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ABSTRACT

This thesis consists of a series of publications that address public health
questions in the field of exercise physiology. The thesis aimed to investigate the
effects of high-intensity intermittent exercise (HIIE) on fat metabolism, fat loss, and
cardiovascular and autonomic function and is composed of two studies. Study I used
a comparative research design to compare the metabolic response to acute HIIE of
trained and untrained young males. Males completed 20 min of HIIE consisting of 8-
sec fast pedalling at 65% of maximum workload followed by 12-sec of slow
pedalling at 25% of maximum workload. Blood lipids, glucose, lactate, and
catecholamine response of two groups was compared. Study II used a randomised
controlled trial to examine the effects of 12 weeks of HIIE training on abdominal,
visceral, total body fat mass, and fat free mass of young males. Cardiovascular and
autonomic response to HIIE at rest and during mental and physical challenge was
also investigated. Males completed 20 min of interval sprinting, 3 times per week,
for 12 weeks.

Study I found that trained compared to untrained males recorded similar
response to acute HIIE. Fat oxidation rate increased significantly in both groups after
acute exercise with no difference between groups. Glycerol level was significantly
elevated for both groups during exercise. Lactate concentration also increased in both
groups during HIIE, however, was higher for untrained males. Furthermore, both
groups showed significant increases in epinephrine and norepinephrine during HIIE.

In Study II aerobic fitness improved for the exercise group who, compared to
controls, showed greater total fat, abdominal, trunk, and visceral adiposity fat loss
and greater increase in fat free mass. The exercise group also recorded a significant

XXil



reduction in heart rate accompanied by increased stroke volume at rest and during
mental and physical challenge. Forearm vasodilatory capacity and forearm blood
flow of the exercise group increased during the first two min of Stroop although
remained unchanged at rest. Also, arterial stiffness, heart period variability and
baroreflex sensitivity increased significantly at rest and during Stroop.

It is concluded that acute HIIE training generated similar metabolic responses
for both trained and untrained males. Twelve weeks of chronic HIIE had positive
effects on body composition, and cardiovascular and autonomic function of

overweight males at rest and during mental and physical challenge.
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Introduction

Rationale

Obesity has been associated with serious health complications such as
hypertension, type 2 diabetes, and cardiovascular disease (Lavie, Milani, & Ventura,
2009; Zalesin, Franklin, Miller, Peterson, & McCullough, 2011). The rate of obesity
is increasing dramatically in developed and developing countries among both men
and women. According to a prediction by the World Health Organisation, by 2015
approximately 3 billion adults will be overweight or obese internationally (Australian
Institute of Health and Welfare, 2012). In parallel with international trends, obesity is
a challenge for the health care system of Australia, with one in four Australian adults
(25%) and one in twelve Australian children (8%) being obese in 2007-08
(Australian Institute of Health and Welfare, 2012). In the United States, more than
one-third of adults and almost 17% of youth were obese in 2009-2010 (Ogden,
Carroll, Kit, & Flegal, 2012).

There is evidence that body fat loss has great potential for promoting general
health and preventing the complications associated with metabolic syndrome and
type 2 diabetes (Church, 2011). Diet and exercise are the main strategies
underpinning the majority of fat loss regimens, however, traditional aerobic exercise
fails to result in substantial weight loss (Wu, Gao, Chen, & Van Dam, 2009).
Furthermore, the effects of diet interventions on maintaining weight loss and lean
body mass in long term are negligible and many individuals put the weight back on
within five years (Wadden, 1993).

Therefore, other types of exercise modalities such as high-intensity intermittent

exercise (HIIE) have been suggested to have the potential to result in greater body fat
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loss (Christmass, Dawson, & Arthur, 1999). HIIE has the potential to maintain or
improve lean body mass while decreasing excessive fat mass (Boutcher, 2011). HIIE
typically consists of repeated bouts of intense exercise (6 sec to 4 min) followed by
light bouts of exercise or complete rest (Boutcher, 2011). Compared to steady state
exercise, HIIE has been shown to be more effective in reducing body fat mass
(Trapp, Chisholm, Freund, & Boutcher, 2008). Acute HIIE has also been shown to
result in significant increases in epinephrine and norepinephrine levels during
exercise (Trapp, Chisholm, & Boutcher, 2007). Catecholamines are responsible for
lipolysis and fat release from subcutaneous and intra muscular fat stores (Issekutz,
1978).

Exercise has also been shown to have beneficial effects on cardiovascular and
autonomic body responses (Miller, Balady, & Fletcher, 1997; Rosenwinkel,
Bloomfield, Arwady, & Goldsmith, 2001). However, the majority of these studies
have focused on steady state aerobic training such as regular running and cycling and
the outcome measures examined have been mainly induced resting heart rate and
blood pressure (BP) (Wilmore et al., 2001). Vascular adaptations to aerobic exercises
have included limb blood flow, limb vasodilatory capacity, and arterial stiffness.
Limb blood flow and vasodilatory capacity, indicants of the ability of the arterioles
to dilate, have been enhanced by aerobic training in exercising (Martin, Kohrt,
Malley, Korte, & Stoltz, 1990) and non exercising muscles (Silber, McLaughlin, &
Sinoway, 1991). Autonomic adaptations to aerobic exercise have been assessed by
changes in vagal influence on the heart and arterial baroreflex sensitivity (BRS). The
vagal influence on the heart, as measured by heart period variability (HPV), has been
shown to increase after steady state endurance exercise training (Tulppo et al., 2003).

The cardiac, vascular, and autonomic responses to other forms of chronic exercise,
2



such as HIIE, however, have not been examined. Therefore, Study Il evaluated the
effects of HIIE on various cardiovascular, metabolic, and autonomic variables.

The human body system is constantly challenged by a wide range of stimuli
including physical and psychological stressors. Smoking, obesity, diabetes, physical
inactivity, and family history are traditionally known risk factors which predict about
50% of the variance of a cardiovascular event (WHO, 2011). Other risk factors, such
as psychological stress have also been linked to development of cardiovascular
disease (Chida & Steptoe, 2010). Both acute and chronic steady state aerobic
exercise (e.g., cycling, jogging, and swimming) have been shown to reduce
cardiovascular reactivity (Blumenthal et al., 1991; Boutcher & Hamer, 2006;
Georgiades et al., 2000). Participation in steady state aerobic exercise has also been
shown to decrease cardiovascular reactivity to mental challenge in hypertensive and
Type A patients, with initially elevated cardiovascular reactivity to mental challenge
(Boutcher & Hamer, 2006), yet the cardiovascular health benefits of HIIE training on
mental challenge are undetermined. Furthermore, the main focus of previous studies
has been on examining HR and BP response to mental challenge during exercise and
relatively less attention has been devoted to other aspects of cardiovascular responses
such as skeletal muscle blood flow, arterial stiffness, and baroreceptor sensitivity
during mental stress. It is not clear whether autonomic control of the heart, as
determined by BRS and arterial stiffness, under mental and physical challenge is
influenced by HIIE training. Therefore, Study II aimed to examine the effects of
HIIE on multiple measures of cardiovascular and autonomic reactivity during mental

and physical challenge.



Aims

The specific aims are to examine:

1. the acute effect of high-intensity interval exercise on metabolic response in
trained and untrained males.

2. the chronic effect of 12 weeks of HIIE on body fat and fat free mass in
overweight males.

3. the chronic effect of 12 weeks of HIIE on cardiovascular and autonomic
function in overweight males during rest.

4. the chronic effect of 12 weeks of HIIE on cardiovascular and autonomic
function in overweight males during mental and physical challenge.

Hypotheses

It is hypothesized that:

1. glycerol and catecholamins will be significantly increased during acute HIIE
regardless of aerobic fitness level.

2. 12 weeks of HIIE will result in significant body composition change of young
healthy overweight males.

3. 12 weeks of HIIE will result in a significant reduction in visceral fat of young
healthy overweight males.

4. 12 weeks of HIIE will result in a significant increase in fat free mass of young
healthy overweight males.

5. 12 weeks of HIIE will result in a significant improvement in resting

cardiovascular and autonomic function of young healthy overweight males.



6. 12 weeks of HIIE will result in a significant change in cardiovascular and
autonomic function of young healthy overweight males in response to mental

and physical stressors.
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Introduction

This literature review firstly provides an overview of obesity and its related
risk factors. Next the effects of exercise and diet on health and fat loss are discussed.
The effects of different exercise modalities, in particular high-intensity intermittent
exercise (HIIE), on physiological factors and fat and fat free mass are then
summarized. Then the effects of HIIE on cardiovascular and autonomic measures are
described. Finally, psychometric and psychophysiological effects of HIIE are

discussed.

Obesity Overview

Westernized countries normally have a high obesity prevalence. The rate of
obesity is also rapidly being increased in developing countries (Speiser et al., 2005).
According to the World Health Organization (WHO) obesity has more than doubled
since 1980 and is continuing to increase which make obesity and overweight
consequences a major health concern. Obesity is an abnormal or excessive fat
accumulation that adversely affects health and increases mortality (Gonzélez-
Castejon & Rodriguez-Casado, 2011). Body mass index (BMI) is an age-independent
and unisex indicator to assess whether an individual is obese. It is a reasonable
indicator of health risk and is calculated by dividing body weight in kilograms by the
square of height in meters. Table 1.1 shows a BMI classification, which is consistent
across age, fat distribution pattern, and certain ethnicities. This BMI classification

was originally established by WHO, however, a new classification for Asian
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populations has been recently recommended with a cut-off point of 23 kg/m2 (WHO,

2004).

Table 1.1. The International classification of obesity based on BMI

Classification BMI (kg/mz)
Principal cut-off points | Additional cut-off points
Underweight <18.50 <18.50
Severe thinness <16.00 <16.00
Moderate thinness 16.00 - 16.99 16.00 - 16.99
Mild thinness 17.00 - 18.49 17.00 - 18.49
18.50 - 22.99
Normal range 18.50 - 24.99
23.00 - 24.99
Overweight >25.00 >25.00
25.00 - 27.49
Pre-obese 25.00 - 29.99
27.50 -29.99
Obese >30.00 >30.00
30.00 - 32.49
Obese class 1 30.00 - 34.99
32.50 - 34.99
35.00 -37.49
Obese class 11 35.00 - 39.99
37.50 - 39.99
Obese class 111 >40.00 >40.00

Source: World Health Organisation, Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet, 2004.363(9403), 157-163.

Based on a report from the Australian Bureau of Statistics (ABS), the
proportion of overweight or obese men progressively increased from 45% in 1989-
1990 to 52% in 1995, 58% in 2001, and 62% in 2004-2005 (ABS, 2008). The rate of
women classified as overweight or obese also steadily increased from 32% in 1989-
1990, to 37% in 1995, 42% in 2001, and 45% in 2004-2005 (ABS, 2008). Men have
a higher rate of obesity (62%) than women (45%) and the rate of being overweight is
also much higher in males (43%) compared to females (28%) (ABS, 2008). It
appears that men are getting overweight or obese at earlier age than women; 45
versus 48 years (ABS, 2008). Unfortunately, the rate of obesity and its related costs
are also on the increase. In Australia, the number of adults being overweight or obese
has increased from 4.6 million people in 1989-1990 to 5.4 million in 1995, 6.6
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million in 2001, and 7.4 million in 2004-2005 and the cost of obesity associated
illnesses exceeded $21 billion in 2005 (ABS, 2008). Obesity also has increased in the
United States by 47.8%, rising from 23% to 34%, among adults aged 20 years and
over between 1988-94 and 2005-08. Obesity also increased by 54.5% in children
aged 6-11 years, from 11% to 17% and in adolescents aged 12—19 years by 63.6%,
from 11% to 18% during the same period (Centers for Disease Control and
Prevention, CDC, 2010). According to a recent national health and nutrition
examination survey by the U.S. Department of Health and Human Services, over 78
million adults (35.7%) and about 12.5 million children and adolescents (16.9%) were
obese in 2009-2010 (Ogden, Carroll, Kit, & Flegal, 2012).

Obesity among children is also on the rise and it causes major health related
problems. Children with obesity are more likely to become obese adults (Epstein,
Wing, & Valoski, 1985) and the chance of having obesity related health issues such
as cardiovascular disease and type 2 diabetes is higher among obese children
(DiPietro, Mossberg, & Stunkard, 1994; Mahoney et al., 1996). Also childhood
obesity has a significant economic impact. It has been estimated that the cost of
health issues related to obesity in children and adults exceeded $58 billion in 2008 in
Australia (ABS, 2009). The rate of childhood obesity from 1995 to 2007 in Australia
is presented in Figure 1.1. This rate has increased from 21% in 1995 to 25% in 2007-
2008. Currently at least one quarter (about 600,000) of children aged between 5

and17 are overweight or obese in Australia (ABS, 2009).
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Figure 1.1. Children's obesity rate based on BMI 1995, 2007-08

Source: Australian Bureau of Statistic (ABS). (2009), Australian Social Trends. Retrieved 11 January
2012 from http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features20Sep+2009

Lack of physical activity is one of the major causes of obesity in children. The
Australian Bureau of Statistics has reported the findings of a survey conducted in
2006 which revealed that 37% (about 974,000) of Australian children were not
taking part in any organised sport. The rate was higher among girls (42%) compared
to boys (31%). Also children aged between 5 to 8 years were least likely to
participate in a organised sport (ABS, 2009). Figure 1.2 shows this trend.

Body fat increases with ageing mostly because of a change in lifestyle and a
decline in physical activity. Young adults are more likely to get involved in moderate
to vigorous physical activity (ABS, 2009); for example 35% of men and 30% of
women at the age of 18-24 years are overweight and obese but by the age of 35-44
years the rate of being overweight and obese increase to more than 70% in men and

more than 40% in women (ABS, 2009).
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Figure 1.2. Children's participation in organised sport, Australia, April 2006

Source: ABS. (2009). Children's Participation in Cultural and Leisure Activities, Australia. Retrieved 12
December 2012 from
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/D93EDOB65019BOE7CA25765C
0019B8BF?opendocument

Causes of Obesity

There are many factors that cause or contribute to obesity. Some of these
factors are inherited and others are the result of a poor lifestyle. Figure 1.3 indicates
some potential causes of obesity. Some of the factors cannot be changed, however,
factors such as dietary habits and amount of physical activity can be improved.
Having healthy eating and taking part in regular physical activity can prevent obesity

and overweight.
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Figure 1.3. Potential causes of obesity

Typically obesity occurs if a long term imbalance exists between energy intake
and energy expenditure (Hill & Wyatt, 2005). Figure 1.4 illustrates that in the
condition of energy balance, body fat is maintained, but in order to lose fat either a
decline in energy intake or a rise in energy expenditure must occur. However, a
number of individual factors such as genetic, medical, behavioural and physiological

variables may affect the ability to lose fat (Boutcher & Dunn, 2009).
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Figure 1.4. Energy balance

The Role of Adipose Tissue

Adipocytes are the main cellular part of fat tissue and have an essential role in
providing energy during starvation periods. Adipocytes are also involved in
thermogenesis and in the support and insulation of internal organs such as kidney and
heart (Trayhurn & Beattie, 2001). Furthermore, adipocytes act as the main energy
depository in the form of triglyceride and as the endocrine organ to regulate
homeostasis by releasing critical hormones such as adiponectin (Trayhurn & Wood,
2004, 2005).

Obesity has major implications for health and longevity (Speiser et al., 2005).
It is associated with elevated blood pressure, serum lipids and type 2 diabetes
(Bordenave et al., 2008), risk of cardiovascular disease (CVD) (Lavie et al., 2009;
Zalesin et al., 2011), and some kinds of cancer (Dulloo, 2011). Excessive abdominal
and visceral fat are important risk factors for cardiovascular health (Stunkard, 1996)

and insulin resistance (Racette, Evans, Weiss, Hagberg, & Holloszy, 2006).
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Abdominal obesity also is an indicator of metabolic syndrome (Church, 2011) and
visceral adipose tissue is a good predictor of cardiovascular health and metabolic
syndrome (Kissebah et al., 1982).

Fat oxidation among obese individuals is impaired even after a period of fat
loss program (Ranneries et al., 1998) and regaining of weight is more likely to occur.
Therefore, it seems to be essential to improve fat oxidation rate in order to prevent
and reduce obesity and it is feasible that many obesity related complications can be

improved through visceral fat loss.

Weight Loss

Losing fat in the obese individual is an important factor from a health
perspective in order to prevent obesity related disorders (Serensen, Rissanen,
Korkeila, & Kaprio, 2005). Losing 5 to 10% of body weight substantially reduces
health risk (Donnelly et al., 2004). For example, complications associated with type
2 diabetes can be prevented through weight loss, healthy diet and regular exercise
(Church, 2011). Weight loss also has been shown to increase work productivity and
quality of life (Ross et al., 2009), however, losing weight is not easy and needs
motivation and determination to be engaged in physical activity and to resist over
eating (Elfhag & Rdssner, 2005). Although reducing energy intake typically leads to
weight loss, the majority of dieters regain their lost weight within a period of time
(Kramer, Jeffery, Forster, & Snell, 1989; Skender et al., 1996). It seems that a
decrease in resting metabolic rate (RMR), mostly because of a decrease in muscle
mass and an increase in metabolic efficiency, are the main factors responsible for
weight regain after diet-only weight loss programs (Dulloo, 1993, 2007; Major,
Doucet, Trayhurn, Astrup, & Tremblay, 2007).

13
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In the majority of weight loss programs, physical activity and diet are the main
components. Theoretically, a decrease in energy intake and an increase in energy
expenditure results in weight loss and burning of stored fat. An increased RMR due
to muscle mass gain and reduced respiratory quotient (RQ) after exercise training
show that utilizing fat is facilitated by regular physical activity (Byrne & Wilmore,
2001; Lemmer et al., 2001). In most diet-based weight loss programs, a decline in
muscle mass and consequently a decreased RMR, seems to be inevitable (Frey-
Hewitt, Vranizan, Dreon, & Wood, 1990). Thus, exercise programs which sustain or

increase fat free mass are preferable.

Exercise and its Health Benefits

Regular exercise is associated with various health benefits such as reduced risk
of hypertension, stroke, onset of type 2 diabetes, colon and breast cancer (Kim et al.,
2006; Lindstrom et al., 2006), depression, metabolic syndrome (U. S. Department of
Health and Human Services, 2008), and an improvement in blood glucose levels
(Marwick et al., 2009). These health benefits may occur without a significant change
in weight or diet (Ross et al., 2000; Slentz et al., 2004). Cardiorespiratory fitness also
1s an important factor in preventing CVD (Sallis, Patterson, Buono, & Nader, 1988).
Even among type 2 diabetic patients, higher level of fitness was associated with
reduced risk of CVD (Church, LaMonte, Barlow, & Blair, 2005).

Fat oxidation rate may be increased by regular physical activity during exercise
and rest (Henriksson, 1977; Treuth, Hunter, Weinsier, & Kell, 1995). Thus, long
term physical activity is beneficial for weight control as it can switch substrate usage

towards fat oxidation. Endurance exercise enhances lipid metabolism and reduces
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glucose metabolism by activating certain molecular pathways and cellular

adaptations (Brun, Romain, & Mercier, 2011).

Exercise

Regular physical activity is a well known intervention for managing weight
and preventing obesity (Jakicic & Otto, 2005, 2006). Exercise has three main effects
on obese patients: helping to avoid weight gain, improving stabilization after
slimming, and reducing obesity-related comorbidities (Brun et al., 2011). Exercise at
a moderate intensity between 150 and 250 minutes weekly may be suitable for
controlling weight but it seems to be insufficient for losing body fat unless physical
activity is accompanied with diet restriction (Brun et al., 2011). Consequently, it
appears that there is a dose-response relationship between exercise and body fat
reduction. It has also been recommended that exercise duration is more important
than exercise intensity for inducing weight loss (Brun et al., 2011). However, the
amount of actual fat loss after participating in aerobic exercise typically is much less
than expected and outcomes are usually disappointing (Wu et al., 2009). HIIE seems
to be more effective in reducing fat when compared to steady state exercise
(Boutcher, 2011).

Exercise training, even without weight loss, 1s associated with a significant
reduction in abdominal visceral fat (Lee et al., 2005). Whether exercise intensity is
important for reducing visceral fat is not clear, although it was shown that high-
intensity exercise training, compared to low-intensity exercise training was more
effective in reducing abdominal visceral fat (Irving et al., 2008) mostly because of
producing greater negative energy balance and secretion of lipolytic hormones such
as growth hormone and epinephrine (Pritzlaff et al., 2000; Pritzlaff et al., 1999).
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However, Slentz et al. (2005) suggested that in the isocaloric condition low volume
moderate-intensity and low volume high-intensity exercise training were equally
effective in preventing significant increases in abdominal visceral fat in previously
sedentary, overweight adults. Kuk et al. (2007a) in a review suggested that a
moderate amount of exercise (~150-200 min/wk) with less than 1500 kcal/wk energy
expenditure is associated with modest (5-10%) visceral fat reductions, whereas
energy expenditure of 3500-4500 kcal/wk (~ 450 min/wk) is associated with greater

(~ 30%) visceral fat reductions, Figure 1.5.

Figure 1.5. Dose response relationship between net reductions in visceral adipose

tissue as compared with control and weekly exercise energy expenditure.

Source: Kuk, J. L., Janiszewski, P. M., & Ross, R. (2007a). Exercise, visceral adipose tissue, and
metabolic risk. Current Cardiovascular Risk Reports, 1(3), 254-264.

Physical activity can result in fat loss because of negative energy balance and
shifts in substrate utilization from carbohydrate to fat during rest and exercise

(Barwell, Malkova, Leggate, & Gill, 2009). Fat loss may occur even without a
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change in RMR. It has been suggested that those participants with the largest shift
towards fat utilization had the greatest fat loss (Barwell et al., 2009). It has also been
suggested that individuals with a higher rate of fat oxidation seems to be protected

from fat gain (Barwell et al., 2009).

Fat and Carbohydrate Oxidation during Rest and Exercise

Resting metabolic rate is the required amount of energy to maintain post
absorptive homeostatic function during rest and it accounts from 60% to 75% of total
energy expenditure (Donnelly et al., 2004). Diet-induced thermogenesis and physical
activity are responsible for the remaining 20% to 30% of entire energy expenditure
(Melzer, 2011). Some factors affecting RMR include age, gender, stress, hormonal
level, and lean muscle mass (Arciero, Goran, & Poehlman, 1993). For the individual
consuming a normal diet (e.g., 35% fat, 12% protein, and 53% carbohydrate) energy
source can be measured in the resting condition by evaluating the ratio of oxygen
consumption (O,) and carbon dioxide production (CO,) through indirect
calorimetery (Melzer, 2011). Respiratory quotient (RQ) is the ratio of CO, and O,
and varies between 0.69, which indicates 100% fat oxidation, and 1.0 which
indicates 100% carbohydrate oxidation for energy production (Melzer, 2011). A RQ
equal to 0.82 is the average resting RQ at which fat oxidation contributes more than
half of the total energy expenditure (Melzer, 2011).

The proportion of substrate utilization during exercise is different in the fasting
and fed conditions. Carbohydrate (plasma glucose and muscle glycogen) and fat
(intramuscular triglycerides and plasma fatty acids) are the major sources of energy
during physical activity (Melzer, 2011). The dominant source of energy is typically
determined by the exercise intensity and volume (Melzer, 2011). The main source of
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energy during rest and exercise with an intensity of less than 25% of VOomax is fat
(Romijn et al., 1993). When exercise intensity increases, carbohydrate oxidation also
increases, whereas fat contribution decreases (Romijn et al., 1993). However, fat
oxidation does not stop completely. For example, at higher exercise intensities (e.g.,
60% VOoumax OF more), fat oxidation gradually increases when exercise volume
increases (Romijn et al., 1993). Fat,,x is the maximum point of fat oxidation (Brun et
al., 2011) and it seems to occur because of shifting energy source to fat and muscle
glycogen depletion (Ahlborg, Felig, Hagenfeldt, Hendler, & Wahren, 1974; Bergman
& Brooks, 1999). This muscle glycogen depletion normally happens after a long
exercise session (Thomson, Green, & Houston, 1979). When 30% to 40% of muscle
glycogen stores are depleted, the source of energy typically switches to fat (Kirwan
et al., 1988). But muscles tends to use carbohydrate as the main source of energy
when exercise intensity increases and fat oxidation even may shut down if intensity

exceeds 85-90% of VOamax (Brun et al., 2011).

