variance from a predictive test would
require a larger sample to detect the same change in mean. Another limitation due to the
small sample size there was there were not enough participants of each sex to analyze sex
differences. One of the challenges of achieving a large enough sample is recruitment.

Perhaps unsurprisingly, it is challenging to recruit a physically inactive population to
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participate in an exercise intervention study. While only 9 participants were recruited,
this was disappointing considering the number of individuals who were contacted and
expressed interest in the study. Recruitment efforts were made in the kinesiology,
psychology, and sociology programs at Lakehead University, although only two students
from kinesiology participated. Several other groups across Thunder Bay were also
contacted such as the bowling and curling community, although this may not have been
an effective strategy as these individuals may not perceive themselves as physically
inactive given that they participated in recreational sports.

Future research

To confirm that a reduced-exertion HIIT protocol can cause chronic adaptations,
future studies should measure the effects post-treatment several weeks after the
completion of the exercise protocol to see if the adaptations were maintained. Currently,
only Burgomaster et al. (2005) has demonstrated that physiological adaptations can be
maintained several weeks post-exercise cessation following a SIT protocol. Therefore, it
is promising that a reduced-exertion HIIT and other HIIT protocol will elicit similar
chronic adaptations.

The current study protocol is based on the notion that a 20-30% glycogen
depletion is primarily responsible for the physiological adaptations observed following
high-intensity exercise. Studies that use muscle biopsies could confirm if the current
protocol can meet this threshold for glycogen depletion. While a glycogen mechanism of
action is suspected to be the primary driver of physiological adaptations, studies should
confirm and detail its function using the reduced-exertion HIIT protocol. Of particular

interest should be to compare sex difference in glycogen breakdown, as women have
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been observed to breakdown 50% less muscle glycogen during a Wingate Test
(Esbjornsson-Liljedahl et al., 2002). If there are meaningful differences in the rate of
glycogen breakdown between sexes yet no difference in physical fitness adaptations, then
this does not support the glycogen breakdown threshold as a mechanism of action.

Certain types of HIIT, such as aerobic interval training, which have higher
exercise volume, also use much longer protocol durations compared to reduced-exertion
or SIT. Aerobic interval training has been shown to improve cardiovascular risk factors
such as resting HR and resting blood pressure, which are not commonly observed in
reduced-exertion HIIT or SIT. Future research should observe lower volume HIIT
protocols over greater periods (>6 weeks) to determine its effect on cardiovascular risk
factors. It is possible that the effects of these protocols on the cardiovascular system have
not been appropriately measured because those physiological changes take longer to
occur.

Aerobic HIIT is typically studied in a population with CVDs, conversely, SIT,
which is based on the Wingate Test, has its roots in performance and is typically only
studied in a healthy population. Performing HIIT in a population with CVDs has been
shown to have minimal additional risk compared to MICT (Wewege, Ahn, Yu, Liou, &
Keech, 2018). Future research should examine the effects of HIIT protocol in a
population with CVD, which use shorter, more intense high-intensity periods such as SIT
or reduced-exertion HIIT over longer durations (>6 weeks) to determine the effects on

cardiovascular health in this population.

65



THE EFFECTS OF REDUCED-EXERTION HIIT

Conclusion

A reduced-exertion HIIT protocol of only 30 minutes of exercise per week is a
vast reduction from the 150 minutes of moderate intensity and 75 minutes of vigorous
intensity of exercise per week recommended by major public health organizations.
Reducing the time of moderate and vigorous exercise intensity has the potential to
overcome barriers to exercise and, thus, improve activity uptake by more of the
population. Moreover, reduced-exertion HIIT has no more than 2 minutes of high-
intensity exercise per week, yet despite only a minimal amount of exercise this protocol
has demonstrated improved physical fitness in a physically inactive population. The
observed effects of the reduced-exertion HIIT protocol in the present study concur with
previous observations about the health benefits of minimal amounts of high-intensity
exercise. Reduced-exertion HIIT protocol is an effective method of exercise for
improving physical fitness (predicted VOamax, peak power, and mean power) with
minimal time-commitment and exercise volume. These findings suggest that reduced
exertion HIIT is a valuable adjunct or alternative method of exercise for those who are
physically inactive and has the potential to mitigate chronic disease risk. From a public
health perspective, it would be most beneficial for those who are least physically inactive
to do at least a minimal amount of exercise. Public health organizations should
recommend this form of exercise as this could have meaningful benefits in a physically

inactive population.
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SCIENCE AND PERSOMAL TRAINING

;E%ﬁ!ﬁﬁ!ﬂﬁ Get Active Questionnaire

CANADIAN SOCIETY FOR EXERCISE PHYSIOLOGY
PHYSICAL ACTIVITY TRAINING FOR HEALTH (CSEP-PATH®)

Physical activity improves your physical and mental health. Even small amounts of physical activity
are good, and more is better.