Steady State versus HIIE

Fat oxidation rate increases during steady state exercise. The highest point of
lipid oxidation rate at an optimal intensity is called fat,,,x (Nordby, Saltin, & Helge,
20006). Fatyax can differ from 0.4 to 1 g of fat per minute. Glycogen depletion occurs
after one hour of continuous low intensity steady state exercise and is accompanied
by an increase in fat oxidation. It has been reported that 300 minutes of steady state
exercise per week for 12 weeks significantly decreased body mass and body fat,
however, triglyceride, blood lipids, adiponectin and HOMA-IR (a measure of insulin

resistance) were unchanged (Yoshimura et al., 2011).
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It has been shown that fat oxidation rate increases after 10 weeks of training at
fatax intensity but body mass, resting free fatty acids (FFA), and fasting glucose and
insulin levels were unchanged. This increase in lipid oxidation rate was more likely
due to an increase in citrate synthesis (CS) activity (Bordenave et al., 2008). In
another study body weight or body composition were unchanged after 50 to 60 min
of steady state exercise, three times per week, for 12 weeks (van Aggel-Leijssen,
Saris, Wagenmakers, Hul, & van Baak, 2001). Thus, long duration, frequently
repeated steady state exercise only results in a small decline in body fat (Wu et al.,
2009). For example, Barwell et al. (2009) have shown that even long exercise
sessions up to 60 min, 5 times per week for 7 weeks, resulted in less than a kilogram
of fat loss.

High-intensity intermittent exercise (HIIE) is an alternative training modality
which results in enhanced muscle glycogen storage and muscle oxidative and
buffering capacity (Gibala et al., 2006). In general three forms of HIIE protocols
exist which vary in exercise and recovery periods including the 30-second Wingate
test. The length of both the sprint and recovery period used in past research has
typically varied from 6 sec to 4 min. HIIE has been shown to be an effective and
time efficient exercise training approach for losing fat in both males and females
(Boutcher, 2011). Also it seems that HIIE, compared to steady state exercise, is more
enjoyable at the same average heart rate and energy expenditure (Bartlett et al.,
2011). HIIE does not have a common definition but generally it consists of intense
and relatively short bouts of physical activity. The intensity reached during this type
of exercise is often maximum or close to maximum (Boutcher, 2011). The format of
HIIE training may differ based on participant‘s fitness and health status from a few

seconds to a few minutes exercise followed by low intensity exercise or rest. This
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type of exercise can be performed on a treadmill or outdoors but the most common
modality is the bicycle ergometer due to its safety and stability.

It has been shown that HIIE increases VOjmax significantly (Coker, Williams,
Kortebein, Sullivan, & Evans, 2009; Tanisho & Hirakawa, 2009) which is similar to
that achieved with regular aerobic exercise (Trapp et al., 2008). Some of the benefits
and advantages of HIIE include a significant increase in anaerobic power (Tanisho &
Hirakawa, 2009) and a decrease in abdominal visceral fat (Coker et al., 2009)
whereas steady state exercise has a smaller effect. Furthermore, HIIE is short in
duration and can be more enjoyable. Thus it might be suitable for overweight
individuals with limited time and tolerance for physical activity.

The effects of HIIE on aerobic fitness, body weight, muscular and physical
adaptations have been investigated in a number of studies (Gibala et al., 2006;
McKay, Paterson, & Kowalchuk, 2009). In a study by McKay et al. (2009), an HIIE
group trained at 120% of their VOomax and a steady state exercise group trained at
65% of their VO,max but the increase in VO,max and exercise performance and the
decrease in body weight were similar in both groups considering that the time of
training for HIIE group was one-tenth that of the steady state group. In another study
16 weeks of HIIE training resulted in a significant reduction in weight, BMI, waist
circumference, fasting glucose, systolic and diastolic blood pressure, and a
significant improve in insulin sensitivity, high-density lipoprotein cholesterol (HDL-
C), adiponectin levels, and VOpx. Fasting glucose, insulin sensitivity, HDL-C and
adiponectin did not change after steady state exercise (Tjonna et al., 2008).

It has been reported that muscle glycogen reduces after HIIE (MacDougall,

Ward, & Sutton, 1977). Also performance level during HIIE improves after having
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carbohydrate drinks (Nicholas, Williams, Lakomy, Phillips, & Nowitz, 1995). Thus,
it seems that carbohydrates are the major source of energy during HIIE. But it
appears that fat oxidation rate increases during the post exercise period (EPOC). It
has been suggested that EPOC fat oxidation after HIIE may be equal to fat oxidation
amount during steady state exercise (Brun et al., 2011). HIIE may be a time efficient
and economical type of exercise for losing fat. It is also a unique form of exercise
that employs both aerobic and anaerobic pathways leading to muscle adaptations
which increase fat oxidation during and after exercise (Talanian, Galloway,
Heigenhauser, Bonen, & Spriet, 2007). Also It has been shown that HIIE can activate
muscle mitochondrial enzymes resulting in a decrease in carbohydrate oxidation and
an increase in fat oxidation (Talanian et al., 2007). These adaptations include an
increase in muscle oxidative capacity (Gibala & McGee, 2008), an increase in resting
glycogen content, a decrease in glycogen utilization rate, and decreased lactate

production during exercise (Gibala et al., 2006).

Cardiovascular Response to HIIE

Regular physical activity has positive effects on cardiovascular health. A
strong correlation between fitness level and many aspects of cardiovascular health
has been shown in previous research. For example, Keteyian et al. (2008) has
reported that maximal VO, was a strong predictor of all-cause mortality, in which the
risk of death (15%) decreased by only a 1 ml-kg'-min™ increase in VOapay. The risk
of CVD may decrease in women and older men by performing low intensity and high
volume exercise but it has been suggested that higher intensity exercise is needed for
middle-aged men to produce the same results (Wisleft, Ellingsen, & Kemi, 2009). It

has also been shown that moderate intensity exercise is associated with reduced
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coronary heart disease (CHD) regardless of exercise duration or the amount of

consumed calorie (Tanasescu et al., 2002).

Heart rate (HR) can determine the intensity of the training. In HIIE heart rate
increases during the sprint and decreases during the recovery phase (Boutcher, 2011).
The HR elevation depends on the length of the sprint and recovery phase. In one
study HR was increased to 170 bpm after one bout of Wingate test (Weinstein,
Bediz, Dotan, & Falk, 1998). In a study conducted by Bracken et al. (2009), HR was
increased to 142 bpm after the first bout and reached 173 bpm after 10 bouts. Each
bout consisted of a 6-sec sprint followed by 30 sec of recovery. A previous study in
our laboratory showed that 20 min of HIIE on a stationary bike (8-sec sprint
followed by a 12-s light pedalling) increased the HR to 150 bmp in 5 minutes and
170 bpm towards the end of exercise. In this protocol HR had a small drop of 3 to 5
bpm during the 12-sec recovery phase (Trapp et al., 2007). In animal model studies,
the size of the heart and substrate utilization changed after HIIE training. For
example, Hafstad et al. (2011) showed a 10% increase in the ratio of heart weight to
body weight. In this study a 36% increase in glucose oxidation and a decrease in
fatty acid oxidation rate resulted in a change in cardiac substrate utilization. Cardiac
maximal mitochondrial respiratory capacity also increased after HIIE training.

In a study conducted by Gormley et al. (2008), resting HR and BP did not
improve after 6 weeks of near maximal intensity in the form of HIIE . However, in
other previous studies HIIE was effective in reducing resting BP. For example,
systolic and diastolic BP were decreased by 10 and 6 mmHg after HIIE training
(Tjenna et al., 2008). It has been suggested that this amount of reduction in BP can

prevent 30-40% of the premature deaths occurring from stroke (Lewington et al.,
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2002). Guimaraes et al. (2010) have also shown that both steady state and interval
exercise are beneficial for BP control but arterial stiffness was only reduced after

HIIE training among hypertensive individuals.

Blood Lactate Response to HIIE

Blood lactate level increases in response to high-intensity exercise and it is an
indicator of a shift in substrate and metabolism pathway to glycolisis. Blood lactate
increases up to 16 mmol-1™" after 8 minutes of recovery in a Wingate test (Ozturk &
Gokce, 1998). Lactate concentration gradually increases with shorter bouts of HIIE
(Boutcher, 2011). Trapp et al. (2007) observed that lactate level increased to 2-4
mmol-1" and 4-5 mmol-1" after 5 and 15 minutes of HIIE respectively. It seems that
fitness level of the participants and the duration of both sprint and recovery are
important determinators of lactate production. For example, in the same study lactate
concentration was higher after longer 12-sec compared to 8-sec sprint. Lactate level
was also higher (7-8 mmol-"") among trained individuals compared to untrained
(Trapp et al., 2007). Thus, it appears that even short periods of recovery after a sprint
are important for the reduction of post exercise lactate level. Weston et al. (1996)
reported an increase in skeletal muscle buffering capacity after 2 weeks of HIIE
among trained cyclists. The HIIE protocol in this study consisted of 6-8 bouts of
cycling for 5 minutes at 80% of peak power output separated by a 1-min recovery

time.

Aerobic Power Response to HIIE

Both steady state aerobic exercise and HIIE can increase aerobic power

significantly but it seems that HIIE is a more effective and efficient approach.
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Gormley et al. (2008) have reported that after 6 weeks of training with various
intensities, the biggest improvement in VO,max Was achieved with near maximal
intensity exercise (20.6% increase), followed by a 14.3% increase with vigorous
intensity, and a 10% increase with moderate intensity. This result was in agreement
with other research suggesting that HIIE is more effective for improving VO)max
(Braith, Pollock, Lowenthal, Graves, & Limacher, 1994; Gutin et al., 2002; Irving et
al., 2009; O'Donovan et al., 2005; Tjenna et al., 2008).

Possible mechanisms underlying VOsmax improvement after HIIE exercise
include changes in muscle mitochondrial oxidative capacity and increased cardiac
efficiency. Little et al. (2011) investigated the changes in the exercising muscles after
high-intensity interval training consisting of four bouts of 30-sec all-out cycling
separated by four minutes rest. In this study protein content of the main regulator of
mitochondrial biogenesis, peroxisome proliferator-activated receptor ¥ coactivator
(PGC)-10a, was increased by 66% 3 hours post exercise recovery. Protein content of
the mitochondrial enzymes such as citrate synthase (CS), cytochrome ¢ oxidase
(COX 1), and COX IV were also increased 30%, 29%, and 30% respectively at 24
hours recovery. After 3 hours post exercise mRNA expression of PGC-1a increased
by almost 750% and maximal activity of CS was increased by 14% in 24 hours post
exercise. Also the maximal activity of citrate synthase was increased by 14% when
measured 24 hours following exercise. Similar results were found by Hood et al.
(2011) using HIIE training. Protein contents of CS, COX II, and COX IV increased
by 31%, 16%, and 39% respectively after training. Glucose transporter (GLUT4) and

PGC-1a protein content were also increased by 260% and 56% after training.
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Lipids Response to HIIE

It has been shown that glycerol, glucose, and free fatty acid (FFA) levels
changed in response to seven sessions of HIIE. B-hydroxyacyl-CoA dehydrogenase
(B-HAD) activity and CS maximal activity also increased (Talanian et al., 2007).
During HIIE with trained participants, glycerol increased at an earlier stage than the
untrained indicating the utilization of fat in these subjects (Trapp et al., 2007).

CHD has an inverse correlation with high-density lipoprotein cholesterol
(HDL-C) (Musa, Adeniran, Dikko, & Sayers, 2009). An increase in HDL-C and a
decrease in low-density lipoprotein cholesterol (LDL-C) are also important factors in
dyslipidaemia treatment (Lira et al., 2009). It has been reported that HDL-C level
increased by regular HIIE training but did not change with steady state exercise
(Tjonna et al., 2008). Total cholesterol (TC) and TC/HDL ratio also decreased with
regular HIIE (Musa et al., 2009).

It appears that intensity may play an important role in the blood lipid response
to exercise. Cornelissen et al. (2009) reported a significant decrease in triglyceride
after high-intensity training but not lower intensity training. TC, HDL-C, LDL-C,
and TC/HDL ratio did not change after either type of training. An acute bout of HIIE
has a positive effect on blood lipids. It has been shown that cholesterol and LDL-C
decreased after high-intensity exercise (Lira et al., 2009). Tsekouras et al. (2008) also
reported a significant reduction in very low-density lipoprotein (VLDL) after two
months HIIE (4 bouts of 4 min at 90% VOax followed by 4 min at 60% of VOmax
three times per week) training. Thus, HIIE can positively alter blood lipid profile and

should be considered as a potential strategy for improving lipoprotein metabolism.
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Insulin and Fasting Glucose Response to HIIE

Fasting glucose and insulin response to regular aerobic exercise is inconsistent
in previous studies. The use of differing exercise intensities might be one of the
reasons underlying this inconsistency. In a study by Tjonna et al. (2008) fasting
glucose decreased and insulin sensitivity increased after high-intensity aerobic
exercise whereas moderate intensity exercise did not change fasting glucose and
insulin sensitivity. HIIE training has been shown to have a positive effect on fasting
glucose and insulin. Trapp et al. (2008) used HIIE training for 15 weeks in
premenopausal women and reported a significant decrease in fasting insulin. HIIE as
short as six sessions in two weeks decreased insulin level by 16% and improved
insulin sensitivity by 35% but fasting glucose level remained unchanged (Hood,
Little, Tarnopolsky, Myslik, & Gibala, 2011). HIIE might have a positive effect on
individuals with metabolic abnormality by reducing fasting blood glucose and insulin
(Tjonna et al., 2008). For example, Little et al. (2011) found a significant reduction
in average 24-hour glucose level in type 2 diabetes patients after 2 weeks of HIIE (10
bouts of 60-sec cycling at ~90% maximal HR separated by 60-sec rest) training. It
seems that there is a strong negative correlation between training intensity and
insulin response. The mechanism behind this is not clear but changes in muscle

mitochondrial capacity might be an important factor (Hood et al., 2011).

Hormonal Response to HIIE

HIIE generates a significant hormonal response. This response to HIIE mostly
depends on training protocol, participants® fitness level, and exercise background.
Hormonal response to HIIE is an important factor in substrate utilization and long

term adaptation. For example, growth hormone (GH) plays an important role in
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metabolism and homeostasis. Studies have shown that acute aerobic exercise
amplifies the GH release during and immediately after exercise in both men and
women (Pritzlaff, et al., 1999; Wideman et al., 1999), although GH concentration
increase from baseline was higher for men compared with women (Bunt, Boileau,
Bahr, & Nelson, 1986; Wideman et al., 2000). Also higher GH concentration has
been reported with higher exercise intensity and there is a linear relationship between
GH release and exercise intensity (Pritzlaff-Roy et al., 2002). Although it seems that
GH secretion is less responsive to chronic endurance training (Deuschle et al., 1998;
Hartman et al., 2000) serum GH concentration was increased by 2-fold in a study
conducted by Weltman et al. (1992) using young females participants. It has been
shown that there is an association between visceral obesity and reduced GH secretion
(Vahl et al., 1997). Treatment by GH reduced visceral fat mass, TC, LDL-C, and
enhanced insulin sensitivity (Franco et al., 2005). It has been reported that GH pulse
amplitude and area under the curve increased in obese adults after HIIE training
(Irving et al., 2009). Nevill et al. (1996) conducted a study with endurance and sprint
runners and found an increase in GH after 30 sec of sprint running. Although GH
response to 30-sec sprints was higher among sprint trained than endurance trained
athletes there was no significant difference between two groups. Gray et al. (1993)
also reported that GH increased by 2000% after an intense interval running.

Chronic exercise training also creates a number of hormonal changes that
maybe implicated in the stress response. The pathways of these changes are depicted
in Figure 1.6. Stress activates corticotrophin-releasing hormone (CRH) and
adrenocorticotropic hormone (ACTH) which leads to cortisol increase. This increase
in cortisol level can result in visceral fat accumulation through different pathways.

Cortisol increases insulin levels and both of these hormones are lypolisis inhibitors
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that result in metabolic abnormalities (Bjorntorp & Rosmond, 2000). An increase in
leptin level (Nieuwenhuizen & Rutters, 2008) and positive energy balance also

increase fat storage.

Figure 1.6. An overview of the effect of chronic stress on visceral fat

accumulation pathways

Source: Nieuwenhuizen, A. G., & Rutters, F. (2008). The hypothalamic-pituitary-adrenal-axis in the
regulation of energy balance. Physiology and Behavior, 94(2), 169-177.

Research examining the acute and chronic response of cortisol to HIIE is
scarce. Wahl et al. (2003) found a significant increase in cortisol after HIIE (4 bouts
of 30-sec all-out exercise interspersed by 5-min rest) training. Also it has been shown

that 10 min of high-intensity exercise bouts resulted in an elevation in cortisol, GH,
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ACTH, and catecholamines (de Vries, Bernards, de Rooij, & Koppeschaar, 2000).
Leptin is produced by white adipose tissue and has an important role in body weight
regulation (Venner, Lyon, & Doyle-Baker, 2006). The level of circulating leptin is
relative to adipose tissue mass (Watts, Jones, Davis, & Green, 2005; Wilding, 2001).
Obese individuals have been shown to have an increased level of leptin (Dyck, 2005;
Kougias et al., 2005; McMurray & Hackney, 2005; Meier, 1996) and leptin
resistance (Blaak et al., 2006). Figure 1.6 illustrates the leptin production regulated

by numerous factors (Wilding, 2001).

Figure 1.7. Factors influencing lepton production

Source: Wilding, J. P. H. (2001). Leptin and the control of obesity. Current Opinion in Pharmacology,
1(6), 656-661.

Based on HIIE type and participants® characteristics, leptin response to HIIE
may also vary (Kraemer et al., 2003; Weltman et al., 2000). Kraemer et al. (2003)

found that leptin and testosterone levels significantly increased after HIIE in well
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trained male runners whereas Trapp et al. (2008) showed a reduced leptin
concentration after HIIE in overweight females.

It has been shown that HIIE has an increasing effect on catecholamines (Trapp
et al., 2007). It seems that catecholamines, especially norepinephrine, are involved in
fat metabolism and fat release from intramuscular and subcutaneous fat depots
(Issekutz, 1978). There are more f-adrenergic receptors in abdominal fat store than
subcutaneous fat store (Rebuffé-Scrive, Andersson, Olbe, & Bjorntorp, 1989)
suggesting that HIIE may be important for controlling abdominal obesity (Boutcher,
2011). Talanian et al. (2007) reported an increase in epinephrine among active
females after 4-min high-intensity cycling, however, epinephrine concentration
declined after 2-min of rest due to degradation but the level of epinephrine was six
fold higher than baseline after 10 bouts of cycling at the same intensity. This change
in epinephrine level was accompanied by an enhanced glycerol concentration
indicating an increase in fat oxidation rate.

Christmass et al. (1999) found a significant increase in plasma norepinephrine
after both short (6-sec sprint, 9-sec recovery) and long (24-sec sprint, 36-sec
recovery) HIIE protocols. Trapp et al. (2007) also reported an increase in epinephrine
and norepinehprine after two types of HIIE protocols (8 sec/12 sec and 12 sec/18
sec), in trained and untrained women. These results are in agreement with the
findings of Bracken et al. (2009) who showed a 6.3 fold increase in epinephrine after
10 bouts of 6 sec/30 sec sprint in men. It has been shown that catecholamine
response to HIIE is much greater compared to steady state exercise (Zouhal, Jacob,

Delamarche, & Gratas-Delamarche, 2008).
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Fat Free Mass Response to HIIE

The effect of HIIE on fat free mass (FFM) has not been extensively examined.
FFM is composed of all nonfat tissues in the body. One study using dual-energy X-
ray absoptiometry (DEXA) found that trunk muscle mass was significantly increased
in young females by 0.6 kg after 15 weeks of HIIE, (Trapp et al., 2008) whereas
another study using magnetic resonance imaging (MRI) showed a significant
increase in thigh muscle cross sectional area of older males and females after HIIE
(Boudou, Sobngwi, Mauvais-Jarvis, Vexiau, & Gautier, 2003). The 1.2 kg increase
in total FFM found after HIIE confirms the ability of this type of exercise to increase
FFM (Heydari, Freund, & Boutcher, 2012; see Chapter 3). However, the length of
this 12-week intervention was 3 weeks less than that conducted by Trapp et al.
(2008) that used females as participants. As exercise HRs and relative exercise
intensity of the two trials were similar it appears that males responded with a similar
decrease in total fat but a greater increase in FFM after HIIE. FFM increase in the
trunk after HIIE was 0.7 kg for males and 0.4 kg for females, whereas in the legs was
0.4 kg for males and 0.1 kg for females. Thus, males compared to females recorded
greater increases in FFM in their trunk and legs. This characteristic may be important
for fat loss programs as it has been shown that muscle mass is typically decreased
after dietary restriction (Saris, 1993) and is typically unchanged after aerobic
exercise training (Stiegler & Cunliffe, 2006). The significant increase in leg FFM
may also reflect important metabolic adaptations resulting in enhanced insulin

sensitivity (Burgomaster, Hughes, Heigenhauser, Bradwell, & Gibala, 2005).
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Fat Loss Response to HIIE

Regular physical activity is crucial to maintain a normal body weight and to
avoid obesity and its complications. It seems that steady state exercise causes a small
change in fat metabolism and total body fat. However HIIE is a time efficient and
more effective method for losing fat mass (Wu et al., 2009). The mechanisms
underlying the beneficial effect of HIIE and why it is superior to steady state exercise
in losing fat are not fully understood and require more research. A number of
different metabolic pathways and hormonal response are probably involved.
Furthermore, HIIE can change the substrate utilization in favour of fat oxidation
which results in fat loss. Talanian et al. (2007) found a significant increase in fat
oxidation and a decrease in carbohydrate utilization after only seven sessions of
HIIE.

Some studies have compared the fat loss effect of both HIIE and steady state
exercise trainings. Trapp et al. (2008) compared steady state exercise (40 min cycling
at 60% VO,max) with HITE (20 min of 8-sec sprint, 12-sec recovery on the bike) after
15 weeks of training in young overweight females. Aerobic fitness improved in both
groups but only the HIIE group reduced body mass, total fat mass, trunk fat, and
fasting insulin levels. Irving et al. (2009) have shown a decrease in total body fat
along with abdominal and subcutaneous fat mass after 16 weeks of HIIE, however,
exercise at low intensity failed to reduce abdominal and subcutaneous fat. Other
studies have also showing similar results. For example, Tremblay et al. (1994) found
greater subcutaneous fat reduction in a HIIE group but not in a steady state group

after 24 weeks of training.
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It has been shown that visceral fat is an independent predictor of all cause
mortality (Kuk et al., 2006). HIIE is thought to be a time and cost effective exercise
modality for fat loss, particularly visceral and abdominal fat. Trapp et al. (2008)
found a significant reduction in abdominal fat (0.15 kg) after 15 weeks of HIIE. In
this context Boudou et al. (2003) reported a 44% reduction in abdominal fat along
with a 48% increase in insulin sensitivity without a change in body weight in type 2
diabetic patients after 8 weeks of HIIE exercise. Similar findings were found by
Mourier et al. (1997) who showed that visceral and subcutaneous adipose tissue
decreased by 48% and 18% respectively. Interestingly, there was no body weight
change but insulin sensitivity increased by 46%.