For almost everyone, the benefits of physical activity far outweigh any risks. For some individuals, specific advice from a
Qualified Exercise Professional (QEP - has post-secondary education in exercise sciences and an advanced certification in the
area - see csep.ca/certifications) or health care provider is advisable. This questionnaire is intended for all ages - to help move
you along the path to becoming more physically active.

I:I | am completing this questionnaire for myself.

I:I | am completing this questionnaire for my child/dependent as parent/guardian.

PREPARE TO BECOME MORE ACTIVE

Q

The following questions will help to ensure that you have a safe physical activity
experience. Please answer YES or NO to each question before you become more
physically active. If you are unsure about any question, answer YES.

<

<-----m

1 Have you experenced ANY of the following (A to F) within the past six months?

A Adiagnosis of/treatment for heart disease or stroke, or pain/discomfort/pressure
in your chest during activities of daily living or during physical activity?

B A diagnosis of/treatment for high blood pressure (BP), or a resting BP of 160/20 mmHg or higher?

C Dizziness or lightheadedness during physical activity?

D Shortness of breath at rest?

E Loss of consciousness/fainting for any reason?

F Concussion?

2 Do you currently have pain or swelling in any part of your body (such as from an injury,
acute flare-up of arthritis, or back pain) that affects your ability to be physically active?

3 Has a health care provider told you that you should avoid or modify certain types of physical activity?

4 Do you have any other medical or physical condition (such as diabetes, cancer, osteoporosis,
asthma, spinal cord injury) that may affect your ability to be physically active?

r Exercise Phys PAGE 10F 2

93



THE EFFECTS OF REDUCED-EXERTION HIIT

SCIENCE AND PERSONAL TRAINING

49 CSEP SEPE - Get Active Questionnaire

ASSESS YOUR CURRENT PHYSICAL ACTIVITY

Answer the following questions to assess how active you are now.

1 During a typical week, on how many days do you do moderate- to vigorous-intensity aerobic physical I:I \%ﬂ?ﬁé
activity (such as brisk walking, cycling or jogging)?
2 On days that you do at least moderate-intensity aerobic physical activity (e.g., brisk walking), I:l g;:LJTES)

for how many minutes do you do this activity?

For adults, please multiply your average number of days/week by the average number of minutes/day: I:I w&%ﬁy

Canadian Physical Activity Guidelines recommend that adults accumulate at least 150 minutes of moderate- to vigorous-intensity
physical activity per week. For children and youth, at least 60 minutes daily is recommended. Strengthening muscles and bones at
least two times per week for adults, and three times per week for children and youth, is also recommended (see csep.ca/guidelines).

®

GENERAL ADVICE FOR BECOMING MORE ACTIVE

Increase your physical activity gradually so that you have a positive experience. Build physical activities that you enjoy
into your day (e.g., take a walk with a friend, ride your bike to school or work) and reduce your sedentary behaviour
(e.g.. prolonged sitting).

If you want to do vigorous-intensity physical activity (i.e., physical activity at an intensity that makes it hard to carry on a
conversation), and you do not meet minimum physical activity recommendations noted above, consult a Qualified Exercise
Professional (QEFP) beforehand. This can help ensure that your physical activity is safe and suitable for your circumstances.

Physical activity is also an important part of a healthy pregnancy.

Delay becoming more active if you are not feeling well because of a temporary illness.

®

DECLARATION

To the best of my knowledge, all of the information | have supplied on this questionnaire is correct.
If my health changes, | will complete this questionnaire again

| answered NO to all questions on Page 1 | answered YES to any question on Page 1

v Check the box below that applies to you:

|:| I have consulted a health care provider or Qualified Exercise Professional

. . [QEP) who has recommended that | become more sically active.
Sign and date the Declaration below ( physically
| am comfortable with becoming mere physically active on my own

v without consulting a health care provider or QEP.

| I | |

Name (+ Name of Parent/Guardian if applicable) [Please print]  Signature (or Signature of Parent/Guardian if applicable) Date of Birth

I | |

Date Email {optional) Telephone (optional)

With planning and support you can enjoy the benefits of becoming more physically active. A QEP can help.