Over all, results show that HIIE is a successful method for reducing total body
mass as well as visceral and abdominal fat. It seems that participants who possess
greater abdominal and visceral fat show more reduction after regular HIIE exercise
(Boutcher, 2011). More research is needed to identify the exact mechanisms behind
the HIIE effects on visceral and abdominal fat but increases in oxidative capacity and

catecholamine levels are possibly involved. The major HIIE effects are summarized

in Table 1.2.
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Table 1.2. Effect of high-intensity intermittent exercise on subcutaneous and abdominal fat, body mass, waist circumference, and VOmax

. - . Type of
Study Sub(;;lfazlllzc))us A?io(l;:g)lal Body mass Wg(lz;f r Type of HIIE ir{j[Z?\iEE t?ofn VOaumax seIrlllsSiltliI\lflilty measurement
for abdo fat
Boudou et al. (2003) J18% i‘j;z )g 8 1.7kg (2%) # 2 min/ 3 min 18 weeks # 158% MRI
Burgomaster et al. (2008) # # 0 1.0kg (5%) # Wingate 6 weeks 4% # #
Dunn (2009) &(15'02 ;‘g {t '6?) /Ok)g 3 1.4kg (2%) &(34;3“1 8sec/12sec  12weeks  ©14%  £24% DEXA
Helgerud et al. (2007) # # 4 .8kg (1%) # 15 sec/15 sec 8 weeks 6% # #
Helgerud et al. (2007) # # 0 1.5kg (2%) # 4 min/4 min 8 weeks 8% # #
Mourier et al. (1997) 018% 048% & # SSE-/2/3min 10 weeks  ©41% 146% MRI
Perry, Heigenhauser, . o
Bonen & Spriet (2008) # # # # Wingate 2 weeks 9% # #
Tjonna ct al. (2008) " " 82.3kg (2.5%) {‘fs-g/gm Amin3min 16weeks  $35%  ©24% 4
()
Tionna ct al. (2009) 85% 88%  f.1kg (.03%) &(77%/;“1 Amin3min  12weeks  £10%  ©33%  DEXA
0
Trapp et al. (2008) 025kg  DSke g, 50 (s0) " §sec/l2sec  1Sweeks  ©24%  €33%  DEXA
(12%) (9.5%)
(1) . (1)

Tremblay, Simoneau, 0 o 0 . 0 .
& Bouchard (1994) 19% 49% 4.01kg (.01%) # 30sec/3min 24 weeks  120% # Skinfold
Warburton et al. (2005) # # 8 3.0kg (4%) # 2 min/2 min 16 weeks  1415% # #
Whyte, Gill, & Cathcart 324 cm
(2010) # # 8 1.0kg (.1%) (2'%) Wingate 2 weeks 9% 125% #

Note. {tIndicates increased; & Indicates decreased; <>Indicates no change; #not recorded
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Visceral Fat Response to HIIE

Visceral adipose tissue is a strong independent predictor of glucose tolerance
(Brochu et al., 2000), insulin resistance (Després et al., 1995; Fox et al., 2007; Ross,
Aru, Freeman, Hudson, & Janssen, 2002), dyslipidemia (Kanaley et al., 2001;
Nguyen-Duy, Nichaman, Church, Blair, & Ross, 2003), incidence of cardiovascular
disease (Fujimoto et al., 1999; Nakamura et al., 1994), myocardial infarction
(Nicklas et al., 2004), hypertension (Hayashi et al., 2004; Rhéaume et al., 2009),
metabolic syndrome (Després, 2006), type 2 diabetes (Boyko, Fujimoto, Leonetti, &
Newell-Morris, 2000; Bray et al., 2008), and all-cause mortality (Kuk et al., 2006).
Mourier et al. (1997) showed a significant reduction in visceral fat, measured by
MRI, following an exercise regimen consisting of steady state exercise and HIIE for
8 weeks. These findings also add to the results of studies that have shown that
aerobic training interventions decrease visceral adipose tissue (Ohkawara, Tanaka,
Miyachi, Ishikawa-Takata, & Tabata, 2007). It has been shown that with a similar
BMI, individuals with high levels of aerobic fitness, compared with individuals with
low levels of aerobic fitness, have lower amount of visceral adiposity (Wong et al.,
2004).

Whether there is a sex difference in response to visceral fat loss is unclear. It
seems that men, compared with women, show greater visceral fat reductions
(Donnelly et al., 2003; Poehlman, Dvorak, DeNino, Brochu, & Ades, 2000; Wilmore
et al., 1999), however, men have greater exercise capacity which leads to higher
energy expenditure and consequently they may lose more visceral fat.

The relationship between WC, hip circumference (HC), BMI, and visceral fat

is important from a clinical health perspective. It has been shown that visceral
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adipose tissue is negatively associated with HC, thigh circumference, and BMI after
controlling for WC but only HC remains negatively associated with visceral adipose
tissue after control for WC and age (Kuk, Janiszewski, & Ross, 2007b).

As visceral compared to overall obesity is more strongly associated with
cardiovascular disease risk (Kuk et al., 2006), the ability of HIIE to reduce visceral
fat may have positive health implications. For example, it was shown that reduction
in visceral fat was associated with improvement in glucose and lipid metabolism
(Ross, et al., 2000). Further, Okauchi et al. (2007) found that a reduction in visceral
fat lowered risk of atherosclerotic cardiovascular disease. Interestingly, Ohkawara et
al. (2007) estimated the optimal dose of aerobic exercise necessary to significantly
reduce visceral fat and concluded that 3,780 kcal expended per week was needed. As
an exercise session (e.g., cycling on a stationary cycle ergometer) lasting around an
hour at a moderate exercise intensity expends about 520-550 kcal then to reach an
optimal exercise caloric expenditure of 3,780 kcal per week an individual would
have to perform approximately seven one-hour exercise sessions per week. In
contrast, participants in Study II, described in Chapter 3, exercised for only one hour
per week. Also Donnelly et al. (2003) conducted a 16-month, 5 hours of aerobic
exercise per week program with overweight young males and recorded a 23%
decrease in visceral fat. Thus, it appears HIIE can bring about significant decreases
in visceral fat (17% reduction) with programs that are both significantly shorter in
length (e.g., 16 months versus 3 months) and have less exercise commitment per
week (5 hours versus 1 hour) (Heydari et al., 2012; see Chapter 3).

Although visceral fat reduction can be accompanied by total weight loss, some
studies have shown visceral fat loss with no or a small decrease in body mass.

Johnson et al. (2009) found a visceral fat reduction in obese men and women after 4
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weeks of cycling training at an intensity of 50-70 % of VOapex Was accompanied with
no weight loss. This was also supported by prior research showing visceral fat
reduction with minimal weight loss (Ross et al., 2004; Slentz et al., 2005).

In a recent meta-analysis, it was shown that aerobic exercise training is
effective in reducing visceral adipose tissue in overweight or obese people, whereas
resistance training dose not significantly induce visceral fat loss, however, there is an
association between exercise volume and visceral adipose tissue modification. This
dose response relationship leads to a greater amount of energy expenditure and fat
loss. In a combination of both aerobic and progressive resistance training, it seems
that aerobic component of training play a central role in visceral adipose tissue
modification (Ismail, Keating, Baker, & Johnson, 2012). Our study (Heydari et al.,
21012, see Chapter 3) appears to be the first to examine the effects of 20-min bouts

of HIIE on visceral fat of young males.

Heart Period Variability Response to HIIE

Heart period variability is a sensitive index of vagal control of the heart which
reflects thythmic variations in HR at the frequency of respiration. HPV analysis is a
non invasive method to investigate the autonomic regulation of the heart. Low HPV
is associated with a number of cardiac events such as sudden cardiac death, heart
failure, diabetes, hypertension, asymptomatic left ventricular dysfunction, and
myocardial infarction. It has been shown that cardiac autonomic balance was
improved by regular exercise training (Rowell, 1986).

The effect of endurance training on HPV, however, is inconclusive. Some
longitudinal studies, from 6 weeks to 5 years, have found an increase in HPV in

healthy participants with low, moderate and high-intensity endurance training
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(Amano, Kanda, Ue, & Moritani, 2001; Carter, Banister, & Blaber, 2003; Jurca,
Church, Morss, Jordan, & Earnest, 2004; Kiviniemi et al., 2006; Lee, Wood, &
Welsch, 2003; Leicht, Allen, & Hoey, 2003; Levy et al., 1998; Melanson &
Freedson, 2001; Mourot, Bouhaddi, Perrey, Rouillon, & Regnard, 2004; Schuit et al.,
1999; Tulppo, et al., 2003). However, other studies showed no change in HPV after
endurance training (Catai et al., 2002; Loimaala, Huikuri, Oja, Pasanen, & Vuori,
2000; Martinmaki, Hakkinen, Mikkola, & Rusko, 2008; Uusitalo, Laitinen,
Viisdnen, Linsimies, & Rauramaa, 2004). These conflicting results could be a result
of using different training protocols, (duration, frequency, intensity and participant‘s
characteristics) or different techniques for measuring HPV.

With regard to intense training Levy et al. (1998) showed an increase in HPV
after 6 months of intense training in both old and young males, however, Catai et al.
(2002), Loimaala et al. (2000), and Uusitalo et al. (2004) did not find any change in
HPV. It has been found that young people had a better response to endurance training
compared to their middle-aged counterparts (Carter et al., 2003). A significant effect
of exercise training on resting HF power and RR interval has been found in a meta-
analysis and the greater change in RR interval has been shown in younger
participants and also in longer interventions lasting over 12 weeks (Sandercock,
Bromley, & Brodie, 2005).

Sloan et al. (2009) showed that autonomic control of the heart was enhanced
after 12 weeks of endurance exercise in sedentary healthy young males but HPV did
not improve in females or in the resistance training group. Madden et al. (2006) also
found similar results when comparing aerobic endurance and resistance training after

6 months in older women. Strength training with moderate to high intensity has
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shown no effect on HPV change in young and older adults (Cooke & Carter, 2005;
Karavirta et al., 2009).

Despite the advantages of HIIE in improving aerobic power most of the studies
investigating the effects of exercise training on HPV have used continuous endurance
training. Only two studies have looked at HPV using interval training in older active
males and coronary artery disease (CAD) populations and results showed an increase
in HPV after interval training (Munk, Butt, & Larsen, 2010; Pichot et al., 2005).
Whether high-intensity interval exercise has an effect on HPV in overweight young

males is unknown. The effects of exercise on HPV are summarized in Table 1.3.
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Table 1.3. Effect of exercise on heart period variability

Study Fl\(:[;l;l/e sfl:}.e(;is Intensity Type of exercise illlt‘::fetll: t(i)(fn HPV
Amano et al. (2001) M/F 40s 18 Moderate cycling 20 min 3 times/w 12 weeks i)
Moderate 12 weeks &
Carter et al. (2003) M/F 19-21 24 High running 45-60 min 4 times/w 12 weeks i)
40-45
Catai et al. (2002) M 21 17 70-85% of HR peak walking and/or jogging 40 min 3 12 weeks i)
53 times/w
Cooke & Carter (2005) M/F 21 21 High Resistance 3times/w 8 weeks &
Cornelissen, Verheyden, M/F 55 36 Low and High walking/ jogging/cycling 50 min 3 30 weeks &
Aubert, & Fagard (2009) times/w
Currie, Thomas, & M 25 14 65% of VOpmax cycling 2 hrs/day 6 days &
Goodman (2009)
Dougherty, Glenny, M/F 55 10 60-80% of HR max walking/ cycling 1 hour 3 times/w 8 weeks i)
& Kudenchuk (2008)*
Iwasaki, Zhang, Zuckerman, M/F 29 11 Moderate and High walking and jogging/running 30-45 lyear i)
& Levine (2003) min 3-4 times/w in the first 3 mon
Jurca et al. (2004) F 57 88 Moderate walking/cycling 44 min 3-4 8 weeks i)
times/w
Kakiyama et al. (2005) M 21 10 70% of VOymax cycling 30 min 3-4 times/w 8 weeks &
Karavirta et al. (2009) M 40-67 93 Moderate cycling 30-60 min 2 times/w and 21 weeks &
resistance training
Kiviniemi et al. (2006) M 26 17 70-80% of HR max walking and jogging 30-60 min 6 8 weeks i)
times/w
Lee et al. (2003) M 23 24 High 80-85% of VO,ax  cycling 40 min 4 times/w 2 weeks T
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Table 1.3. Effect of exercise on heart period variability (continued)

Male/ No. of . . Length of
Study Female subjects Intensity Type of exercise in ter‘gen tion HPV
Loimaala et al. (2000) M 45-47 83 Low:55% of VOyax walking/ jogging 30 min, 4-6 20 weeks &
High:75% times/w
Madden et al. (2006) F 70 45 High endurance exe 5 times/w and 24 weeks frendu
resistance training rance
&resi
stance
Martinméki et al. (2008) M 36.8 11 Low to High cycling 15 min 2 times/w 14 weeks &
Melanson & Freedson (2001) M 25-45 11 80% HR max cycling 30 min 3 times/w 4-6 16 weeks i)
times/w
Mourot et al. (2004) M 18-22 8 # cycling, 3 times/w 6 weeks 1
Munk et al. (2010)* M/F 58 20 # HIIE 24 weeks 1
Pichot et al. (2005) M 73.5 11 65-85% of HRmax cycling interval exe 45 min.4 14 weeks i)
times/w. 9*5min bouts. (4min at
65%HRmax +1 min at 85%)
Schuit et al. (1999) M/F 67 51 Moderate different kinds of exe 45 min 24 weeks 1
3times/w
Sloan et al. (2009) M/F 18-45 149 70% HR max running/cycling 45-60 min/ 12 weeks ftendu
resistance training, 3-4 times/w rance
eresi
stance
Tulppo et al. (2003) M 35 55 # walking and jogging 30/60 min 6 8 weeks 1
times/w
Uusitalo et al. (2004) M 53-63 89 # walking/jogging/swimming/cycling 5 years &
45-60 min 3-5 times/w
Verheyden, Eijnde, Beckers, M 55-75 37 65-80% of HR Res cycling /walking/ jogging 75 min 1 year &
Vanhees, & Aubert (2006) 10 times/4 weeks
Yamamoto, Miyachi, Saitoh, M 22 12 80% of VOyax cycling 40 min 4 times/w 6 weeks 1

Yoshioka & Onodera (2001)

Note. ftIndicates increased; & Indicates decreased; <>Indicates no change; *study has been done on cardiac patients; #not recorded.
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Baroreflex Response to HIIE

Arterial baroreflex is an important physiological mechanism which controls the
homeostasis of BP in the short and long-term period (Persson, 2005; Schachter,
1997). The homeostatic influence of the baroreflex is of crucial importance to
cardiovascular flexibility and its inhibition during challenging situations is an
integral part of the autonomic response to stressful conditions, supporting adaptive
reactions in the organism—environment interactions (Reyes Del Paso, Gonzalez, &
Herndndez, 2004; Reyes Del Paso, Gonzalez, Hernandez, Duschek, & Gutiérrez,
2009; Yasumasu, Reyes Del Paso, Takahara, & Nakashima, 2006).

Changes in the sensitivity of baroreceptor reflex may have diagnostic and
prognostic value in some populations like patients with hypertension, myocardial
infarction, heart failure, and diabetes (Parati, Di Rienzo, & Mancia, 2000). Reduced
arterial BRS has been reported in hypertensives (Gribbin, Pickering, Sleight, & Peto,
1971; Krontoradova et al., 2008; Parmer, Cervenka, & Stone, 1992) and chronic
obstructive pulmonary disease (COPD) patients (Costes et al., 2004). This low
sensitivity of arterial baroreflex is associated with impaired regulation of arterial BP
(Shi et al., 2000) and higher cardiovascular event risk (Mancia, Grassi, Giannattasio,
& Seravalle, 1999; Robinson, Dawson, Eames, Panerai, & Potter, 2003).

Overweight and obese people also have a reduced cardiovagal BRS especially
those with elevated abdominal visceral fat (Alvarez, Beske, Ballard, & Davy, 2002;
Beske, Alvarez, Ballard, & Davy, 2002; Gordon, Scott, & Levine, 1997; Grassi et al.,
1995; Grassi et al., 2000; Honzikova et al., 2006; Hubert, Feinleib, McNamara, &

Castelli, 1983; Kriketos et al., 2001; Lazarova et al., 2009).
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The effects of different types of exercise training on autonomic function (ANS)
have been investigated in a number of studies. Evidence shows that BRS increases
after intense aerobic exercise (Madden, Lockhart, Potter, & Cuff, 2010; Martin-
Viazquez & Reyes del Paso, 2010). As opposed to intense aerobic exercise, mild to
moderate aerobic exercise, such as walking or jogging did not improve the BRS in
middle-aged healthy sedentary males (Loimaala et al., 2000). Endurance training also
favourably increases BRS (Cooke et al., 2002; Costes et al., 2004; Gardenghi et al.,
2007; Grassi, Seravalle, Calhoun, & Mancia, 1994; lellamo, Legramante, Massaro,
Raimondi, & Galante, 2000; Iwasaki et al., 2003; Komine, Sugawara, Hayashi,
Yoshizawa, & Yokoi, 2009; Krieger, Da Silva, & NegrAO, 2001; La Rovere,
Bersano, Gnemmi, Specchia, & Schwartz, 2002; Laterza et al., 2007; McDonald,
Sanfilippo, & Savard, 1993; Monahan et al., 2000; Monahan, Tanaka, Dinenno, &
Seals, 2001; O'Sullivan & Bell, 2000; Somers, Conway, Johnston, & Sleight, 1991).
A study using patients with myocardial infarction showed significant improvement in
BRS after 6 weeks of leg ergometer training (Leitch et al., 1997).

Several studies showed an increase in BRS after aerobic exercise and a
decrease following resistance training (Collier et al., 2008; Gulli, Cevese,
Cappelletto, Gasparini, & Schena, 2003; Monahan, et al., 2000; Shin, Minamitani,
Onishi, Yamazaki, & Lee, 1995; Ueno & Moritani, 2003). In a recent study using
rats, BRS was reduced after 10 weeks of resistance exercise compared to sedentary
or aerobic training groups (Silveira et al., 2011).

It has been shown that exercise also improves the BRS through weight loss.
There is evidence that 5-10% weight loss significantly increased resting BRS

(Alvarez, Davy, Ballard, Beske, & Davy, 2005). Whether high-intensity interval
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training improves the autonomic function and baroreflex responses in overweight

young men, however, is unknown.

Arterial Stiffness Response to HIIE

Arterial stiffness is a risk factor for cardiovascular disease morbidity and
mortality (Laurent et al., 2001) including heart failure, myocardial infarction as well
as stoke, renal disease, and dementia (Safar, Levy, & Struijker-Boudier, 2003).
Reduction in buffering function of the large arteries (e.g., aorta) due to arterial
stiffness leads to an increase in left ventricular hypertrophy, systolic BP, and
coronary ischemia (Rajkumar, Cameron, Christophidis, Jennings, & Dart, 1997).

Some of the causes and locations of arterial stiffness are illustrated in Figure 1.8.

Media:

T VSMC, collagen,
AGE's, MMP

4 Elastin

Endothelial Cells:
Endothelial dysfunction
Increased permeability

Intima;

Teollagen, AGE’s, M®,

leukocytes, I-CAM, Adventita:
MMP, TGF-B, VSMC 1 collagen,
L Elastin fibroblasts

Extrinsic Influences: NaCl, lipids, angiotensin, sympathetic
neurohormones, shear stress, increased luminal diameter

Figure 1.8. Summary of the multiple causes and locations of arterial stiffness

Source: Zieman, S. J., Melenovsky, V., & Kass, D. A. (2005). Mechanisms, pathophysiology, and
therapy of arterial stiffness. Arteriosclerosis, Thrombosis, and Vascular Biology, 25(5), 932-943.

Commonly used non-invasive methods to assess arterial stiffness include:
central and peripheral pulse wave velocity analysis (PWV), which are measured by
applanation tonometry or photoplethysmography; Augmentation Index (Alx), which
is based on pressure waveform; and MRI.
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There are number of ways to lessen arterial stiffness including weight loss,
reducing salt intake and alcohol consumption, and exercise. In this section the effects
of different types of exercise on reducing arterial stiffness will be reviewed.

It has been shown that obese individuals typically possess an increase in
arterial stiffness (Wildman, Mackey, Bostom, Thompson, & Sutton-Tyrrell, 2003)
which is an early marker of vascular wall damage (van Popele et al., 2001). It was
also reported that moderate weight loss was associated with artery elasticity
improvement in obese participants (Goldberg, Boaz, Matas, Goldberg, &
Shargorodsky, 2009). Sciacqua et al. (2003) found an improvement in forearm blood
flow (FBF) respond to acetylcholine (ACh) after a combined weight loss and low
intensity aerobic intervention in healthy obese participants. Although Tanaka et al.
(2000) found a reduction in arterial stiffness after 3 months of endurance training
with a moderate intensity in middle-aged men, the improvement in arterial
compliance was not associated with changes in body mass, BP, adiposity, or VO2ax.
This is in agreement with prior research. Balkestein et al. (1999) found no change in
compliance and distensibility of large arteries in an isobaric condition after 3 months
of energy restricted diet which resulted in significant weight loss and lowered BP.
Those arterial wall properties improved at operating pressure but not during the
isobaric condition suggesting an indirect effect of weight loss through a decrease in
BP. Balkestein et al. (1999) also found that adding a low intensity physical activity to
this program did not improve arterial wall properties. The principal of applanation

tonometery is illustrated in Figure 1.9.
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Figure 1.9. The principle of applanation tonometery*

Source: Clinical Cardiovascular Advisory Group. (n.d). A clinical guide pulse wave analysis Retrieved
18 January 2013, from www.atcormedical.com.

In another study using postmenopausal women with elevated BP, two groups
of participants, sodium restricted and exercise, were compared. Central pulse wave
velocity (CPWYV), peripheral pulse wave velocity (PPWV), and AIx were unchanged
after 13 weeks of aerobic training, whereas CPWYV and Alx improved in a sodium-
restricted group (Seals et al., 2001). This result is most likely due to the reduced
systolic BP and pulse pressure in the sodium-restricted group.

Data on the effects of exercise on arterial stiffness are sparse. It seems that
having a highly active lifestyle reduces central arterial stiffness in both males and
females. It has been reported that older active males and females showed a 26 to 30%
lower level of aortic PWV and 36 to 50 % lower level of carotid Alx respectively,
compared to sedentary counterparts (Tanaka, DeSouza, & Seals, 1998; Vaitkevicius
et al., 1993). The reliability and reproducibility of Alx and PWV to determine

arterial stiffness have been demonstrated (Papaioannou et al., 2004; Salvi et al.,

! The artery is partially compressed against a hard structure. The small sensor (0.5 mm in diameter)
detects the force on the artery wall.
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2008; Wilkinson et al., 1998). An example of a central pressure wave form is

illustrated in Figure 1.10.

Figure 1.10. Diagram of central pressure waveform?

Source: Sharman, J. E., Davies, J. E., Jenkins, C., & Marwick, T. H. (2009). Augmentation index, left
ventricular contractility, and wave reflection. Hypertension, 54(5), 1099-1105.

Regular aerobic training has been shown to be an effective way to improve
arterial compliance in healthy young (Cameron & Dart, 1994; Kakiyama et al.,
2005), elderly (Moreau, Donato, Seals, DeSouza, & Tanaka, 2003; Tanaka et al.,
2000), congestive heart failure (Parnell, Holst, & Kaye, 2002), and diabetes patients
(Madden, Lockhart, Cuff, Potter, & Meneilly, 2009; Yokoyama et al., 2004). The
decreased arterial compliance can be improved by even several weeks of regular
exercise training in healthy middle-aged adults (Collier et al., 2008) and participants
with coronary artery disease (Edwards, Schofield, Magyari, Nichols, & Braith,

2004). Although in a recent study, arterial stiffness determined by PWV and Alx

2 Tr: timing of the reflected pressure wave; P1: first systolic peaks; P2: second systolic peak
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normalized to a rate of 75 b-min' (AIx@75 HR) showed no change after 8 weeks of
endurance training in postmenopausal women (Sugawara et al., 2012). This is in line
with the findings of Ferrier et al. (2001) on systolic hypertensives. They found no
change in CPWV and PPWYV after 8 weeks of moderate intensity cycling in elevated
BP participants. Overall, most studies using aerobic or endurance training such as
cycling, walking, and running which involve large muscle group have shown
changes in arterial haemodynamics and systemic arterial shear stress.

Contrary to aerobic endurance exercise, moderate or high-intensity resistance
training increases arterial stiffness in both acute and long term response to training in
healthy young men and women (Collier et al., 2008; Fahs, Heffernan, & Fernhall,
2009; Kawano, Tanaka, & Miyachi, 2006; Miyachi et al., 2004; Yoon et al., 2010).
But Yoshizama et al. (2009) found no change in central and peripheral arterial
stiffness after 12 weeks of resistance training in women (Yoshizawa et al., 2009).
Okamato et al. (2009a) have shown an increase in peripheral arterial stiffness with
upper resistance training but no change with lower resistance training. In another
study by Okomato et al. (2009b) peripheral arterial stiffness was reduced after 10
weeks of home-based resistance training in women. In a cross sectional study the
whole body arterial stiffness was higher in strength-trained athletes compared to the
age-matched sedentary controls (Bertovic et al., 1999).

In a combination of resistance and endurance training, carotid arterial
compliance was unchanged after 16 weeks of training (Kawano et al., 2006), whereas
McGavock et al. (2004) have shown an increased in large artery compliance after 10
weeks of combined training with similar exercise intensities for both studies.

Some training studies have shown arterial stiffness changes in central arteries,

such as the aorta or carotid arteries (Hayashi, Sugawara, Komine, Maeda, & Yokoi,
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2005; Tanaka et al., 2000; Yoshizawa et al., 2009), whereas peripheral arterial
stiffness showed no improvement after exercise training (Hayashi et al., 2005;
Yoshizawa et al., 2009).

In terms of intensity, Sugawara et al. (2004) found a lowered arterial stiffness
after 12 weeks of aerobic exercise with both low, 40% of HR reserve, and moderate,
70% of HR reserve, intensity in women suggesting no intensity effect, whereas Goto
et al. (2003) showed an augmented endothelium-dependent vasodilation with
moderate intensity, 50% of VO, max but not low (25%) and high (75 %) intensity in
young healthy males. It has been shown that exercise as short as 6 days of intense
endurance training can improve central and peripheral arterial stiffness measured by
PWYV but not Alx in healthy young males (Currie et al., 2009). It may be difficult to
improve normal endothelial function in healthy individuals with low to moderate
intensity exercise, whereas more intense training may enhance greater vasodilator
improvements via oxidative stress and different shear stress pattern (Green, Spence,
Halliwill, Cable, & Thijssen, 2011).

In a comparison between acute interval and constant exercise, Tordi et al.
(2010) found a greater response for vascular adaptations (lower PWV) by
intermittent exercise in lower limb with relatively moderate intensity matched for
both types of exercise. Also in an acute response to HIIE, Rakobowchuk et al. (2009)
found a decrease in central arterial distensibility and an increase in peripheral arterial
distensibility during the recovery period, whereas Kingwell et al. (1997) showed an
increase in both central and peripheral arterial compliances after acute moderate
intensity exercise.

Greater adaptations in interval training might be related to greater stimulus of

pulsatile stretch determined by fluctuation in arterial pressure and shear stress
49



Chapter 1. Literature Review

determined by blood flow (Hodis & Zamir, 2009). Larger cardiac output (CO)
fluctuations during interval exercise may modulates vascular shear stress and result
in a higher endothelium-derived nitric oxide (NO) and other substances (Green,
Maiorana, O'Driscoll, & Taylor, 2004). NO is a vasodilator and exerts its effect on
vascular smooth muscle. In addition, some other vasodilators such as atrial
natriuretic peptide (ANP) may release more in interval training than constant
exercise. This is because of higher intra-atrial pressure and lower mediastinal
pressure during this type of exercise (Schmitt et al., 2004).

It has been shown that low volume of HIIE could provide similar
improvements in peripheral arterial distensibility and endothelial function as with
high volume endurance training in healthy young participants (Rakobowchuk et al.,
2008) indicating the effectiveness and time efficiency nature of HIIE compared to
steady state exercise training. However, in a recent study using the same HIIE
protocol, Whyte et al. (2010) did not find any change in arterial stiffness over 6
sessions of HIIE during two weeks of training.

The inconsistency among these intervention results and variability in the
outcomes might be due to using various exercise protocols with different frequency,
intensity, and exercise duration as well as training modality. Applying different
measurement techniques in assessing arterial stiffness may also have contributed to
this discordance.

To date no study has investigated the effects of long term high-intensity
intermittent training on arterial stiffness in young overweight males. The arterial
stiffness improvement determined by PWV and AIx75 in the Chapter 3 study might
be due to either an indirect effect of weight loss and reduced BP or an enhanced

contractile state of vascular smooth muscle. Other possible mechanisms which
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underlie these mostly functional changes are a decrease in the release of
neurohormonal vasoconstrictions and declined efferent sympathetic tone as well as
an enhanced release of NO stimulated by an increased endothelial mechanical
signalling including pulsatile flow and stretch (Green et al., 2005).

Whether the structural parts of the vessels determined by compliance
coefficient, distensibility coefficient, and diameter have changed after HIIE
needs to be further investigated. The exercise effects on arterial stiffness are

summarized in Table 1.4.>

3 Distensibility and compliance are important vessel wall properties. Distensibility is the ability of a
vessel to stretch and is related to elastic properties of the arterial wall, and compliance is the ability of
a vessel to stretch and hold volume and reflects the buffering function of the artery. Distensibility is
defined as the compliance divided by the arterial volume.
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Table 1.4. Effect of exercise on arterial stiffness

Study Fhe/l:lfl/e sfl?j.e(;it‘s Intensity Type of exercise ;f:igyth of Result
Cameron & Dart (1994) M 18-32 13 75% of VOy max ~ cycling 30 min 3 times/w 4 weeks Arterial complianceft
Collier et al. (2008) M/F 48 30 65% of VO, max ~ running 3 times/w 4 weeks CPWV & PPWV 1} in
and 10RM resistance 3 times/w resistance but ¥in
aerobic training
Currie et al. (2009) M 25 14 65% of VO max  cycling 2 hrs/day 6 days CPWV & PPWV{but
AlX75©
Ferrier et al. (2001)* M/F 64 20 65% of HR max cycling 40 min 3 times/'w 8 weeks CPWV & PPWV®
Goldberg et al. (2009)* M/F 55.3 37 mod cycling /walking / jogging 24 weeks Artery elasticity
60 min 4 times/w + diet improved
Goto et al. (2003) M 21 26 25/50/75% of  cycling 30min 5-7times/w 12 weeks Endothelium-dependent
VO, max vasodilationf in 50%
Hayashi et al. (2005) M 31-64 17 75% of HR max  walking/ jogging 45 min 16 weeks CPWVI{but PPWV&
3-4 times/w
Kakiyama et al. (2005) M 21 10 70% of VO2 cycling 30 min 3-4 8 weeks CPWV{but AIx75©
max times/w
Kawano et al. (2006) M 21 39 50% of 1IRM resistance 3 times/w 16 weeks Carotid arterial
resistance & endurance compliance ¥ in
resistance but < in
resistance &endurance
Madden et al. (2009)° M/F 65-83 36 60-75% of HR  running /cycling 60 min3 12 weeks PWVY
max imes/w
McGavock et al. (2004)° F 59 28 65-75% of HR  cycling 30-55min and 10 weeks Large arteriy
Res resistance 3 times/w complianceft
50-65% of 1IRM
Miyachi et al. (2004) M 20-38 28 80% of IRM resistance 3 times/w 16 weeks Carotid arterial
compliance ¥
Moreau et al. (2003) F 58 11 65-80% of HR ~ Walking 40-45 min 4-5 12 weeks Carotid arterial

max
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Table 1.4. Effect of exercise on arterial stiffness (continued)

Study Fl\;ll?ll:l/e sfl?j.egs Intensity Type of exercise i;f:(lgh of Result
Moreau et al. (2003) F 58 11 65-80% of HR ~ Walking 40-45 min 4-5 12 weeks Carotid arterial
max times/w compliance f
Okamoto, Masuhara, & Ikuta M/F 20.1 30 80% of IRM resistance 2 times/w 10 weeks PPWV1 in upper
(2009b) resistance training
PPWV® in lower
resistance training
Okamoto, Masuhara, & Ikuta F 42-55 12 # resistance 40 min 2times/w 10 weeks PPWVL
(2009a)
Parnell et al. (2002)° M/F 17-70 21 50-60% of HR  cycling /walking/weights 8 weeks arterial compliance 1 but
max 30min 3times/w to 60 min CPWV & PPWV &
5-7 times/w Alxe
Rakobowchuk et al. (2008) M/F 23.3 20 HIIE: Wingate  HIIE:4-6 30 sec 3/w 6 weeks Peripheral artery
Endurance: Endurance: cycling at 40- distensibility and
65 % of VOyax 60 min 5 times /w endothelium-dependent
vasodilationt but
carotid artery
distensibility <
Seals et al. (2001) F >50 35 65-80% of HR  walking 40-45 min 5-7 13 weeks CPWV, PPWV&
max times/w AIX75@
Sugawara et al. (2012) F 59-61 45 60-75% of HR  cycling 25-45 min 3-6 8 weeks PWV&
max times/w AlX75®
Sugawara, Inoue, Hayashi, F 52-66 15 Low: 40% of HR  cycling 3-5 times/w 12 weeks Central arterial
Yokoi, & Kono (2004) Res compliance f
High: 70% of
HR Res
Tanaka et al. (2000) 53 20 70-75% of HR  walking/ jogging 40-45 12 weeks Central arterial
max min 4-6 times/w compliance 1
Thijssen, De Groot, Smits, & M 70 8 65-85% of HR  cycling 20 min 3 times/w 8 weeks Peripheral vasuculture
Hopman (2007) Res improved but central
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Table 1.4. Effect of exercise on arterial stiffness (continued)

Study Fl\;lli‘ll:l/e Age sfl?j.egs Intensity Type of exercise z;f:(lgh of Result

Whyte et al. (2010)* M 32.1 10 HIIE: Wingate = HIIE:4-6 30 sec 3/w 2 weeks PWV&

Wijnen et al. (1993) M 22-44 19 75% of VO, max  cycling 45 min 3 times/w 6 weeks Central & peripheral
arterial compliance &
distensibility

Yokoyama et al. (2004)° M/F 53 23 40-60% of HR  cycling /walking40 min 5 3 weeks Central & Peripheral

max times/w arterial stiffness &

Yoshizawa et al. (2009) F 32-59 35 60-70% of cycling 30 min 2 times/w 12 weeks Resistance: CPWV &

VO, max resistance 2 times/w PPWV&
60% of IRM Aerobic: CPWV ¥ but
PPWV&

Note. ©Indicates increased; & Indicates decreased; <>Indicates no change; study has been done on “overweight and obese patients, °diabetic patients, ‘cardiac
patients, “hypertensive patients; #not recorded; CPWV: central pulse wave velocity, PPWV: peripheral pulse wave velocity, Alx: augmentation index.
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Vascular Adaptation Response to HIIE

Arterial function assessment and improvement are crucial for cardiovascular
health. Cardiovascular disease and multiple sclerosis (MS) can be predicted by
assessing endothelial dysfunction (Bonetti et al., 2004; Gokce, Keaney, et al., 2002;
Ranadive et al., 2012; Rubinshtein et al., 2010) as subclinical markers of
atherosclerosis and CVD such as arterial dysfunction are present before clinical
symptoms (Agewall, 2003). The hypothesized response of arteries to increased flow
and shear stress following varying durations of exercise training are described in
Figure 1.11.

Endothelial function plays an important role in arterial stiffness although it is
not the only contributor. Numerous studies have investigated endothelial function by
using invasive and non-invasive approaches. Non-invasive methods include brachial
artery (BA) flow-mediated vasodilation, pulse wave velocity analysis and
augmentation index, finger plethysmography (EndoPAT), and measuring the
biochemical markers of endothelial dysfunction. Non-invasive techniques assessing
endothelial function can represent the coronary vascular function because of the
systemic nature of endothelial dysfunction (Arrebola-Moreno, Laclaustra, & Kaski,
2012).

Studies investigating the effects of exercise on arterial adaptation have shown
inconsistent results. Different adaptations may have been induced based on the time-
course of the training program. Short term exercise training enhances NO bioactivity
resulting in arterial functional improvement involving phenotype alteration of
endothelial cells and vascular smooth muscle but structural adaptations more likely

happen after longitudinal training due to an increase in arterial diameter,
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Figure 1.11. Hypothesized response of arteries to increased flow and shear

stress following varying durations of exercise training*

Source: Maiorana, A., Driscoll, G., Taylor, R., & Green, D. (2003). Exercise and the nitric oxide
vasodilator system. Sports Medicine, 33(14), 1013-1035.

angiogenesis, and remodelling. Artery remodelling, after extended exercise
program, may suppress functional adaptation and NO will typically return to a
normal level. Tinken et al. (2008) have assessed the time course of change in
endothelial function and vasodilatory capacity in the brachial artery during 8 weeks
of lower limb exercise training and found that endothelial function peaked after 2
weeks of training but returned to baseline levels after 8 weeks of training, whereas

vasodilatory response to reactive hyperemia continuously increased throughout the

4 (a) In untrained vessel baseline endothelial release of NO diffuses to smooth muscle and activates
GC leading to production of cyclic GMP. Cyclic GMP opens calcium channel causing smooth muscle
relaxation and vessel vasodilation. Localised fluctuations in release of NO act to homeostatically
regulate wall shear. (b) In vessel following medium-term exercise training acute increase in shear
stress, associated with repetitive exposure to increased flow during bouts of exercise, stimulates
increased endothelial NO production and consequent vasodilation. Up-regulation of the NO-dilator
system, including eNOS expression, occurs to buffer increased shear stress. (¢) In vessel following
long-term exercise training structural adaptation occurs, possibly partly due to NO-mediated changes
in smooth muscle cells, resulting in chronic increase in vessel calibre which normalise shear stress.
NO function returns towards baseline levels. eNOS: endothelial nitric oxide synthase; GC: guanylate
cyclase; GMP: guanosine monophosphate; GTP: guanosine triphosphate; NO: nitric oxide
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training period, showing remodelling adaptation. Similar results was found by Pullin
et al. (2004) who showed that endothelial function assessed by FMD of BA reached a
peak on day 6 of exercise training but returned to baseline on day 9. The
hypothesized response of vascular adaptation to exercise following varying durations

of exercise training are described in Figure 1.12.

Functional Structural
A Adaptation Adaptation

‘srnnnnnnnnn

Exercise Training

Figure 1.12. Vascular adaptation to exercise training®

Source: Green, D. J. (2009). Exercise training as vascular medicine: Direct impacts on the vasculature
in humans. Exercise and Sport Sciences Reviews, 37(4), 196-202

Regular exercise may induce a systemic effect on endothelial function through
a shear stress-independent mechanism (i.e., hormonal factors and circumference
stretch) and also alterations in the shear profile such as waveforms (Padilla et al.,
2011). Some prior research has indicated the systemic influence of exercise on the
vasoculture (Green et al., 2004; Green, O'Driscoll, Joyner, & Cable, 2008; Green et
al., 2011; Jasperse & Laughlin, 2006; Thijssen et al., 2010). However, Thijssen et al.
(2007) found no vascular adaptation in non-trained areas after 8 weeks of cycling in

older males. Thus, upper limb vascular adaptation after lower limb training is

> Exercise training is initially associated with rapid changes in artery function, including the
bioavailability of endothelium-derived nitric oxide (NO). This functional change is eventually
superseded by arterial remodelling.
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unclear. Results of studies examining the impact of lower limb exercise training on

upper limb vascular function in humans are shown in Table 1.5.
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Table 1.5. Studies of the impact of lower limb exercise training on upper limb vascular function in humans

Healthy subjects: Hypertension: Diabetes:

Kingwell, Sherrard, Jennings, gy Higashi et al. (1999) f+  Maiorana, O'Driscoll,

& Dart (1997) Cheetham et al. (2001)

Higashi et al. (1999) gy Moriguchi et al. (2005) f+  Lavrencic, Salobir, & Keber
(2000)

DeSouza et al. (2000) 1 Westhoff et al. (2007) f+  Fuchsjager-Mayrl et al. (2002)

Goto et al. (2003) t+&* CHF: Xiang & Wang (2004)

Pullin et al. (2004) 3y Maiorana et al. (2000) f+ CAD:

Maiorana, O'Driscoll, Dembo, & Linke et al. (2001) f+  Walsh, Bilsborough et al.

et al. (2001) (2003)

Thijssen et al. (2007) & Belardinelli, Capestro, Misiani, f+  Edwards et al. (2004)

Scipione, & Georgiou (2006)

Moriguchi et al. (2005) & Wisloff et al. (2007) 1 Gokce Vita et al. (2002)

Bergholm et al. (1999) 4 Demopoulos et al. (1997) &  Motohiro et al. (2005)

Hypercholesterolaemic: Dziekan et al. (1998) <&  Peripheral artery disease:

Lewis, Dart, Chin-Dusting, & T Kobayashi et al. (2003) &  Andreozzi, Leone, Laudani,

Kingwell (1999) Deinite, & Martini (2007)

Walsh et al. (2003) iy

Note. T Indicates enhanced upper limb vascular function following predominantly lower limb exercise training intervention, <>indicates no change,
Lindicates reduced function. *Goto found enhanced function with moderate intensity training, but no change with low- or high-intensity training.
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A number of studies have shown vascular function improvement of the upper
limb following lower limb exercise in healthy participants in both conduit (e.g.
brachial and radial; Clarkson et al., 1999; Pullin et al., 2004; Tinken, Thijssen, Black,
Cable, & Green, 2008) and resistance arteries (e.g., forearm arteries; DeSouza et al.,
2000; Goto et al., 2003; Kingwell, Sherrard et al., 1997), whereas other studies have
indicated no change (Maiorana, O'Driscoll, Dembo et al., 2001; Moriguchi et al.,
2005; Dstergard et al., 2006; Thijssen et al., 2007) and one study even showed a
decrease (Bergholm et al., 1999) in vascular function.

It should be noted that the beneficial effects of lower limb exercise on
endothelial function of nonworking limbs are more obvious in pre existing
cardiovascular risk factors or diseased populations (Green et al., 2004; Maiorana,
Driscoll, Taylor, & Green, 2003; Moyna & Thompson, 2004; Thijssen et al., 2010).
For example, Moriguchi et al. (2005) found an improved flow-mediated dilatation in
brachial artery function, after 12 weeks of cycling at an intensity of 50% of VO ax
for 60 min, twice a week, in hypertensive participants but were unable to show this
result in normotensives. The vessel diameter was not changed in either group after 12
weeks of aerobic exercise training.

Similar results were found by Higashi et al. (1999) after 12 weeks of aerobic
training at an intensity of 52% of VOoumay in hypertensive individuals. Furthermore, it
has been suggested that endothelial functional adaptation may occur in older
sedentary participants but not in healthy young individuals (DeSouza et al., 2000).
Thus, it might be difficult to see an improvement in endothelial function after lower
limb training in healthy young individuals. The proposed mechanisms by which
exercise training may alter endothelial cell phenotype and function beyond the active

muscle beds are described in Figure 1.13.
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Figure 1.13. Proposed mechanisms by which exercise training may alter
endothelial cell phenotype and function beyond the active muscle beds®

Source: Padilla, J., Simmons, G. H., Bender, S. B., Arce-Esquivel, A. A., Whyte, J. J., & Laughlin, M. H.
(2011). Vascular effects of exercise: Endothelial adaptations beyond active muscle beds. Physiology,
26(3), 132-145.

The mechanisms underlying this phenomenon have not been fully elucidated.
The endothelial adaptation in conduit arteries may be attributed to increased shear
rate, whereas it is unclear in resistance arteries (Green et al., 2011). Other possible

mechanisms in forearm vasodilatory functional adaptation include an increase in

6 During a bout of exercise, endothelial gene expression can be regulated by changes in the magnitude
and profiles of shear stress and cyclic strain as well as by circulating factors such as myokines
released from contracting skeletal muscle. Exercise training may also restore/maintain normal
phenotype of adipocytes resulting in a healthier adipokine release, thereby signaling expression of
healthy endothelial cell genes. In addition, exercise training may exert a systemic effect on endothelial
phenotype and function in part through sensitizing the endothelium to the beneficial effects of insulin.
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endothelial NO synthase (eNOS) and prostaglandin release and a decline in free
radical-mediated NO degradation and sympathetic vasoconstrictor tone (Niebauer &
Cooke, 1996). Studies investigating the resistance vessel adaptation in the upper limb
(FBF) following lower limb exercise in healthy individuals have used aerobic
continuous exercise for their training protocol (Bergholm et al., 1999; DeSouza et al.,
2000; Goto et al., 2003; Kingwell, Berry, Cameron, Jennings, & Dart, 1997;
Maiorana, O'Driscoll, Dembo et al., 2001; Thijssen et al., 2007). Most of these
researches have used ACh as endothelium-dependent vasodilator and measured
forearm blood flow response to ACh infusion. This increase in forearm blood flow
response to ACh after exercise training may be explained by endothelial adaptation
related to cutaneous circulation (Green et al., 2011). In healthy individuals ACh
promotes NO production from the vessel leading to vasodilation, however, in
individuals with endothelial dysfunction ACh has a direct vasoconstrictor effect on
endothelial smooth muscles in the absence of NO release (muscarinic effect)
(Arrebola-Moreno et al., 2012).

Goto et al. (2003) showed an augmented endothelium-dependent vasodilation
in the forearm with moderate intensity, 50% of VOs,nax but not low (25%) and high
(75 %) intensity cycling in young healthy males through increased NO production. In
this study the oxidative stress indicator concentrations including plasma 8-OHdG and
serum MDA-LDL increased after 12 weeks of high-intensity training but these
researchers were unable to show an association between impaired endothelial
function and increased oxidative stress (Goto et al., 2003). This indicates that high-
intensity training may not result in endothelial dysfunction. Long time exercise with
high-intensity may result in a decline in circulating antioxidants such as alpha-

tocopherol and beta-carotene (Bergholm et al., 1999) and induce oxidative stress that
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inactivates the NO bioavailability, however, augmented NO production due to an
increase in exercise intensity (Matsumoto et al., 1994) may compensate for this
impaired effect and result in a maintenance of endothelial function. A study with
metabolic syndrome and type 2 diabetic patients showed an improvement in brachial
artery endothelium dependent vasodilation assessed by reactive hyperaemia after 6
weeks of high-intensity (75-85% of HR max) aerobic training but not at low-
intensity exercise (50-60% of HR max; Silva et al., 2012). A similar result was found
by Green et al. (2005). In this study FBF significantly increased after moderate
intensity (120 W) cycling, but was unchanged at lower exercise intensities (60 and
80 W). To date no study has used high-intensity interval training regimen to assess
resting FBF. The effects of different stimuli (physical or chemical) on vascular
endothelium are shown in Figure 1.14.

Increased blood flow along the vessel stimulates the endothelial to produce NO
which rapidly directs to the smooth muscle cells and results in relaxation (Joannides
et al., 1995). This is called endothelium-dependent flow-mediated dilatation (FMD).
FMD, an endothelium-dependent function, has been evaluated noninvasively in a
number of exercise based studies. The FMD of the brachial artery shows a mixed
result after aerobic exercise training in healthy individuals. Pullin et al. (2004) have
found an increase in FMD of BA after 4 weeks of cycling training in sedentary
males. Clarkson et al. (1999) have shown similar findings after 10 weeks of aerobic
and anaerobic training program in healthy young males, whereas Moriguchi et al.
(2005) and Thijssen et al. (2007) were unable to show a change in FMD after 12
weeks and 8 weeks of cycling training in middle-aged and older males respectively.
FMD of BA also did not change after 10 weeks of cycling training in healthy

individuals at a relatively high intensity (70% of VOomay; @stergard et al., 2006).
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Figure 1.14. Effects of physical or chemical stimuli on vascular endothelium’

Source: Tousoulis, D., Antoniades, C., & Stefanadis, C. (2005). Evaluating endothelial function in
humans: a guide to invasive and non-invasive techniques. Heart, 91(4), 553-558.