D Check this box if you would like to consult a QEP about becoming more physically active.
(This completed questionnaire will help the QEP get to know you and understand your needs.)

i Society for Exercise Physiology, 2017. All rights reserved. PAGE 2 OF 2
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Maximal Exercise Assessment Form
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Maximal Exercise Assessment Checklist (Nov. 2007 — updated Feb. 2011)

(Complete for all Max. Assessments — in-class demonstrations, labs and research — file

with ParQ)

Preparation

1.

Protocol presented to the Risk Management Committee for review &
recommendation (includes termination guidelines).

2. Supervisor is recognized by the Risk Management Committee as having competence
with maximal testing.

3. Supervisor certified with Standard First Aid and CPR.

4. Supervisor will be on-site for all max. assessment activity.

5. Approved physician on-site for max. assessment with high risk participants.

6. Equipment and facility prepared and inspected for safety of operation.

7. Exercise protocol and termination guidelines discussed by the supervisor with all

those involved in the actual assessment prior to commencing.

Screening & Risk Stratification

1. Par-Q & Screening Stratification Questionnaire reviewed and completed with low
risk populations.

2. Par-MedX completed by physician for moderate to high risk populations.

3. All screening records to be maintained in the School of Kinesiology for seven years.

Assessment
1. Exercise protocol verbally reviewed with participant and posted in clear view.
2. Exercise termination guidelines reviewed and posted in clear view.
3. Informed consent signed by participant.
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4. Post exercise vital signs monitored and recorded.

5. Completed screening tools and assessment records filed in the Kinesiology office.

6. Incidents/accidents promptly addressed, report form completed and filed with the
Kinesiology office.

Name of Participant: (print)

(sign)
Date of Assessment:
Supervisor: (print)
(sign)
Witness: (print)
(sign)
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International Physical Activity Readiness Questionnaire
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as
part of their everyday lives. The questions will ask you about the time you spent being
physically active in the last 7 days. Please answer each question even if you do not
consider yourself to be an active person. Please think about the activities you do at
work, as part of your house and yard work, to get from place to place, and in your spare
time for recreation, exercise or sport.

Think about all the vigorous activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe
much harder than normal. Think only about those physical activities that you did for at
least 10 minutes at a time.

1. During the last 7 days, on how many days did you do vigorous physical
activities like heavy lifting, digging, aerobics, or fast bicycling?

days per week

l:, No vigorous physical activities === Skip to question 3

2. How much time did you usually spend doing vigorous physical activities on one
of those days?

hours per day
minutes per day

D Don't know/Not sure

Think about all the moderate activities that you did in the last 7 days. Moderate
activities refer to activities that take moderate physical effort and make you breathe
somewhat harder than normal. Think only about those physical activities that you did
for at least 10 minutes at a time.

3. During the last 7 days, on how many days did you do moderate physical
activities like carrying light loads, bicycling at a regular pace, or doubles tennis?
Do not include walking.
days per week

D No moderate physical activiies === Skip to question 5

SHORT LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised August 2002
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4, How much time did you usually spend doing moderate physical activities on one
of those days?

hours per day

minutes per day

I:' Don't know/Not sure

Think about the time you spent walking in the last 7 days. This includes at work and at
home, walking to travel from place to place, and any other walking that you have done
solely for recreation, sport, exercise, or leisure.

5. During the last 7 days, on how many days did you walk for at least 10 minutes
atatime?

days per week

l:l No walking === Skip to question 7

6. How much time did you usually spend walking on one of those days?

hours per day
minutes per day

D Don't know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7
days. Include time spent at work, at home, while doing course work and during leisure
time. This may include time spent sitting at a desk, visiting friends, reading, or sitting or
lying down to watch television.

7. During the last 7 days, how much time did you spend sitting on a week day?

hours per day

minutes per day
D Don't know/Not sure

This is the end of the questionnaire, thank you for participating.

SHORT LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised August 2002.
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Participant Heart Rate Card
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Participant 99 Session 1
Age: 35

Max Heart Rate =

208 —(0.7*age) = 183 bpm

Target Heart Rate -

Sprint
Target Heart Rate — Target Heart Rate —
Warm Up Cool Down
High 137 bpm High 137 bpm

4:55 10 seconds 4:55
Warm up: 50 - 75% HRmax Sprint Cool down