Vasodilatory Capacity Response to HIIE

Post-occlusion reactive hyperaemia (PORH), an index of endothelium-
dependent vasodilation has been used as a clinical tool to assess endothelial function,
microvascular function, and vasodilatory capacity in different populations such as
type 2 diabetics (Yamamoto-Suganuma & Aso, 2009), peripheral vascular disease
(Xuefeng et al., 2004), heart failure (van Langen, van Driel, Skotnicki, & Verheugt,

2001) and preeclampsia patients (Beinder & Schlembach, 2001), as well as healthy

7 Stimuli leading to vasorelaxation in the presence of intact vascular endothelium (such as
acetylcholine), produce vasoconstriction when acting directly on the underlying smooth muscle cells,
in vascular areas with injured endothelium. CPT, cold pressor stress test; EDHF, endothelium derived
hyperpolarising factor; eNOS, endothelial nitric oxide synthase; GC, guanyl cyclase; L-NMMA, NG-
monomethyl-L-arginine; MS, mental stress; NO, nitric oxide; SMC, smooth muscle cell.
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participants (Green, Cable, Fox, Rankin, & Taylor, 1994; Silber et al., 1991). The
induced hypoxic condition during cuff inflation stimulates vasodilation of arterioles
and also microvascular recruitment. This increased capacity of arterioles to restore
blood can be identified after defilation and is a good predictor of intensive care unit
death. In a recent study of 270 outpatients, it was shown that low reactive hyperemia
(RH) was associated with higher cardiovascular adverse events during follow up
(Rubinshtein et al., 2010).

Mechanisms involved in the reactive hyperemia include metabolic
vasodilators, myogenic response, sensory nerves, and endothelial vasodilators
(Cracowski, Minson, Salvat-Melis, & Halliwill, 2006). Of the latter mechanism, NO
is not crucial for a hyperaemic response (Wong, Wilkins, Holowatz, & Minson,
2003; Zhao, Pergola, Roman, & Kellogg, 2004).

There are a few techniques to measure PORH including plethysmography
(Acree et al., 2007; Faizi, Kornmo, & Agewall, 2009), ultrasound (Ostergérd et al.,
2006; van Langen et al., 2001), laser doppler flowmetry (LDF) (Beinder &
Schlembach, 2001; Hashimoto, 1993; Yamamoto-Suganuma & Aso, 2009) and
tissue viability imager (TiVi) (Farnebo, Thorfinn, Henricson, & Tesselaar, 2010).
Results from previous studies show variations. This variability in response to PORH
may depend on the use of different techniques, cuff position, and duration of
ischemia (between 1 and 10 min).

The effect of physical activity on vasodilatory capacity has been investigated in
a number of studies and results have been inconsistent. Some studies have found no
difference in forearm reactive hyperemia in trained and sedentary groups with either
3 or 5 min occlusion times (Boegli et al., 2003; Colberg, Stansberry, McNitt, &

Vinik, 2002; Lenasi & Strucl, 2010). In contrast, other studies have shown an
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improvement in reactive hyperemia induced by exercise training (Rossi, Santoro,
Maurizio, & Carpi, 2006). Boutcher and Boutcher (2005) found higher vasodilatory
capacities in forearm and leg muscles in runners compared to untrained.

Ranadive et al. (2012) reported a difference in arterial functioning markers such
as resting FBF, reactive hyperaemia of forearm vessels (peak FBF), and CPWYV in
patients with MS compared with control and physical activity was accounted for
these differences. In this study it was also reported that physical activity was
associated with peak FBF and CPWYV but not resting FBF in MS patients indicating
the importance role of physical activity in reducing the risk of CVD in this
population (Ranadive et al., 2012). Vasodilatory capacity (arteriolar dilation) has
been also reported to improve after long aerobic training in the exercising (Martin et
al., 1990) and non exercising muscle (Silber et al., 1991). In this context,
vasodilatory capacity assessed by peak FBF may increase after lower limb training.
Silber et al. (1991) have shown a 50% increase in peak FBF after 4 weeks of
cycyling training at an intensity of 70% VO,may in healthy young individuals. Blood
flow capacity can be increased by exercise training through capillarity increase,
arterioles growth and remodelling, and also alteration in endothelial and smooth
muscle phenotypes, plus changes in the control of vascular resistance (Laughlin &
Roseguini, 2008).

The effect of exercise on vasodilatoy capacity may differ from blood flow
response. It has been shown that only 4 weeks of handgrip exercise training can
increase peak vasodilatory capacity determined by RH in young healthy males
(Franke, Stephens, & Schmid, 1998; Green et al., 1994) without an increase in
resting forearm blood flow. Higashi et al. (1999) examined the effect of 12 weeks of

aerobic exercise on reactive hyperemia in hypertensive patients and found an
66



Chapter 1. Literature Review

improvement in reactive hyperemia through the release of NO but baseline FBF
remained unchanged.

It has been shown that obesity is associated with endothelial dysfunction both
in men and women and young and old healthy adults (Acree et al., 2007; Perticone et
al., 2001; Sciacqua et al., 2003). Acree et al. (2007) reported an impaired vascular
reactivity, measured by reactive hyperaemia, in older obese men and women
compared to normal weight group. A similar result was found by Weil et al. (2011)
showing lower FBF respond in middle-aged overweight/obese males compared to a
normal weight group and authors suggested that the greater impairment of
endothelial vasodilation was not associated with abdominal obesity. Weil et al.
(2011) also found no difference in FBF respond to ACh in overweight/obese
individuals with or without abdominal adiposity. In contrast, Brook et al. (2001) have
shown a blunted response to FMD in healthy overweight participants with higher
visceral fat (waist to hip ratio >0.85) compared to those with lower visceral fat. It
seems that visceral fat in particular has an adverse effect on vascular endothelial
function.

Mayeur et al. (2011) have used different tests to assess reactive hyperaemia
and recommended using the upper arm rather than the forearm and also using
occlusion time until muscle tissue oxygen saturation (StO2) is decreased to 40%
which is 4.441.3 min in young healthy males and females. This occlusion time
(about 5 min) gives a lower minimal StO2 variability but higher recovery slope and
sensitivity compare to 3 min of occlusion time. Faizi et al. (2009) also support the
use of 5-min of occlusion in the finger plethysmography technique rather than 1.5, 3,
or 8 min. In Study two the upper arm cuff with vascular occlusion time of 5 min has

been utilised.
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Rating of Perceived Exertion Response to HIIE

Rating of perceived exertion (RPE) has been used to prescribe exercise
intensity in a variety of sporting activities and clinical settings (Ceci & Hassmen,
1991; Gearhart, Riechman, Lagally, Andrews, & Robertson, 2008; Stoudemire et al.,
1996). The ability of RPE to regulate absolute and relative intensity has mainly been
examined during aerobic exercise (Noble & Robertson, 1996; Robertson, 1982,
2004). Two models based on RPE have been developed to monitor increases in
aerobic fitness after regular training (Robertson, 2004). The constant-level tracking
model predicts that after exposure to aerobic training RPE will be decreased during
post testing (Robertson, 2004). This model is supported by a number of studies that
have shown that RPE is typically lower during a standardized exercise bout (e.g., a
VOsmax test) that is repeated after aerobic training (Koseoglu et al., 1997; Nielsen et
al., 1997). A second model is the constant RPE tracking model which suggests that
after aerobic training the workload necessary to generate a similar RPE to that of the
pretest will increase (Robertson, 2004). In support of the RPE tracking model
absolute workloads have been shown to decrease after aerobic exercise training when
adjusted to produce the same RPE recorded at pretest (Duncan & Howley, 1998;
Noble & Robertson, 1996; Robertson, 2004).

It is likely that the physiological mediators underlying the generation of RPE
during aerobic exercise are respiratory and metabolic in origin (Lagally et al., 2002).
In contrast, mediators driving RPE during resistance exercise have been shown to be
associated with peripheral skeletal muscles (Lagally et al., 2002). Thus, it is unclear
if these RPE tracking models are applicable to resistance training. However, Gearhart

et al. (2008) showed that at least for mid range RPEs the constant tracking model
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was appropriate for resistance exercise. Whether these tracking models are
appropriate for prescribing exercise intensity for high-intensity intermittent exercise
(HIIE) is undetermined.

HIIE protocols vary but usually consist of all-out sprinting followed by low
intensity exercise or rest. The length of both the sprint and recovery period has varied
from 6 s to 4 min (Boutcher, 2011). Most commonly the sprints are performed on a
stationary cycle ergometer at an intensity in excess of 90% of VOjmax. The most
utilized protocol in past research has been the Wingate test which consists of 30 s of
all-out sprint with high resistance (Gibala & McGee, 2008), however, this protocol is
extremely demanding. Thus, the Wingate protocol is likely to be unsuitable for most
overweight, sedentary individuals interested in increasing fitness or losing body fat.
Other less demanding HIIE protocols include an 8-sec cycle sprint followed by 12
sec of low intensity cycling for a period of 20 min (Trapp et al., 2008). Thus, instead
of 4 to 6 sprints per session, as used in Wingate protocol studies, participants using
the 8 sec/12 sec protocol sprint 60 times at a lower exercise intensity. This form of
HIIE has been shown to be more effective for producing fat loss compared to steady
state aerobic exercise (Trapp et al., 2008), however, the RPE response to fixed and

variable workloads after HIIE training has not been examined.

Mental Challenge

Psychological stress is risk factor that contributes to cardiovascular disease
development (Chida & Steptoe, 2010). Acute psychological stress increases
sympathetic, cardiovascular, and hypothalamic pituitary adrenocortical (HPA)
activity and reduces parasympathetic activity (Chrousos & Gold, 1992; McEwen,

1998). A large scale of these cardiovascular reactions due to exposure to acute
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psychological stress increases the risk of the development of cardiovascular disease
(Obrist, 1981). This is known as the reactivity hypothesis. High sympathetic activity
during mental stress is a potential risk factor for a number of cardiovascular diseases
including myocardial infarction (Deanfield et al., 1984; Rozanski et al., 1988),
atherosclerosis (Rozanski, Blumenthal, & Kaplan, 1999; Yeung et al., 1991) and
hypertension (Carroll, Ring, Hunt, Ford, & Macintyre, 2003; Carroll et al., 2001;
Esler, Lambert, Brunner-La Rocca, Vaddadi, & Kaye, 2003), whereas low reactivity
during acute stress shows an adaptive response and is a protective sign against
cardiovascular disease. This is an important factor especially in the population at risk
of cardiovascular disease such as obese population.

It has been argued that obesity, especially abdominal adiposity, is linked with
physiological hyper-reactivity (Bjorntorp, 1991) and exaggerated cardiovascular
reactions to stress (Davis, Twamley, Hamilton, & Swan, 1999; Waldstein, Burns,
Toth, & Poehlman, 1999). Some studies have shown that obese individuals possess
an elevated sympathetic rate during resting condition (Tentolouris, Liatis, &
Katsilambros, 2006), whereas their sympathetic nervous system shows less response
to stimulators. In a recent study by Phillips (2011), it was shown that obese
individuals exhibited much smaller HR reactions to stress than non-obese
individuals. Also, overweight and obese individuals have reduced BRS response to
mental challenge (Honzikova et al., 2006; Lazarova et al., 2009). Similar to BRS the
enhanced FBF response of lean participants to mental challenge is typically reduced
in the overweight and obese (Agapitov, Correia, Sinkey, Dopp, & Haynes, 2002).
The inability to vasodilate skeletal muscle during mental challenge results in
increased systemic vascular resistance which is typically accompanied by an increase

in BP (Seematter et al., 2000). It is likely that cardiovascular risks related to obesity
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such as disturbance in cardiovascular reactivity during mental stress begins at
relatively younger age in non-obese participants. Thus, it is clinically relevant to find
a method for reducing the sympathetic response and lowering the cardiovascular
reactivity during mental stress in young overweight populations which may be at
higher risk of becoming obese in the future.

While exercise promotes cardiovascular health indirectly through improving
other CVD risk factors, such as weight loss and decreased hypertension, numerous
research studies have also shown the direct beneficiary effects of physical activity
and physical fitness on various measures of cardiovascular health (Bucksch &
Schlicht, 2006). Physical activity has a large impact on preventing cardiovascular
disease (Hagberg, Park, & Brown, 2000; Jolliffe et al., 2001; Manson et al., 1999;
Thompson et al., 2003) and improving the cardiovascular risk factor profiles,
including increases in parasympathetic neural activity (Smith, Kukielka, & Billman,
2005; Tulppo et al., 2003) and reductions in blood pressure (Fagard, 2001; Hagberg
et al., 2000). It has been proposed that aerobic training may also decrease
physiological responsivity to stress (Boutcher & Hamer, 2006; Crews & Landers,
1987; Matthews, 1986; Plante & Karpowitz, 1987; van Doornen & de Geus, 1989).
Ribeiro et al. (2005) demonstrated that a 4-month exercise/diet intervention
conducted on obese children improved limb blood flow response to the Stroop task
and decreased BP reactivity.

It has been shown that exercisers exhibit attenuated physiological reactivity to
psychological stressors compared with non-exercisers (Anshel, 1996; van Doornen &
de Geus, 1989). A meta-analysis included mainly of cross-sectional studies
concluded that fit individuals have reduced physiological responses to stress

compared to sedentary individuals (Crews & Landers, 1987). Findings from a few
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controlled intervention trials are less conclusive. Some studies have shown that
exercise training can lower HR and BP responsivity to stress (Blumenthal et al.,
1988; Blumenthal et al., 1990; Georgiades et al., 2000; Sherwood, Light, &
Blumenthal, 1989; Spalding, Lyon, Steel, & Hatfield, 2004), while others have failed
to support such an effect on responsivity (Ray & Carter, 2010; Roskies et al., 1986;
Schaeffer et al., 1988; Seraganian, Roskies, Hanley, Oseasohn, & Collu, 1987;
Sinyor, Golden, Steinert, & Seraganian, 1986). A meta-analysis by Jackson and
Dishman (2006) indicated a slightly greater cardiovascular reactivity in fit
individuals compared to their non fit counterparts. A blunted BRS response to mental
challenge has been shown in sedentary groups suggesting a lack of adaptive response
in the autonomic adjustment to the stressor (Martin-Vazquez & Reyes del Paso,
2010). In this study baroreflex effectiveness index (BEI) decreased during mental
task in the sedentary group but not in the physically active group showing the ability
of baroreflex effectiveness in regulating cardiac activity in response to BP increase in
trained individuals.

Several longitudinal studies have reported a significant reduction in
cardiovascular reactivity (Blumenthal et al., 1991; Georgiades et al., 2000), however,
these results have been obtained from populations with initially elevated
cardiovascular reactivity to mental challenge such as hypertensive and Type A
individuals. With regard to studies using normotensive participants, changes in HR
and BP have been recorded. For example, Forcier et al. (2006) conducted a meta-
analysis and found that aerobically fit individuals showed significantly attenuated
HR (1.84 bpm) and systolic BP reactivity (3.69 mmHg) and a trend toward

attenuated diastolic BP reactivity (1.2 mmHg).
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Most of the exercise based studies looking at cardiovascular reactivity to
mental stress have used steady state aerobic exercise (e.g., cycling, walking, jogging,
and swimming). Thus, the effects of other types of exercise such as regular resistance
and anaerobic training on cardiovascular reactivity are undetermined. It has been
shown that high-intensity training is more effective on vagal HR control than low
intensity exercise program (Martinméki et al., 2008). This supports the notion that
intensive exercise training is necessary to induce central cardiac adaptations (Leicht,
et al., 2003; Melanson & Freedson, 2001). For example, Albright et al. (1992) have
found no difference between exercise and control groups after 6 months aerobic
training in BP responsivity to mental arithmetic stress in healthy middle-aged men
and women. Blumenthal et al. (1991) also could not find any cardiovascular change
in response to mental challenge determined by speech task in pre and
postmenopausal women after 3 months of aerobic training. These studies have used
moderate intensity training mostly walking and jogging which may not induce
cardiovascular physiological changes in response to mental stressors.

High-intensity intermittent exercise (HIIE), a form of anaerobic training
(Boutcher, 2011), produces a significantly greater impact on the autonomic nervous
system (ANS) assessed by HR and plasma catecholamine levels compared to steady
state exercise (Trapp et al., 2007). Given that HIIE induces a significant acute
cardiovascular response it is feasible that HIIE training will produce greater
adaptations in ANS control of the cardiovascular system. To date, however, no study
has examined the effect of HIIE training on ANS response during and after mental
challenge.

Although the effects of exercise training on HR and BP response to mental

challenge have been extensively studied, relatively less attention has been devoted to
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other aspects of cardiovascular response such as skeletal muscle blood flow and
baroreceptor sensitivity. In addition, the effect of HIIE training on arterial stiffness
during mental stress has yet to be examined. Consequently, it is not clear whether
cardiac, vascular and autonomic measures under challenging laboratory conditions
are influenced by long-term HIIE training.

Therefore, the purpose of Study II was to examine the effects of HIIE on
multiple measures of cardiovascular and autonomic reactivity. It was hypothesized
that a 12-week program of HIIE would result in significant reductions in reactivity

and recovery from mental challenge of young, inactive men.

Summary of the Literature Review

This literature review has examined a number of health concerns related to
having an inactive lifestyle. Physical inactivity can lead to overweight and obesity
and its associated health complications such as metabolic syndrome and type 2
diabetes. Abnormal cardiovascular and autonomic function at rest and during
laboratory stressors such as physical and mental (Stroop colour-word task) challenge
is also considered as a result of sedentary lifestyle. High-intensity intermittent
exercise (HIIE), an effective and time efficient type of exercise, could be used as a
lifestyle modification program with various populations and has the potential to alter
body composition as well as cardiovascular and autonomic function at rest and
during physical and mental challenges. Furthermore, it is feasible that HIIE training
could generate greater physiological adaptations in the cardiovascular system and

ANS because of its ability to enhance plasma catecholamins and HR reduction.
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Abstract

Objective: The metabolic response of males during and after acute high-intensity
intermittent exercise (HIIE) was examined.

Methods: Trained (n= 10) and untrained (n= 10) healthy young males, aged 24.9 +
1.3 years, completed 20 min of HIIE (8-sec sprint, 12-sec recovery) on a cycle
ergometer followed by 1 h of post-exercise recovery. Lactate, plasma glycerol, and
catecholamine concentration were assessed at rest, during, and after HIIE.

Results: For both groups glycerol levels were significantly elevated during exercise
(P <0.05). Lactate concentration was also increased during HIIE but was higher for
untrained males (P < 0.05). Both groups had a similar and significant increase (P <
0.05) in epinephrine during HIIE, in contrast, untrained compared to trained males
recorded significantly (P < 0.05) greater levels of norepinephrine. During the post-
exercise recovery period from minutes 45 to 75 fat oxidation was significantly
increased. Plasma glycerol levels at rest and 15 min after HIIE were significantly
higher (P < 0.05) for both groups. Plasma norepinephrine concentrations were
significantly higher 15 min post exercise (P < 0.05) for both groups, whereas plasma
epinephrine levels showed a significant increase after 20 min of HIIE for both
groups, P <0.05.

Conclusions: For both groups HIIE resulted in significant elevations in glycerol and
epinephrine during and after HIIE. The untrained compared to the trained showed a
significantly greater rise in blood lactate levels and increase in norepinephrine during

HIIE, however, both groups showed elevated fat oxidation after exercise.
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Introduction

Studies examining high-intensity intermittent exercise (HIIE) have mainly utilized
the Wingate test which consists of 30 s of all-out sprint with a high resistance.
Participants typically perform the Wingate test 4 to 6 times with 4 min of recovery
between sprints. Insight into the skeletal muscle adaptation to HIIE has mainly been
achieved using this type of exercise (Gibala & McGee, 2008). As this protocol is
extremely demanding, however, participants have to be willing to tolerate significant
discomfiture, thus the Wingate protocol is unlikely to be suitable for long-term
interventions with overweight individuals wanting to lose body fat.

Consequently, HIIE protocols more suitable for fat loss have been developed.
For example, Trapp et al. (2008) conducted a HIIE program in young women for 15
weeks with three 20-min HIIE sessions per week. HIIE consisted of an 8-s sprint
followed by 12 s of low intensity cycling, continuously for 20 min. Another group of
women carried out an aerobic cycling protocol for 40 min each session. Results
showed that women in the HIIE group lost 2.5 kg of subcutaneous fat, whereas no
change occurred with steady state aerobic exercise. Fat loss accruing through 15
weeks of HIIE was attained with 50% less exercise time and a similar energy
expenditure to that of steady state exercise. Similar results were found by Heydari et
al. (2012) who showed that 12 weeks of HIIE significantly reduced both total body
(2.0 kg) and visceral fat (17%) of overweight males. How these longer, less intense
HIIE protocols cause significant reductions in total and visceral fat, however, is
undetermined.

The hormonal response during HIIE may contribute to enhanced fat oxidation
during and after this form of exercise. For example, using the 8-sec/12-sec protocol
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Trapp et al. (2007) found that in both trained and untrained females HIIE was
accompanied by a significant elevation of catecholamines. Bracken et al. (2009)
examined the catecholamine response of 12 males who completed ten 6-sec cycle
ergometer sprints with a 30-sec recovery between each sprint. From baseline, plasma
epinephrine increased 6.3 fold, whereas norepinephrine increased 14.5 fold at the end
of sprinting. The significant catecholamine response to HIIE is in contrast to
moderate, steady state aerobic exercise that results in small increases in epinephrine
and norepinephrine (Zouhal et al., 2008). The HIIE catecholamine response is an
important feature of this type of exercise as catecholamines have been shown to drive
lipolysis and are largely responsible for fat release from both subcutaneous and
intramuscular fat stores (Issekutz, 1978).

The catecholamine, lactate, and glycerol response of trained and untrained
males during and after the lower intensity form of HIIE, however, is undetermined.
Therefore, the purpose of this study was to compare the metabolic response of

physically trained and untrained males during and after a 20-min bout of HIIE.

Methods

Participants

Twenty healthy young, non-smoking males aged 24.9 + 1.3 years were recruited via
emails, fliers, and magazine advertisements on campus or in parks and recreation
centres. Any participant with a known or suspected cardiovascular or
musculoskeletal disorder was eliminated. The study was approved by a university
human ethics committee. All males were healthy and none were obese (Table 2.1).

The trained group consisted of cyclists who had performed a minimum of three
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sessions of cycling a week for at least 45 min each session, for at least one year.
Untrained participants had to participate in no regular physical activity during the

past six months.

Table 2.1. Participant characteristics (mean and standard error)

Variables Untrained (n=10)  Trained (n=10)
Age (yrs) 26.8+1.9 23.0+ 1.6
Height (cm) 176 £2.8 178 + 1.1
Weight (kg) 81.2+4.7 715+ 1.6
BMI 263+ 1.3* 22.6+0.3
% Body fat 20.0 £ 1.7* 13.3+0.8
VOsmax (mLkg' .min™) 36.6 + 1.9% 62.3+1.8
Total cholesterol 40+0.3 3.8+0.2
HDL (mmol.L™) 12+0.1 1.3+0.1
TG (mmol.L'™") 1.1+0.2 0.7+0.1
LDL (mmol.L™) 23+02 1.9+0.1
TC/HDL 37405 29+0.1
Glucose (mmol.L™") 5.1£0.1 5.0£0.1
Resting HR 602+1.5 56.1+3.5

BMI: body mass index; VO,max: maximal oxygen uptake.
*P < 0.05, significantly different between groups.

Study Design

All participants were assigned into trained or untrained groups based on their weekly
physical activity. Blood collection and a VO,,nax test were carried out during the first
session. The acute response to HIIE was examined in session two. Participants, who

were advised to avoid strenuous activity and caffeine for 24 hours prior to testing,

came into the laboratory after an 8-10 h overnight fast and were tested between 8:00
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and 10:00 am. Personal medical history was collected to record the potential use of
tobacco products, medication, birth weight, and exercise history. Participants were
asked to fill in a Physical Activity Readiness Questionnaire (Thomas, Reading, &
Shephard, 1992) that screened for contraindications to exercise. Body weight was
measured with minimum clothing and percentage body fat was assessed by
bioeletrical impedance (Tanita, Illinois, USA). Body-mass index (BMI) was
calculated by dividing mass by height squared (kg'm™). Baseline blood samples were
taken from an antecubital vein (either the cephalic or brachial) after overnight fasting

and were stored in EDTA vacutainers.

Aerobic Power Assessment

Aerobic power was assessed using a TrueMax 2400 Metabolic Cart (ParvoMedics
Inc, USA). All participants started with a 3-min warm-up at 30 watts (W) and then
power output was increased by 1 W every 2 seconds. Participants were asked to
maintain 60-70 rpm throughout the test. Power output continued to increase until
participants failed to maintain pedal frequency despite verbal encouragement. All
VOimax sessions were performed on an electronically braked Monark cycle ergometer
(Ergomedic 839E, Sweden). Temperature in the laboratory was maintained between
20-23°C and participants were asked to give a rating of perceived exertion (RPE)
every minute throughout the test (Borg, 1982). Heart rate was recorded during this

session using a Polar S8101 telemetry system (Polar, Finland).

Resting Metabolic Rate

Resting metabolic rate (RMR) was measured by using a ventilated canopy for 30 min

after an 8-10 h overnight fast. VO,, VCO,, and respiratory quotient (RQ) were
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obtained using a TrueOne 2400 Canopy System linked to a metabolic cart
(ParvoMedics, Utah, USA). Heart rate was monitored continuously using telemetry
with the Polar Watch S810i. RQ was also obtained during exercise and the post

exercise recovery.

Fat Oxidation Rate

Fat oxidation rate was calculated during rest and minutes 45 to 75 post exercise
recovery using the following formula:
Fat oxidation = 1.695V0, - 1.701VCO, (Murase, Nagasawa, Suzuki, Hase, &

Tokimitsu, 2002).

High-intensity intermittent exercise protocol

After the first blood sample, participants performed a 5-min warm-up on the cycle
ergometer at 30 W. The HIIE consisted of 60 bouts of fast pedalling for 8 sec at 65%
of maximum workload (assessed from the prior VOsmax test) followed by 12-sec of
slow pedalling at 25% of maximum power output. Power output was adjusted by a
computerized program (ParvoMedics, Utah, USA) and participants‘ pedal rate was
directed by pre recorded audio. Exercise consisted of twenty minutes of HIIE
followed by a 5-min cool down at 30 W. Heart rate was recorded constantly during
the test. Due to frequent blood sampling during the HIIE session, a 22-guage
cannula was used to collect blood samples (Becton Dickinson, Plymouth, UK). The
cannula was inserted into an antecubital vein and a 3-way stopcock (Becton
Dickinson, Plymouth, UK) was attached for blood sampling to allow for repeated

collection. The catheter was kept patent by flushing with 0.9% isotonic saline (Pfizer,
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New York, USA) after each blood sample. During the second session four blood

samples were collected. RPE was collected at minute 7, 14, and 20 during HIIE.

Biochemical Assays

Blood lipid profiles and fasting glucose were quantified by automated enzymatic
methods (Cholestech LDX, USA) from whole blood. The remaining blood was spun
immediately in a chilled centrifuge (Model Megafuge 1.0R, Heraeus, Germany) at 4°
C and plasma was stored immediately at -86 ° C for later analysis. Blood lactate was
measured after 30 min of rest and immediately before the start of exercise, in minutes
7 and 20 of HIIE using a lactate analyser (Accutrend Plus, Cobas, Germany).
Catecholamine analysis was carried out using a 5973N Mass Selective Detector,
coupled to a 6890N gas chromatograph, and a SGE Forte BPX5 x 0.25 IDx 0.25
micron column. The catecholamines were derivatised in a number of steps and single
ion monitoring was used to determine the concentrations of the substrate. Internal
standards were used to create a standard curve for the assay. Glycerol was measured
using a commercially available ELISA immunoassay kit. The degree of enzymatic
turnover of the substrate was determined by dual wavelength absorbance

measurement at 450 and 540 nm (Sigma FG0100).

Statistical analysis

Data analysis was completed using SPSS 20.0 software to perform two-way repeated
measures analyses of variance (ANOVA) examining differences between the trained
and untrained. The Bonferroni adjustment was used to further examine main effects
between groups. Effect sizes were calculated using partial eta squared (n°) with
values of 0.1, 0.3, and above 0.5 considered to be a small, medium, and large effect.
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All values are mean = SE and a significance level of P < (.05 was adopted.

Results

Power output and heart rate

The trained group (337 + 8.4 W) produced a significantly higher power output #(18)
=7.26, P < 0.001, than the untrained group (246 £ 9.1 W). There was a significant
main effect for time, F(8, 11) = 92.33, P < 0.001, n*= 0.99, with both groups
showing an increase in heart rate with a significant difference between groups, F(1,
18)=7.89, P = 0.012, n”= 0.31. There was a significant time by group interaction,

F(8, 11)=5.16, P = 0.007, 1’ = 0.79, Figure. 2.1.
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Figure 2.1. Heart rate at rest and during high-intensity intermittent exercise of

trained and untrained males
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Lactate

There was a significant main effect for time, F(4, 15)=17.79, P < 0.001, nz =(.83,
with both groups showing an increase in lactate level across the five time points
(Figure. 2.2) with no significant difference between groups, F(1, 18) =2.62, P =
0.12, n*= 0.13, however, a significant time by group interaction existed, F(4, 15) =
3.21, P =0.043, nz = 0.46, indicating that the blood lactate of the trained was

significantly lower than the untrained group at the end of exercise.
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Figure 2.2. Lactate levels at rest and during high-intensity intermittent exercise
of trained and untrained males

VO, Response

There was a significant main effect for time, (8, 11) = 188.14, P < 0.001, n*=0.99,

with both groups showing an increase in VO, but the trained recorded greater VO,
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compared to the untrained, F(1, 18) =23.27, P < 0.001, n*= 0.56. There was also a

significant time by group interaction, F(8, 11) =9.94, P < 0.001, n>= 0.88, Figure.
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Figure 2.3. VO, levels at rest and during high-intensity intermittent exercise of

trained and untrained males

Respiratory Quotient (RQ)

There was a significant main effect for time, F(5, 14) = 13.16, P < 0.001, n2 =0.83,
with both groups showing an increase in RQ level across the six time points with no
significant difference between groups, F(1, 18) =0.52, P = 0.48, n>= 0.03. There
was no significant time by group interaction, F(5, 14) =2.05, P = 0.13, n° = 0.42,

Figure. 2.4.
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Figure 2.4. Respiratory quotient at rest and during high-intensity intermittent

exercise of trained and untrained males
Fat Oxidation Rate

There was a significant main effect for time, F(5, 14) = 5.82, P = 0.004, n2 = (.68,
with both groups showing an increase in fat oxidation across the six time points with
no significant difference between groups, F(1, 18) =2.24, P = 0.11, n*= 0.44. There
was no significant time by group interaction, F(5, 14) =2.79, P = 0.089, n* = 0.25,

Figure. 2.5.

121



Chapter 2. Metabolic Response of Trained and Untrained Males during and
After Acute High-Intensity Intermittent Exercise

0.35
—@— Untrained

—A— Trained
0.30 +

1
~
—»

0.25

0.20

0.15

Fat oxidation (g'min” 1 )

0.10

0.05 +

000 T T T T T T

Figure 2.5. Fat oxidation rate at rest and during high-intensity intermittent

exercise of trained and untrained males

Relative Fat Oxidation Rate

There was a significant main effect for time, F(5, 14) = 6.03, P = 0.004, n2 = (.68,
with both groups showing an increase in fat oxidation across the six time points with
no significant difference between groups, F(1, 18) = 1.55, P = 0.23, n*= 0.08. There
was no significant time by group interaction, F(5, 14) = 2.30, P = 0.10, n*>= 0.45,

Figure. 2.6.
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Figure 2.6. Relative fat oxidation rate at rest and during high-intensity

intermittent exercise of trained and untrained males

Glycerol and catecholamines

There was a significant main effect for time, F(8, 11) =8.94, P = 0.001, n2 =0.87,
with both groups showing an increase in glycerol level but the trained recorded
greater glycerol response compared to the untrained, F(1, 18) =4.75, P = 0.043, n° =
0.21. There was no significant time by group interaction, F(8, 11) = 0.81, P = 0.61,

n*=0.37, Figure 2.7.
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Figure 2.7. Glycerol levels at rest and during high-intensity intermittent

exercise of trained and untrained males

There was a significant main effect for time, F(2, 17) =27.91, P <0.001, 12 = 0.77,
with both groups showing an increase in epinephrine level across the three time
points with no significant difference between groups, F(1, 18) =0.14,P=091,12 =
0.001. There was no significant time by group interaction, F(2, 17) = 0.30, P =0.75,
n2 =0.03, Figure. 2.8. There was a significant main effect for time, F(2, 17) = 20.83,
P <0.001, 12 =0.71, with both groups showing an increase in norepinephrine level
across the three time points with no significant difference between groups, F(1, 18) =
2.66, P =0.12, 2 = 0.13. There was no significant time by group interaction, F(2,

17)=0.70,P =0.51,112 = 0.08, Figure 2.9.
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Figure 2.8. Epinephrine levels at rest and during high-intensity intermittent

exercise of trained and untrained males
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Figure 2.9. Norepinephrine levels at rest and during high-intensity intermittent

exercise of trained and untrained males

Rating of perceived exertion (RPE)

The average RPE across the 20 min of HIIE for both trained (M = 13.2 &+ 1.5) and
untrained (M = 13.2 + 1.7) groups was similar. There was a significant main effect
for time, F(2, 17) =27.50, P < 0.001, n*= 0.76, with both groups showing an
increase in RPE level across the three time points with no significant difference
between groups, F(1, 18) = 0.00, P = 1.00, n>= 0.00. There was no significant time

by group interaction, F(2, 17) =2.68, P = 0.10, n*= 0.24.
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Discussion

The major finding of this study was that plasma glycerol, lactate, and catecholamine
concentration were significantly increased during 20 min of HIIE for both trained
and untrained males. The untrained compared with the trained, however, showed a
significantly greater rise in blood lactate levels and increase in norepinephrine during
HIIE. After HIIE, compared to rest, fat oxidation rate was significantly increased
without an increase in oxygen consumption (VO,) or energy expenditure for both
groups.

The acute heart rate and lactate response during HIIE found in the males in the
present study was similar to that found in females using exactly the same HIIE
protocol (Trapp et al., 2007). Thus, in both trained and untrained females and males
acute HIIE resulted in elevated heart rate and blood lactate levels. The lactate
response after 20 min of HIIE (60 sprints) for both trained and untrained males (4.5
mmol1") was markedly lower than the 8-14 mmoll" increase that is typically found
after one 30-sec Wingate test (Gratas-Delamarche, Le Cam, Delamarche, Monnier,
& Koubi, 1994; Vincent et al., 2004). The significant increase in plasma
catecholamine concentration during HIIE parallels that found previously in trained
and untrained females (Trapp et al., 2007) and untrained males (Bracken, Linnane, &
Brooks, 2009). The similar increase in glycerol levels during HIIE for both trained
and untrained males in the current study, however, is in contrast to the findings of
Trapp et al. (2007) who showed that trained female cyclists had a greater glycerol
response than untrained females. In the current study the absolute levels of glycerol
during HIIE was appreciably greater for the males compared to that of females in the

Trapp et al. study. As the VO, of trained and untrained males and females was
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similar in these studies it appears that gender effects may account for these differing
glycerol responses to HIIE.

The increase in glycerol concentration during HIIE suggests increased usage
of free fatty acids (FFA) as an energy source despite elevated lactate levels. Elevated
blood lactate concentrations have been shown to inhibit carnitine-acyl CoA
transferase which results in a slowing down of B-oxidation (Starritt, Howlett,
Heigenhauser, & Spriet, 2000). Thus, despite lactate concentrations being elevated
during HIIE fat use increased throughout exercise. The ability of exercising muscle
to utilize FFAs despite high lactate levels may be due to the intermittent nature of
HIIE (Tremblay et al., 1990). For example, during the sprint component of HIIE,
ATP and creatine phosphate are catabolised for energy and then are resynthesised
during the non-intensive aerobic period (Essen, Hagenfeldt, & Kaijser, 1977).
Because the 12-sec, non-intensive, aerobic period used in the current study was brief
it is likely that this resynthesis was incomplete and anaerobic glycolysis had to
provide the required energy for the next sprint. Glycogen, the substrate for anaerobic
glycolysis, has been shown to be depleted during HIIE (Essén, 1978). This depletion
of muscle glycogen may result in a greater reliance on fatty acid utilization as Essén
et al. (1977) have shown that progressive depletion of PCr and glycogen inhibit
glycolysis and lead to reduced lactate accumulation and increased fatty acid
oxidation. The source of these FFAs utilized during HIIE is unclear but may include
intramuscular triacylglycerol stores (Tremblay et al., 1994) and/or plasma FFAs,
blood triglycerides, low density lipoproteins, and chylomicrons (Gaitanos, Williams,
Boobis, & Brooks, 1993; McCartney et al., 1986; Spriet, Lindinger, McKelvie,

Heigenhauser, & Jones, 1989; van Loon, 2004). Intramuscular triacylglycerol stores
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are probably the source of fat oxidation during HIIE as the glycogen depletion
occurring through interval sprinting is likely to impede glycolysis resulting in
increased oxidation of intramuscular triacylglycerol (Essén, 1978).

The enhanced catecholamine response to HIIE appears to be a feature of this
kind of exercise (Boutcher, 2011) and is in contrast to moderately hard aerobic
exercise which results in a small increase in blood catecholamines (Zouhal et al.,
2008). Catecholamines have been shown to be the major hormones initiating
lipolysis and fat release from subcutaneous and intramuscular fat stores (Issekutz,
1978). Consequently, the HIIE-induced increase in catecholamines may have
implications for long term fat loss (Boutcher, 2011).

After steady state exercise a significant increase in fat oxidation levels
compared to the pre-exercise fasting state has been found (Kuo, Fattor, Henderson, &
Brooks, 2005). During intense sprinting exercise glycogen stores suffer greater
depletion than steady state exercise (Malatesta et al., 2009). Thus, the post-exercise
period after HIIE should demonstrate enhanced lipid oxidation so that remaining
carbohydrates can be utilized for glycogen resynthesis (Malatesta, Vismara, et al.,
2009). Results of the present study support this notion as lower RER and greater fat
oxidation rates occurred during the last 30 min of the post exercise period for both
trained and untrained males. McGarvey et al (2005) have also shown that when total
work was similar, intermittent compared to steady state exercise resulted in
significantly lower RQ during a 2-h post-exercise recovery period. Results of the
present study also show that after HIIE fat oxidation rate is enhanced throughout the
post exercise period (minutes 45 to 75 post exercise) for both trained and untrained

males. Only the values for fat oxidation rate at rest and during minutes 45 to 75 post
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exercise were used because RER does not represent substrate utilization when blood
and tissue lactate concentrations are changing (Malatesta, Werlen, Bulfaro,
Cheneviere, & Borrani, 2009). Metabolic response monitoring over an hour recovery
time is a limitation of this study as excess post-exercise oxygen consumption
(EPOC) may continue to occur many hours after exercise (Tomlin & Wenger, 2001).

The active participants in this study were cyclists or tri-athletes performing at
least three exercise sessions per week for the last year at a moderate to hard exercise
intensity. That they possessed low resting heart rate and above average VOymay
supports the notion that they were trained. Their lower lactate levels during HIIE
indicate a trained status and that they were better adapted to this form of intermittent
sprint exercise even though none had carried out this kind of training previously.
Despite their lack of cycle training, however, the inactive males also showed
significant elevations in glycerol and catecholamines during HIIE and enhanced fat
oxidation after HIIE.

In conclusion, one bout of HIIE resulted in enhanced catecholamine levels
during and after exercise in trained and untrained males. This increase was
accompanied by an elevation in lipolysis indicated by the increase in blood glycerol
levels during HIIE. After HIIE enhanced fat oxidation occurred for both trained and
untrained males.
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Abstract

Objective: To determine the effect of a 12-week high intensity intermittent exercise
(HIIE) intervention on total body, abdominal, trunk, visceral fat mass, and fat free
mass of young overweight males.

Methods: Participants were randomly assigned to either an exercise or control
group. The intervention group received HIIE three times per week, 20 min per
session, for 12 weeks.

Results: Aerobic power improved significantly (P < 0.001) by 15% for the
exercising group. Exercisers compared to controls experienced significant weight
loss of 1.5 kg (P < 0.005) and a significant reduction in total fat mass of 2 kg (P <
0.001). Abdominal and trunk adiposity was also significantly reduced in the
exercising group by 0.1 kg (P < 0.05) and 1.5 kg (P < 0.001). Also the exercise
group had a significant (P < 0.01) 17% reduction in visceral fat after 12 weeks of
HIIE, whereas waist circumference was significantly decreased by week six (P <
0.001). Fat free mass was significantly increased (P < 0.05) in the exercising group
by 0.4 kg for the leg and 0.7 kg for the trunk. No significant change (P > 0.05)
occurred in levels of insulin, HOMA-IR, and blood lipids.

Conclusions: Twelve weeks of HIIE resulted in significant reductions in total,
abdominal, trunk, and visceral fat and significant increases in fat free mass and

aerobic power.
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Introduction

Obesity levels continue to increase in both developed and developing countries
(Speiser et al., 2005). As being overweight is associated with numerous health
problems effective fat loss strategies are required (Jakicic et al., 2001). Although
dieting has been the major fat loss method aerobic exercise programs have been
shown to increase cardiorespiratory fitness (Ross, et al., 2000) and preserve fat free
mass (Evans et al., 1999). Most aerobic exercise interventions have consisted of
moderate intensity steady state exercise, for about 30 to 40 min for 3 to 4 days per
week, over a four to six month period. Disappointingly, these kinds of exercise
programs have resulted in minimal fat loss (Boutcher & Dunn, 2009; Wu et al.,
2009).

In contrast, high intensity intermittent exercise (HIIE) has been shown to result
in greater fat loss (Boutcher, 2011). For example, Trapp et al. (2008) conducted a
HIIE program in young women for 15 weeks with three 20-min sessions per week.
HIIE consisted of an 8-s sprint followed by 12 s of low intensity cycling, repeated for
20 min. Another group of women carried out an aerobic cycling protocol for 40 min
each session. Results showed that women in the HIIE group lost 2.5 kg of
subcutaneous fat, whereas no change occurred with steady state aerobic exercise. Fat
loss accruing through 15 weeks of HIIE was attained with 50% less exercise time
commitment and a similar energy expenditure to that of steady state exercise.
Importantly, the women in this study also showed a significant 0.6 kg increase in fat
free mass (FFM) after HIIE, whereas FFM of the steady state exercise group was
unchanged. The lack of increase in FFM accompanying steady state exercise is in

agreement with prior research in this area (Stiegler & Cunliffe, 20006).
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With regard to abdominal fat 15 weeks of HIIE led to a 0.15 kg reduction of fat
in previously untrained young women (Trapp et al., 2008). As women in this study
possessed moderate levels of abdominal fat it is feasible that the greater abdominal,
trunk, and visceral fat of men may show greater reductions after exposure to HIIE.
For example, Boudou et al. (2003) studied older type 2 diabetic males and found that
after 8 weeks of HIIE abdominal adiposity was decreased by 44%. Whether regular
HIIE will also reduce the abdominal and visceral fat of young non-diabetic but
overweight males is undetermined.

Therefore, the purpose of this study was to examine the effects of 20 min bouts
of HIIE, repeated three times weekly for 12 weeks, on body composition of
overweight males. It was hypothesized that HIIE would result in significant
reductions in total abdominal, trunk, and visceral fat and a significant increase in fat

free mass and aerobic power.

Methods

Subjects

Forty six inactive, overweight men were recruited from a university population and
randomly allocated into either exercise (n=25) or control groups (n=21). The
exercisers and controls were similar in terms of age (24.7 + 4.8 and 25.1 + 3.9 years)
and body mass index (BMI: 28.4 + 0.5 and 29 + 0.9 kg'm™). The study received
approval from a University Research Ethics Committee. Forty six subjects underwent
initial testing, however, for various reasons five withdrew from the exercise group
and three from the control group. There was no significant difference for any

variable between the non-adherents and those males who completed the study.
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Procedures

Subjects were advised to avoid strenuous activity and caffeine consumption for 24
hours prior to testing and attended the laboratory after a 10-hour overnight fast. Tests
for all subjects in control and exercise groups were completed at the same time of
day. The Physical Activity Readiness Questionnaire (Thomas et al., 1992) was filled
out and information on subjects‘ personal and familial medical history obtained.
Fasting blood (300 ml) was drawn at baseline, and at weeks 3, 6, and 12 from an
antecubital vein in EDTA vacutainers. An automated enzymatic method (Cholestech
LDX, USA) was applied to quantify blood lipid profiles and glucose concentrations
from whole blood. The remaining whole blood in EDTA tubes was spun immediately
in a chilled centrifuge (Model Megafuge 1.0R, Heraeus, Germany) at 4°C and frozen
at -86° C for later analysis. Aerobic power was assessed using a TrueMax 2400
Metabolic Cart (ParvoMedics Inc, USA) and an electronically braked cycle
ergometer, Monark 869 (Monark, Sweden). For subjects who could not achieve the

criteria for VOsmax, due to the strenuous nature of the exercise session VOypeax Was

used as an indicant of aerobic power.

Resting Metabolic Rate (RMR)

Fasted subjects relaxed in a reclined position for 30 minutes. Resting heart rate,
resting energy expenditure (REE), and VO, and VCO, were assessed using a
metabolic cart (TrueMax 2400 Metabolic Cart, ParvoMedics Inc, USA). VO,

represents the rate of oxygen utilised by subjects during exercise whereas VCO,

represents the rate of carbon dioxide exhaled. Subjects were advised not to sleep and
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breathe naturally during testing. The first 10 minutes of data collection were

excluded from analysis to allow for subject stabilization.

Diet

Subjects in both exercise and control groups were advised to maintain their normal
eating habits during the study. On their first and last visit to the laboratory subjects
provided a 3-day diet inventory which was analyzed using diet analysis software

(SERVE Nutrition Management Systems, Professional Edition, version 5, Australia).

Body Composition

A Dual Energy X-Ray Absorptiometry (DEXA) scan with a Lunar Prodigy scanner
(software version 7.51, GE Corporation, USA) was used to measure body mass and
percentage body fat. Fat mass (FM) along with FFM in kg were measured for the
whole body. DEXA also provided information on abdominal and trunk fat, as
indicators of central adiposity. Computerised tomography (CT) scans (Philips
Gemini GXL 16, the Netherlands) was also used to measure abdominal and visceral
fat distribution. Axial slices (3 x 10 mm) were performed through the abdomen at
L2/L3 and L4/L5. Fat density of 0.9 mg/L was assumed (Lohman, Slaughter,
Boileau, Bunt, & Lussier, 1984) and it was automatically selected at any tissue
between -150 to -50 Hounsfield Units (HU). Gemini software (GXL Host system)
was used to analyse the CT images. Abdominal, visceral, subcutaneous fat were
determined at the levels of L2/L3 and L4/L5. BMI was calculated by dividing weight

by height squared (kg'm™).
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High Intensity Intermittent Exercise Training

Subjects in the exercise group completed supervised exercise (8 s sprint, 12 s
recovery) continuously throughout each 20-min session. The HIIE workload was set
at 80-90% of each subject‘s heart rate (HR) peak at a cadence between 120 and 130
r.p.m and recovery was set at the same amount of resistance but at a cadence of 40
r.p.m. Subjects were instructed to keep their exercise intensity at a level necessary to
produce a HR between 80-90% of HR peak. As subjects adapted to HIIE training
workload was increased so HR stayed at the appropriate 80-90% HR peak level.
HIIE was coordinated with a pre-recorded compact disc counting down each sprint in
a 3-2-1 manner. Subjects performed a 5-min warm-up and cool-down on the bike
prior to and after each exercise session. All training cycling data included continuous
recording of HR and r.p.m, whereas rating of perceived exertion (Borg, 1982) (RPE)

was assessed at 5-min intervals.

Assays

Insulin was measured using commercially available ELISA immunoassay kits. The
degree of enzymatic turnover of the substrate was determined by dual wavelength
absorbance measurement at 450 and 620 nm (Dako K6219, Denmark). HOMA-IR,
an insulin resistance index (Stern et al., 2005), was calculated as follows:
HOMA-IR = [fasting insulin (uIU/ml) x fasting blood glucose (mmol-1™")]/

22.5.

Statistical Analysis

Data were analysed with the Statistical Package for Social Science for Windows

software (SPSS 18, USA). To examine changes after the intervention an analysis of
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covariance (ANCOVA) was used to evaluate differences between the two groups for
variables that did not violate ANCOV A assumptions. Pre intervention values were
used as covariates. Where assumptions were violated an independent #-test was
conducted on the difference scores. The statistical analysis was considered

significant when the probability level was less than 0.05.

Results

There was no significant difference between the two groups for body mass, BMI

(Table 3.1), and age prior to the training program.

Exercise Heart Rates, RPE, and Work Load

The average HR during the HIIE training sessions for the exercise group was 160 + 9
beats min"' which corresponded to 88% of HR peak and the average RPE was 13.6 +
0.5. Maximal work load significantly increased in the exercise group (P < 0.001) by

43.5 watts (Table 3.1).

Response in Aerobic Power Following the Intervention

HIIE resulted in a significant increase in both absolute and relative VOzpeak (P<
0.005) with absolute VOzpeak being increased by 13% and relative VOzpeak by 15%

(Table 3.1).
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Table 3.1. Change in body composition, aerobic power, resting heart rate, RQ, resting energy expenditure, carbohydrate and fat

oxidation for the high-intensity intermittent exercise and no exercise control group (N=38; mean and standard error)

Exercise Control

Pre” Post Pre’ Post
Weight (kg) 87.8+ 2.7 863+27" 89+£2.9 89.4+3.1
BMI (kg'm™) 28.4+0.5 279+05" 29+0.9 29.1+0.9
Waist circumference (cm) 933+14 89.8+14 " 937+ 1.9 95.1+19
Fat mass (kg) 298+ 1.6 278+15" 31.7 £2.2 31.8+23
% Fat mass 348+1.1 328117 363+ 1.4 36.0+1.5
Fat free mass (kg) 543 £1.5 555+414" 53.8+13 542+13
VOspear (1min™) 3.0+0.1 3.4+0.1" 2.6+0.1 2.7+0.1
VOspear (ml kg 'min™) 342+ 1.0 394+0.8" 29.1+13 30.6 + 1.4
V-Vork output (watts) 2463 +8.1 289.8+8.0 224.4+7.3 225.9+6.3
HR (bpm) 622+25 579+1.8" 62.7+2.0 63.7+1.7
RQ 0.85+0.01 0.83+0.01 " 0.82 £0.02 0.86 £ 0.01
REE (Kcal/day) 1793 + 54 1841 + 56 1788 + 58 1794 + 53
Carbohydrate oxidation (g/day) 232.6 + 143 201.5+13.1 " 186.7 +22.3 25214212
Fat oxidation (g/day) 93.8+6.6 106.1+6.5 " 110.2 +10.0 82.0+10.9

"Pre vales were used as covariates for ANCOVA.
P <0.05, change in exercise group significantly greater compared to that of control group. BMI: body mass index; REE: resting energy expenditure;
HR: heart rate; RQ: respiratory quotient; REE: resting energy expenditure.
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Total Body Mass and Body fat Assessed by DEXA

Total body mass significantly decreased (P < 0.005) in the exercise group (Table
3.1) by 1.5 kg (2%), whereas total FM significantly decreased (P < 0.005) by 2.0 kg
(6.7%; Figure 3.1). The FM of controls was unchanged after 12 weeks (Table 3.1).
Percent body fat in exercisers at pre test was not correlated to changes in percent

body fat after the intervention (» = 0.17, P > 0.05).
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Figure 3.1. Total fat change for the high-intensity intermittent exercise and no

exercise control groups (N=38, mean and standard error)
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Abdominal and trunk fat assessed by DEXA

There was a significant decrease in abdominal fat by 0.14 kg (6.6%) for the exercise
group (P < 0.05) with no change for the control group (Table 3.2). The exercise
group also significantly decreased (P < 0.001) trunk fat by 1.4 kg (8.4%), whereas

trunk fat was slightly increased in controls (Table 3.2).
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Table 3.2. Regional changes in body composition for the high-intensity intermittent exercise and no

exercise control groups (N=38; mean and standard error)

Exercise Control
Region of fat mass Pre’ Post Pre’ Post
Leg fat (kg) 9.6 £0.8 9.0+£0.7 9.9 +£0.7 9.8 £0.7
Leg lean (kg) 18.6 + 0.6 19.0+0.6" 18.5+0.6 18.5+0.5
Arm fat (kg) 27+02 25+02" 2.6 £0.1 2.7 £0.2
Arm lean (kg) 6.7 £0.2 6.7+0.2 6.4+04 6.6 +0.3
Abdominal fat (kg) 2.3+0.1 224017 24 +£0.2 24+0.2
Abdominal lean (kg) 3.7 £0.1 3.7 £0.1 3.5 £0.1 35+0.1
Trunk fat (kg) 17.0£0.9 155£09 7 172 +1.2 173 +1.3
Trunk lean (kg) 24.9+0.7 25.6+07" 24.0+0.8 23.9+0.7

"Pre vales were used as covariates for ANCOVA.
“P <0.05, change significantly greater compared to that of control group.
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Regional Body Composition Assessed by DEXA

There was no significant difference between groups in absolute FM loss in the leg
(P <0.05), whereas arm FM loss was greater for exercisers (P < 0.01; Table 3.2).
Total, leg, and trunk FFM (P < 0.05) were significantly increased after 12 weeks of
HIIE in the exercise group compared to the control group, whereas arm FFM (P >

0.05) showed no significant change after the intervention (Figure 3.2).
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Figure 3.2. Fat free mass change for the high-intensity intermittent exercise groups
(N=38; mean and standard error).

*Significant difference between pre and post testing (P < 0.05).

Abdominal, Visceral, and Subcutaneous Fat Mass Assessed by CT

Total, abdominal, visceral and subcutaneous FM at levels of L2/1.3 and L.4/L5 were

significantly reduced (P < 0.05) after 12 weeks of HIIE compared to the control
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group (Table 3.3). Abdominal fat decreased by 8.5% at L2/L.3 and 6.6% at L4/L5.
Visceral fat was significantly decreased (P < 0.05) by 17% at level L2/L3 and 10% at

level L4/L5 (Table 3.3; Figure 3.3).
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Figure 3.3. Visceral fat change for the high-intensity intermittent exercise and

no exercise control groups (N=38; mean and standard error)

*Significantly different from control group (P < 0.05).
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Table 3.3. Changes in computed tomography scan variables for the high-intensity intermittent exercise and no

exercise control groups (N=38; mean and standard error)

L2/L3 total fat mass (g)
L2/L3 abdominal fat (g)
L2/L3 visceral fat (g)

L2/L3 subcutaneous (g)
L4/L5 total fat mass (g)
L4/L5 abdominal fat (g)
L4/L5 visceral fat (g)

L4/L5 subcutaneous (g)

Exercise Control

Pre’ Post Pre’ Post

564.0 +22.3 538.0+214 " 587.1 +26.3 591.0 + 30.6
280.0+£21.4 256.1+19.6 " 304.8 +26.5 311.9+30.6
94.6+10.6 84.8+99" 102.1+11.5 101.5+11.4
177.3 + 16.3 161.7+14.7 " 194.2 +20.2 200.4 +23.4
576.9 +24.3 555.7+21.7 " 595.7 + 28.4 602.2 +32.7
327.8+23.0 306.3+20.9 346.5+27.3 355.5+31.0
62.6+6.2 51.8+5.1" 69.7+9.7 67.3 +8.4
259.7 +22.1 247.8+20.0 271.7 +26.1 281.7+27.7

“Pre vales were used as covariates for ANCOVA.
P <0.05, change significantly greater compared to that of control.
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Change in Body Composition after 3, 6, and 9 Weeks

At weeks 3 and 6 there were no change in body mass and BMI, however, after 9
weeks body mass (P < 0.005) and BMI (P < 0.005) were significantly decreased. At
the end of the trial body mass and BMI were significantly decreased (P < 0.001;
Table 3.1), yet at week 6, WC was significantly lower than that at baseline, from
93.3t090.7 cm (P < 0.001). There was a further WC reduction from week 6 (90.7
cm) to week 12, (89.8 cm), which was not significant (P > 0.05). Also the major
reduction in visceral fat brought about by HIIE appears to have occurred within the
first six weeks as reduction in waist circumference was significantly correlated (» =

0.57, P <0.05) with reduction in visceral fat (L4/L5) at week six.

Response in Resting Metabolic Rate Following the Intervention

After the intervention exercise subjects had significantly lower resting HR (P < 0.01)
and respiratory quotient (RQ; P < 0.01) compared to subjects in the control group.
There was no significant change in resting metabolic rate after the intervention (P >
0.05), however, subjects in the exercise group had significantly higher (13%) fat
oxidation (P < 0.001) and lower carbohydrate oxidation (P < 0.001) after the

intervention compared to the control group (Table 3.1).

Response in Blood Variables Following the Intervention

Fasting glucose, plasma insulin, glucose, HOMA-IR, and lipid levels were
unchanged in the exercise compared to the control group (P > 0.05). For exercisers
and controls pre-intervention levels of insulin, glucose, HOMA-IR, total cholesterol,

triglyceride, low density lipoprotein, high density lipoprotein (Table 3.4) were within
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the normal range for males of this age (Expert panel on detection, evaluation, and

treatment of high blood cholesterol in adults, 2001).
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Table 3.4. Glucose, insulin, HOMA-IR, and lipid change for the high-intensity intermittent exercise and

no exercise control groups (N=38; mean and standard error)

Glucose (mmol-1™)

Insulin (uU-ml™)

HOMA-IR

Total cholesterol (mmol-1™)
Triglycerides (mmol-1"")

High density lipoprotein (mmol-1")
Low density lipoprotein (mmol-1™)
Very low density lipoprotein (mmol-1™")

TC: HDL ratio

Exercise Control

Pre Post Pre Post

4.86+0.14 4.97+0.10 491+0.14 491 £0.14
6.98 +£0.66 6.72 £0.63 8.67+0.90 829 £0.67
1.51+0.15 1.47+0.14 1.90 £ 0.24 1.82+0.17
4.18+0.25 3.97+0.24 4.59+0.21 436+0.18
1.20+0.27 1.18+0.36 1.52+0.21 1.31£0.18
1.31 £0.09 1.35+0.09 1.08 £ 0.09 1.03 £0.08
2.51+0.16 2.35+0.18 2.82+0.18 2.81+0.16
0.48 £0.07 0.43+£0.10 0.66 +=0.09 0.56 £ 0.09
3.51+0.32 2.99 +£0.20 4.62 +0.31 4.52+0.27

151



Chapter 3. The Effect of High-Intensity Intermittent Exercise on Body Composition of Overweight Young Males

Table 3.5. Marco-nutrient levels before and after the 12-week intervention (N=38; mean and standard

error)
Exercise Control

Pre Post Pre Post
Kilojoules 8102 +428 8142 +414 8569 + 343 8642 + 343
% carbohydrate 43.6+1.8 429+1.5 462+ 1.8 46.8+1.9
% protein 19.8 1.1 19.5+1.1 182+1.1 183=+1.5
% fat 36.4+1.7 37514 357+1.7 349+14
% saturated fat 13.2+£0.8 13.0+0.7 12.4+0.7 11.3+£0.6
% monounsaturated fat 13.6 £0.7 142 +0.7 13.6 £0.7 13.8+0.7
% polyunsaturated fat 6.3+0.6 7.0+0.7 6.3+0.6 6.5+0.7
Cholesterol (mg) 397.3+37.5 394.7+419 304.8+41.6 381.8+57.0
Fibre (g) 19.5+2.5 19.5+2.4 203+2.4 214+28
Sodium (mg) 2564 +320 2709 £+ 335 2390 £ 345 2547 + 335
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Diet
There was no significant change in macro- or micronutrient content before or after

the intervention for the 3-day diet diary of the exercise or control group. Macro-

nutrient levels before and after the 12-week intervention are shown in Table 3.5.

Discussion

The major findings of this study were that HIIE significantly increased VOzpeak and
significantly reduced total, abdominal, trunk, and visceral fat of young, overweight
males. Also trunk and leg fat free mass was significantly increased after HIIE.

The 15% increase in VO is similar to results of a previous study that used a
8 s/12 s HIIE protocol (Trapp et al., 2008). Talanian et al. (2007) also found that a
HIIE program significantly elevated aerobic power. In this study the oxidative
enzyme B-hydroxy-acyl-CoA dehydrogenase was used as a marker of mitochondrial
volume and showed that intermittent sprinting enhances mitochondrial capacity.
Different forms of HIIE have also been shown to significantly increase aerobic
power (Gorostiaga, Walter, Foster, & Hickson, 1991; Weston, Helsen, MacMahon,
& Kirkendall, 2004). Thus, collectively these data show that HIIE results in
significant improvements in aerobic fitness. The improvement in cardiorespiratory
fitness after HIIE is an attractive feature of this mode of exercise as aerobic fitness
has been shown to be an important predictor of positive health (Blair, 2009).

That HIIE resulted in significant subcutaneous fat reduction supports prior
research in women using a similar protocol (Trapp et al., 2008). Results of the
present study with males extend these findings showing that HIIE is an effective and

efficient way of controlling body composition in both genders. With regard to
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abdominal fat, it has been found that 15 weeks of HIIE led to significantly reduced
abdominal fat (0.15 kg) in untrained young women (Trapp et al., 2008). The 0.13 kg
decrease in abdominal fat and 1.5 kg decrease in trunk fat found in the current study
demonstrates that this effect is also present in young males and supports findings by
Boudou et al. (2003) who showed that 8 weeks of HIIE significantly reduced
abdominal adiposity in older diabetic males.

The significant 17% decrease in visceral fat found in the present study extends
the findings of Mourier et al. (1997) who showed a significant reduction in visceral
fat, measured by MRI, following an exercise regimen consisting of steady state
exercise and HIIE for 8 weeks. These findings also add to the results of studies that
have shown that aerobic training interventions decrease visceral adipose tissue
(Ohkawara et al., 2007). The present study, however, appears to be the first to
examine the effects of 20-min bouts of HIIE on visceral fat of young males. As
visceral compared to overall obesity is more strongly associated with cardiovascular
disease risk (Kuk et al., 2006) the ability of HIIE to reduce visceral fat may have
positive health implications. For example, it was shown that reduction in visceral fat
was associated with improvement in glucose and lipid metabolism, (Ross et al.,
2000) whereas Okauchi et al. (2007) found that a reduction in visceral fat lowered
risk of atherosclerotic cardiovascular disease. Interestingly, Ohkawara et al. (2007)
estimated the optimal dose of aerobic exercise necessary to significantly reduce
visceral fat and concluded that 3,780 kcal expended per week was needed. As an
exercise session (e.g., cycling on a stationary cycle ergometer) lasting around an hour
at a moderate exercise intensity expends about 520-550 kcal then to reach an optimal

exercise caloric expenditure of 3,780 kcal per week an individual would have to
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perform approximately seven one-hour exercise sessions per week. In contrast,
subjects in the present study exercised for only one hour per week. Also Donnelly et
al. (2003) conducted a 16-month, 5 hours of aerobic exercise per week program with
overweight young males and recorded a 23% decrease in visceral fat. Thus, it
appears HIIE can bring about significant decreases in visceral fat with programs that
are both significantly shorter in length (e.g., 16 months versus 3 months) and have
less exercise commitment per week (5 hours versus 1 hour). Also the major decrease
in visceral fat brought about by HIIE may have occurred within the first six weeks as
reduction in visceral fat was correlated with reduction in waist circumference (r =
0.57, P <0.05) at week six after which waist circumference did not further decrease.
Although the effect of HIIE on FFM has not been extensively examined one
study using DEXA found that trunk muscle mass was significantly increased in
young females by 0.6 kg after 15 weeks of HIIE, (Trapp et al., 2008) whereas
another study using MRI showed a significant increase in thigh muscle cross
sectional area of older males and females after HIIE (Boudou et al., 2003). The 1.2
kg increase in total FFM found after HIIE in the present study confirms the ability of
this type of exercise to increase FFM. However, the length of this 12-week
intervention was 3 weeks less than that conducted by Trapp et al. (2008) that used
females as subjects. As exercise HRs and relative exercise intensity of the two trials
were similar it appears that males responded with a similar decrease in total fat but a
greater increase in FFM after HIIE. FFM increase in the trunk after HIIE was 0.7 kg
for males and 0.4 kg for females, whereas in the legs was 0.4 kg for males and 0.1 kg
for females. Thus, males compared to females recorded greater increases in FFM in

the trunk and legs. This characteristic may be important for fat loss programs as it
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has been shown that muscle mass is typically decreased after dietary restriction
(Saris, 1993) and is typically unchanged after aerobic exercise training (Stiegler &
Cunliffe, 2006). The significant increase in leg FFM may also reflect important
metabolic adaptations resulting in enhanced insulin sensitivity (Burgomaster et al.,
2005).

Possible mechanisms underlying the HIIE-induced fat loss effect are
undetermined but may include enhanced exercise and post exercise fat oxidation and
suppressed post exercise appetite (Boutcher, 2011). For example, Burgomaster et al.
(2005) and Talanian et al. (2007) have shown that 6 to 7 sessions of HIIE had
significant increases in whole body and skeletal muscle capacity for fatty acid
oxidation. The excess post exercise oxygen consumption response to HIIE does not
appear to have been examined; however, it is feasible that the significant levels of
catecholamines generated during acute HIIE (Trapp et al., 2007) could elevate post
exercise fat oxidation. The significant catecholamine response to HIIE is in contrast
to moderate, steady state aerobic exercise that results in small increases in
epinephrine and norepinephrine (Zouhal et al., 2008). Also the high levels of
catecholamines produced by HIIE may underlie its ability to reduce visceral fat as
catecholamines have been shown to drive lipolysis and are mainly responsible for fat
release from both visceral fat stores (Issekutz, 1978). Also significantly more f3-
adrenergic receptors have been found in visceral compared to subcutaneous fat
(Rebuffe-Scrive et al., 1989) suggesting that HIIE may have greater potential than
steady-state exercise (e.g., jogging, cycling) to reduce visceral fat. Furthermore,
increased fat oxidation after HIIE may occur as a result of the need to remove lactate

and H" and to re-synthesize glycogen. Uncoupled respiration, protein turnover, and
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sympathetic nervous system activity may also contribute to increased energy
expenditure and fat oxidation after exercise (Stiegler & Cunliffe, 2006). Finally,
HIIE may also have a suppressive effect on appetite as exposing rats to hard exercise
has been repeatedly reported to reduce food intake (Bilski, Telegtow, Zahradnik-
Bilska, Dembinski, & Warzecha, 2009).

As this HIIE program required minimal time commitment it has implications
regarding subject compliance with exercise interventions. Thus, physical activity
prescriptions, which require the least effort, while still producing adequate reductions
in subcutaneous and visceral fat are likely to be optimal (Stiegler & Cunliffe, 2006)
and HIIE would seem to fall under this category as subject‘s total exercise
commitment was 60 min per week. In conclusion, 20 min of HIIE, performed three
times per week for 12 weeks, resulted in significant reductions in total body,
abdominal, trunk, and visceral fat and a significant increase in fat free mass of
overweight young males.
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Abstract

Objective: The effect of 12 weeks of high-intensity intermittent exercise (HIIE) on
cardiac, vascular, and autonomic function of young males was examined.

Methods: Thirty-eight young men with a BMI of 28.7+3.1 kg'm™” and age 24.9+4.3
years were randomly assigned to either an HIIE or control group. The exercise group
underwent HIIE three times per week, 20 min per session, for 12 weeks. Aerobic
power and a range of cardiac, vascular, and autonomic measures were recorded
before and after the exercise intervention.

Results: The exercise, compared to the control group, recorded a significant
reduction in heart rate accompanied by an increase in stroke volume. For the exercise
group forearm vasodilatory capacity was significantly enhanced, P < 0.05. Arterial
stiffness, determined by pulse wave velocity and augmentation index, was also
significantly improved, after the 12-week intervention. For the exercise group heart
period variability (low and high frequency power) and baroreceptor sensitivity were
significantly increased.

Conclusions: HIIE induced significant cardiac, vascular, and autonomic

improvements after 12 weeks of training.
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Introduction

The majority of studies examining resting cardiac, vascular, and autonomic change to
chronic exercise have focused on steady state aerobic training such as regular running
and cycling. The major cardiac adaptations to these forms of aerobic exercise have
included a lowering of resting heart rate and an increase in stroke volume (Wilmore
et al., 2001). Vascular adaptations to aerobic exercise have been examined by
assessing variables such as limb blood flow, limb vasodilatory capacity, and arterial
stiffness. Limb blood flow and vasodilatory capacity, indicants of the ability of the
arterioles to dilate, has been enhanced by aerobic training in the exercising (Martin et
al., 1990) and non exercising muscle (Silber et al., 1991). Boutcher and Boutcher
(2005) also found higher vasodilatory capacities in forearm and leg muscles in
runners compared with the untrained. Regular aerobic training has also been shown
to reduce arterial stiffness in healthy young, older, congestive heart failure, and
diabetic adults.

Autonomic adaptations occurring with aerobic exercise include changes in
vagal influence on the heart and arterial baroreceptor sensitivity (BRS). Heart period
variability (HPV) has typically been used to assess cardiac vagal influence. Vagal
influence on the heart, as measured by HPV, has been shown to increase after steady
state endurance exercise training (Tulppo et al., 2003). A significant effect of
exercise training on resting high frequency power was found in a meta-analysis with
the greatest effect shown in younger participants and longer interventions
(Sandercock et al., 2005). With regard to aerobic exercise training and BRS some

researchers have found an increase in arterial BRS following endurance training
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(Monahan et al., 2000), whereas others have reported either no change or a decrease
(Bowman et al., 1997).

In contrast to aerobic exercise examination of the resting cardiac, vascular, and
autonomic function response to other forms of exercise has been scant. For example,
little is known about the potential resting cardiovascular changes that may occur after
exposure to regular high-intensity intermittent exercise (HIIE). HIIE typically
consists of repeated short sprints on a cycle ergometer (6 s to 30 s) followed by a
brief period of low intensity cycling (Boutcher, 2011a). HIIE has been shown to
result in significant increases in both anaerobic and aerobic fitness (Boutcher,
2011a). In a series of studies Gibala and colleagues (2012) have examined skeletal
muscle adaptations to HIIE and have demonstrated that HIIE consistently elevates
maximal activity and protein content of a number of mitochondrial enzymes.
Participation in HIIE also results in significant decreases in total and abdominal fat
(Boutcher, 2011a). Also, compared to steady state aerobic exercise, HIIE has been
shown to have a significantly greater acute impact on the autonomic nervous system,
determined by heart rate and plasma catecholamine response to a single bout of
exercise (Trapp et al., 2007). Although the effect of long term HIIE training on
autonomic function has not been examined it has been shown that high-intensity
endurance training was more effective for enhancing cardiac vagal control than a low
intensity exercise program (Martinméki et al., 2008). Thus, carrying out more
intensive exercise training may induce greater autonomic and cardiovascular
adaptations. Therefore, the aim of this study was to examine the effect of 12 weeks of
HIIE on resting heart rate, stroke volume, limb blood flow, limb vasodilatory

capacity, arterial stiffness, HPV, and BRS in young males.
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Methods

This study was an open-label, parallel-group with allocation concealment (sealed
envelopes) individually randomized trial. The allocation ratio was 1:1 for two groups.
The study took place in the exercise physiology laboratories, University of New
South Wales, Sydney, Australia from March 2009 to November 2010. The trial has
been registered in the Australian New Zealand Clinical Trials Registry (registration

number: ACTRN12612001003864).

Subjects

After obtaining approval from a University Ethics Committee, males aged 18-35
years and a BMI of 23-35 kg'm” were invited to participate in the intervention
through advertisements and notice boards placed in public areas and student
magazines. Study inclusion criteria included being a non-smoker, being physically
inactive, not being diagnosed with any type of cardiovascular and pulmonary disease,
and not being on any regular medication. Out of 38 participants recruited and
consented, 20 participants were randomly allocated to an intervention group to
receive a 12-week supervised HIIE training and 18 participants were assigned to a
control group and were asked to maintain their normal daily routine (Figure 4.1).
For a variety reasons five subjects withdrew from the exercise group and three from
the control group. There was no significant difference for any variable between the
drop-outs and subjects who completed the study. Allocation concealment was
conducted by randomly picking a piece of paper labeled —exe” or —eon” from the
subject pool in an envelope. The trial was not blinded for participants because of the

nature of the exercise intervention, but outcome assessors and data analyzers were
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blinded. Subject number was based on results of prior research examining aerobic
power increase to the same exercise protocol (Trapp et al., 2008). Aerobic power
increase to HIIE produced a large effect size of .9. Thus, based on a moderately large
effect size, sample sizes of 10-12 males per group provides a statistical power of 0.8
at an alpha of P < 0.05. Consequently, having greater than 16 males in each group

provided a buffer for drop-out.

Pre and Post Testing

Participant recruitment, assignment, and drop-out are shown in Figure 4.1. Pre
testing involved participants coming to the laboratory after an overnight fast between
7 am and 11 am. The testing room was quiet and was maintained at a constant
ambient air temperature of 22-23°C. Participants were also instructed to abstain from
caffeine, tobacco, and alcohol for at least 8 hrs before testing to avoid any
confounding effects of stimulants or depressants on autonomic function. Participants
were instructed not to exercise within 24 hrs of the test to eliminate the residual

effects of exercise.

166



Chapter 4. High-Intensity Intermittent Exercise and Cardiovascular and
Autonomic Function

[ 339 Subjects were assessed for eligibility ]

4>|' 293 Were not eligible ]

v

[ 46 Underwent randomization ]
' l T l T
25 Were assigned 21 Were assigned
to exercise group to control group
t l A l A
5 Drop out 3 Drop out

R

20 Were analvzed 18 Were analyzed

Figure 4.1. Flow chart of participant recruitment, assignment and drop-out

HIIE Training Program

The intervention group performed supervised HIIE training on a cycle ergometer
(Monark 828E) at a frequency of 3 times a week for 12 weeks. Participants were
instructed to cycle at a workload of 80-90% of their maximum heart rate with a
cadence between 120 and 130 rpm. During recovery, the cadence was reduced to 40
rpm with no change in resistance. Each exercise session consisted of a 5-min warm-
up, 20-min of 8 s sprint and al2-s recovery, and a 5-min cool-down. Workload was
gradually increased during the trial depending on the participant‘s heart rate which

was monitored by a Polar Heart Rate monitor (Polar Electro Oy, Kempele, Finland).
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Heart Period Variability (HPV)

Resting supine R-R intervals were recorded for 30 min, at a sampling rate of 1000
Hz, using the Polar RS800CX Heart Rate Monitor (Polar Electro Oy, Kempele,
Finland) and data were analyzed with the Polar ProTrainer 5™ software. Total power
(TP), parasympathetic (HF, RMSSD, and pNN50) and measures of cardiac

sympathetic influence (VLF, LF, and TP) of HPV were evaluated.

Arterial Baroreflex Sensitivity

Arterial BRS was determined under spontaneous behaviour using the sequence
method (BaroCor™ AFx, AtCor Medical, Australia). This technique has been shown
to be a valid and reproducible method for determining arterial BRS in humans

(Parlow, Viale, Annat, Hughson, & Quintin, 1995).

Augmentation Index (Alx)

Blood pressure was recorded (BP Monitor; UNSW) with a wrist sensor placed on the
left wrist radial pulse (Model 7000, Colin Medical, Japan). Central aortic waveforms
were derived from the recorded radial arterial pressure waveform by using
SphygmoCor software (SphygmoCor, SCOR-2000, AtCor Medical, Australia). The
use of a transfer function (SphygmoCor) has been validated against directly
measured central aortic pressure (Soderstrom, Nyberg, O‘Rourke, Sellgren, &
Pontén, 2002). An index of arterial stiffness (Alx) was defined as the ratio of the
difference between the first (early systolic shoulder) and second peaks (late systolic
shoulder) to pulse pressure and was expressed as a percentage. Because Alx is

influenced by heart rate it was normalized to a rate of 75 b-min .
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Pulse Wave Velocity (PWV)

Central PWV was measured between the carotid and femoral arteries using a
SphygmoCor® pulse wave velocity system model SCOR-Vx and was analyzed with
SphygmoCor Cardiovascular Management Suite (CvMS) software version 8. An
ECG lead II was recorded during the test as well as pre systolic and diastolic blood

pressure.

Impedance Cardiography (ICG)

ICG was measured using a Minnesota impedance cardiograph (Model 304B;
Surcom, Minneapolis MN) and included the recoding of heart rate, stroke volume,
cardiac output, pre-ejection period (PEP), and left ventricle ejection time (LVET).
Data were analyzed using cardiac output program software (COP, Microtronics Inc,

Chapel Hill, NC).

Forearm Blood Flow and Peak Forearm Blood Flow

FBF was assessed by using a plethysmograph (Model EC4, D.E. Hokansen, Inc,
Bellvue, WA, USA) as has been previously described (Boutcher, Hopp, & Boutcher,
2011b). Peak FBF was used as a measure of vasodilatory capacity and was
determined by a reactive hyperaemia condition using the venous occlusion technique.
It has been shown that 5 min of blood flow occlusion induces a maximal vascular
response. More details of peak FBF measurement can be found in a previously
published article (Boutcher, et al., 2011b). Forearm vascular resistance was also

calculated by dividing mean arterial pressure (MAP) by FBF.
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Arterial Blood Pressure and R-R Interval

Participants® pulse rates were obtained using the standard lead II of a surface
electrocardiogram (LifePulse model LP10, HME), and beat-to-beat blood pressure
was measured continuously using the Colin Jentow (Model 7000, Colin Medical,

Japan).

Aerobic Power

Maximal or peak oxygen consumption was measured using an electrically braked
cycle ergometer (Ergomedic 839E, Monark) and open-circuit spirometry (True Max
2400, ParvoMedics). Participants cycled at a cadence of 70 rpm until volitional
exhaustion. A ramp protocol was used, after a 3-min warm-up period at 30 W, the
workload increased by 1 W every 2 s. Heart rate was monitored by the Polar SC800
heart rate monitor. The end point was achieved when the participant was unable to

continue.

Statistical Analysis

Data were analyzed using Statistical Package for Social Science for Windows
software (SPSS 18, USA). To examine changes after the intervention an analysis of
covariance (ANCOVA) was used to evaluate differences between the two groups for
variables that did not violate ANCOV A assumptions. Pre-intervention values were
used as covariates. Where assumptions were violated an independent #-test was
conducted on the difference scores. No primary or secondary outcomes were defined.
The statistical analysis was considered significant when the probability level was less

than 0.05. Effect sizes were calculated using partial eta squared (n”) with values of
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0.1, 0.3, and above 0.5 considered to be a small, medium, and large effect. Results

are reported as mean and standard deviation of the mean.

Results

Exercise Heart Rates and Power Output

The average heart rate during the HIIE training sessions for the exercise group was
160 + 9 b'm™ which corresponded to 88% of HR peak. The average power output
during the HIIE training sessions for the exercise group was 200 + 10 W which

corresponded to 81% of maximal power output.

Body Mass and Aerobic Power

Compared to controls the exercise group‘s body mass was significantly decreased (P
=0.001, n* = 0.20) and aerobic power was significantly increased (P = 0.001, 12 =
0.39) by 15% for the exercise group (Table 4.1).

Table 4.1. Changes in body composition and aerobic power after the 12-week
intervention (mean and standard deviation)

Exercise Control
Variables Pre Post Pre Post
Weight (kg) 87.8+£11.7 863+11.6* 89+ 124 89.4+12.9
BMI (kg.m’z) 284+24 27.9+24%* 20+39 29.1 £3.8

Waist circumference (cm) 93.3=x6.1 89.8£6.4 * 93.7+8.0 95.1+£8.2
VOsmax (I min™) 3.0£0.6 34+£0.6%* 2.6+0.5 2.7+0.5

VO,max (mlkg ' .min™) 342+44  394+35*  290+50  304+£55

BMI: body mass index; VOay,: maximal oxygen uptake.
*P <0.01, change greater compared to that of control.
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Cardiac Response

Resting heart rate was significantly reduced in the exercise compared to the control
group after 12 weeks of HIIE (P = 0.001, n° = 0.37), whereas stroke volume
increased significantly (P = 0.000, n* = 0.45) after the intervention. Pre-ejection
period (PEP) did not show a significant change (P = 0.142, n° = 0.07) but left
ventricular ejection time (LVET) significantly increased (P = 0.003, n° = 0.26) and

PEP/LVET ratio was significantly decreased (P = 0.014, n> = 0.19; Table 4.2).

Table 4.2. Changes in cardiac measures after the 12-week intervention (mean
and standard deviation)

Exercise Control
Variables Pre Post Pre Post
HR (b.m™) 67.4+9.7 61.2+89* 68.9+7.7 704 +6.7
SV (ml) 772+249 904+263* 756+189  70.2+20.9
PEP (ms) 133.0+12.6 129.2+16.2 126.0+ 163 130.1+£9.9
LVET (ms) 271.5+£26.5 286.8+26.0* 281.1+18.5 273.4+16.6
PEP/LVET 049+0.06 045+0.07* 045+0.07 0.48+0.05

HR: heart rate; SV: stroke volume; PEP: pre-ejection period; LVET: left ventricular
gjection time. *P < 0.05, change greater compared to that of control.

Blood pressure

Systolic blood pressure (SBP), P = 0.005 (n2 = 0.21) diastolic blood pressure (DBP),
P =0.003 (2 = 0.23) and mean arterial pressure (MAP), P = 0.001 (n* = 0.27) were
all significantly lower in the exercise compared to control group after the

intervention (Table 4.3).
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Table 4.3. Changes in vascular measures after the 12-week intervention (mean and standard deviation)

Exercise Control
Variables Pre Post Pre Post
Alx (%) 9.8+ 12.4 62+11.0% 7.1+£72 10.4 £6.8
FBF (ml.100ml tissue™.min™") 1.9+0.8 24+0.7 2.1+05 2.1+0.7
FVR (mmHg.ml".100 ml tissue”.min™) 47.6£153 36.7+13.2%* 39.8+8.8 441138
FVR (mmHg.ml".100 ml tissue™.min™) * 42+20 3.0+£0.8% 3.5+1.1 3.6+ 0.9
SBP (mmHg) 119.6 £9.9 115.5+9.7* 1174+ 134 121.7+12.8
DBP (mmHg) 63.7+7.3 592+75% 62.2+7.0 65.8+£6.6
MAP (mmHg) 83.1+8.2 78.7+ 8.0 * 80.7 £ 8.6 84.3+7.0

Alx: augmentation index; FBF: forearm blood flow; FVR: forearm vascular resistance; SBP: systolic blood pressure;
DBP: diastolic blood pressure; MAP: mean arterial pressure.
* FVR during vasodilatory capacity measurement. *P < 0.05, change greater compared to that of control.
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FBF and Vasodilatory Capacity

Resting forearm blood flow did not show a significant change after the exercise
intervention (P = 0.092, n> = 0.08) although it increased in the exercise group.
Forearm vascular resistance (FVR) was significantly lower in the exercise compared
to control group (P = 0.008, n> = 0.18; Table 3). Vasodilatory capacity (peak FBF),
P =0.003 (n” = 0.31) and FVR were significantly changed in the exercise group (P

=0.001, n* = 0.34; Figure. 4.2; Table 4.3).
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Peak FBF (ml-100 ml tissue™ ] -min'l)

Pre Post

Figure 4.2. Peak forearm blood flow change after 12 weeks of high intensity
intermittent exercise

*Post relative to pre values in exercise group are significantly different from
control group (P < 0.05).

174



Chapter 4. High-Intensity Intermittent Exercise and Cardiovascular and
Autonomic Function

PWV and Augmentation Index

Pulse wave velocity (PWV) and augmentation index (AIx) were used as
indicators of arterial stiffness. PWV was significantly reduced in the exercise
compared to control group after 12 weeks of HIIE (P = 0.013, n> = 0.21;
Figure. 3). Alx at a heart rate of 75 b.m™' was also significantly reduced in the

exercise compared to control group (P = 0.024, n? = 0.13; Table 4.3).
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Figure 4.3. Pulse wave velocity change after 12 weeks of high intensity

intermittent exercise

*Post relative to pre values in exercise group are significantly different from
control group (P < 0.05).
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HPV

Participants in the exercise group showed a significant increase in low (P =

0.032, n* = 0.32) and high frequency power (In) compared to the control group

(P =0.014, n* = 0.32). R-R interval, RMSSD, and pNN50% were also

significantly increased (P = 0.001, n* = 0.35; P = 0.033, 1> =0.14; P = 0.019,

n® = 0.17 respectively; Table 4.4).

Table 4.4. Changes in resting heart period variability after the 12-week

intervention (mean and standard deviation)

Exercise Control
Variables Pre Post Pre Post
TP (au) 34181 £ 45536 63035 + 108894 48208 + 60290 47226 + 66536
TP (In) 9.8+1.2 100+1.5 104 +£0.8 100+ 1.4
VLF (au) 29650 + 39944 57958 + 104643 44786 + 59352 44238 + 65330
VLF (In) 9.6+ 1.4 9.7+1.8 102+1.0 9.7+1.6
LF (au) 1956 £ 1728 2812 £2424 1542 £ 941 1598 £ 1372
LF (In) 73+0.8 7.7+£0.8* 7.1+£0.7 7.0+0.9
HF (au) 2575+ 5175 2265+ 2648 1880 + 1887 1391 £ 1426
HF (In) 69+1.4 72+1.1% 7.1+1.0 6.8+1.1
RMSSD (ms) 67.3+62.0 74.4+429 * 65.9£35.7 56.6 £29.7
pNNS50 (%) 151+12.4 193+10.5% 17.7+£9.3 14.8+9.0

TP: total power (0.0-0.4 Hz); VLF: very low frequency power (0.0-0.04 Hz); LF: low

frequency power (0.04-0.15 Hz); HF: high frequency power (0.15-0.40 Hz); In: natural
logarithm; RMSSD: root mean square of successive differences; pNN50: percentage of
interval differences of successive N—N intervals greater than 50 ms.

*P < 0.05, change greater compared to that of control.
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BRS
Baroreflex sensitivity was significantly increased for the exercise group after the 12-

week intervention compared to the control group (P = 0.011, n> = 0.17; Figure. 4.4).

30
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Figure 4.4. Baroreflex sensitivity change after 12 weeks of high intensity intermittent

exercise

*Post relative to pre values in exercise group are significantly different from control
group (P <0.05).

Discussion

Exercisers compared to controls experienced a significant reduction in heart rate and
arterial stiffness, whereas stroke volume, limb vasodilatory capacity, heart period
variability, and baroreflex sensitivity were significantly increased. Aerobic power
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also improved significantly by 15% for the exercise group. Thus, HIIE induced
significant cardiac, vascular, and autonomic improvements after 12 weeks of
training.

HIIE training resulted in a significant decrease in resting heart rate. These
results are similar to the results of numerous longitudinal aerobic exercise studies
that have also documented exercise-induced bradycardia (Wilmore et al., 2001).
Unfortunately, the mechanism that causes bradycardia has not been identified. It is
considered to reflect a combination of reduced intrinsic heart rate, decreased
sympathetic tone, and enhanced parasympathetic or vagal tone. Endurance training-
induced decrease in intrinsic heart rate has been consistently found by several studies
(Katona, McLean, Dighton, & Guz, 1982) although the increase in vagal influence
on the heart found in the present study (discussed later) may have contributed to the
decrease in resting heart rate found after HIIE training.

Schairer et al. (1992) have demonstrated that the large exercise stroke volume
of elite cyclists and runners was primarily influenced by increased preload and to a
lesser extent by myocardial contractility. This indicates that, in younger subjects,
endurance training may increase cardiac performance by inducing cardiac dilatation
during exercise. Such dilatation is also present during rest, as young endurance
trained athletes typically possess significantly larger resting stroke volumes and
lower resting heart rates compared to sedentary individuals (Schairer et al., 1992).
These greater stroke volumes at rest could be achieved by increased myocardial
contractility although increased end-diastolic volume appears to be the more likely

mechanism (Schairer et al., 1992). Enhanced end-diastolic volume has been shown to
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be increased as a result of aerobic exercise-induced blood volume expansion
(Convertino, 1991).

With regard to the 15% increase in resting stroke volume found in the present
study the underlying mechanism is undetermined as blood volume change to HIIE
was not assessed. However, the significant increase in resting cardiac contractility
reflected by the systolic time intervals of left ventricular ejection time and pre
ejection period/ left ventricular ejection time (Table 4.2) suggests that increased
myocardial contractility may play a role in stroke volume enhancement after HIIE.
For example, aerobic exercise training alters the contractile properties of cardiac
muscle fibers of exercising rats. Changes include increased sensitivity of cardiac
muscle fibers to Ca*" activation and an enhanced cardiac fiber force-length
relationship (Diffee, Seversen, & Titus, 2001). Also it has been shown that increased
myocardial Ca®" sensitivity of steady-state tension accompanies aerobic interval
training in mice (Kemi et al., 2007). As these studies used aerobic training to
examine myocardial contractility change future research using interval sprinting as
the exercise modality are needed.

The significant increases in vasodilatory capacity found after HIIE training
supports the results of long-term aerobic exercise training that has shown enhanced
vasodilatory capacity (arteriolar dilation) in exercising muscles. Cross-sectional
studies have revealed that aerobically trained individuals possessed greater
vasodilatory capacity compared to untrained individuals, whereas longitudinal
research (Martin et al., 1990) found enhanced vasodilatory capacity in calf muscles
after 6 months of cycling and jogging in older men and women. In terms of non-

exercising muscles, Silber et al. (1991) have reported augmentation of vasodilatory
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capacity in the forearm after 4-weeks of leg cycling exercise, whereas a number of
studies have shown vascular function improvement of upper limb following lower
limb exercise in healthy subjects in both conduit arteries such as brachial and radial
(Clarkson et al., 1999; Pullin et al., 2004; Tinken et al., 2008) and resistance arteries
(DeSouza et al., 2000; Goto et al., 2003; Kingwell, Sherrard et al., 1997). Thus, the
increase in forearm vasodilatory capacity found in the present study also shows that
HIIE can increase limb capacity in non-exercising muscles. The mechanisms
underlying this phenomenon have not been fully elucidated. The endothelial
adaptation in conduit arteries may be attributed to increased shear rate, whereas its
effect on resistance arteries is undetermined (Green et al., 2011). Other possible
mechanisms influencing forearm vasodilatory adaptation include an increase in
endothelial NO synthase (eNOS) and prostaglandin release and a decline in free
radical-mediated NO degradation and sympathetic vasoconstrictor tone (Niebauer &
Cooke, 1996).

Although longitudinal data examining arterial stiffness and exercise are limited
Tanaka et al. (2000) assessed arterial stiffness in middle-aged men before and after 3
months of aerobic exercise training and found a reduction in resting arterial stiffness.
In addition, other studies have also found lowered arterial stiffness after training in
patients with congestive heart failure and in type 2 diabetes. Sugawara and
colleagues (2004) assessed central arterial stiffness in postmenopausal women
before and after 15 weeks of aerobic exercise training at a low and moderate
intensity and found the same amount of reduction in arterial stiffness regardless of
training intensity. The 37% decrease in arterial stiffness found in the present study

(Figure. 4.3) extends these results to HIIE.
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The increase in HPV, reflecting increased vagal influence on the heart, found
after 12-weeks of HIIE training supports the results of prior research with aerobic
exercise (Sandercock et al., 2005). In contrast, Sloan et al. (2009) showed that
autonomic control of the heart did not improve after resistance training. Madden et
al. (2006) also found similar results in comparing aerobic endurance and resistance
training after 6 months in older women. Two studies have examined HPV using
aerobic interval training in older physically active males and coronary artery disease
patients. It was found that HPV increased after interval training (Munk et al., 2010;
Pichot et al., 2005). In contrast, to the aerobic interval training of the prior two
studies the interval exercise of the present study was anaerobic in nature. Thus, these
results appear to be the first to show that high-intensity intermittent sprinting
accompanied by brief low intensity exercise can significantly increase vagal
influence on the heart. HRV was only assessed during spontaneous breathing at rest.
That HPV was not also measured during paced breathing at rest is a limitation of this
study.

The 12% increase in arterial BRS (Figure. 4.4) found after HIIE training
supports research examining aerobic exercise that found an increase in arterial BRS
following training. Monahan et al. (2000) determined arterial BRS before and after a
3-month walking program in sedentary middle aged and older men. They reported an
average 25% increase in arterial BRS. Other studies utilizing aerobic exercise,
however, have not reported change.

An inverse relationship between arterial stiffness and baroreflex sensitivity has
been previously reported (Lipman, Grossman, Bridges, Hamner, & Taylor, 2002).

According to Lipman et al. (2002) baroreflex sensitivity can be, in part, defined by
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vascular stiffness. Although the mechanism underlying this relationship is not fully
understood, one possible explanation might be that the increased stiffness of the
arteries, in which the arterial baroreceptors are located, decreases the engagement of
the stretch-sensitive baroreceptors. This may be the reason why a reduction in arterial
stiffness after HIIE training was accompanied with an increase in BRS. Future
studies are required to test this hypothesis. Arterial baroreflex activity during HIIE,
as opposed to rest, should also be examined as it is reset during aerobic exercise in an
intensity-dependent manner which enables it to continuously control blood pressure
(Fadel & Raven, 2012).

The improvements in cardiovascular and autonomic indicators following HIIE
training are likely to have health implications as low VO,max has been shown to
predict cardiac disease and high levels of arterial stiffness are associated with
increased cardiovascular morbidity and mortality (Laurent et al., 2001). Furthermore,
low vasodilatory capacity and baroreceptor sensitivity (Ookuwa et al., 1987) have
been linked to hypertension development and reduced HPV is a predictor of a
number of cardiac complications (Olshansky, Sabbah, Hauptman, & Colucci, 2008).

In conclusion, HIIE brought about a significant reduction in heart rate and
arterial stiffness, whereas aerobic fitness, stroke volume, limb vasodilatory capacity,
heart period variability, and baroreflex sensitivity were significantly increased. Thus,
regular HIIE induced significant cardiac, vascular, and autonomic improvements

after 12 weeks.
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Abstract

Objective: The purpose was to examine the effect of a 12-week exercise intervention
on the cardiovascular and autonomic response of males to mental and physical
challenge.

Methods: Thirty-four young overweight males were randomly assigned to either an
exercise or control group. The exercise group completed a high-intensity intermittent
exercise (HIIE) program three times per week for 12 weeks. Cardiovascular response
to the Stroop task was determined before and after the intervention by assessing heart
rate (HR), stroke volume (SV), arterial stiffness, baroreflex sensitivity (BRS), and
skeletal muscle blood flow.

Results: The exercise group improved their aerobic fitness levels by 17% and
reduced their body weight by 1.6 kg. Exercisers compared to controls experienced a
significant reduction in HR (p <0.001) and a significant increase in SV (p < 0.001)
at rest and during Stroop and exercise. For exercisers, arterial stiffness significantly
decreased at rest and during Stroop (p < 0.01), whereas BRS was increased at rest
and during Stroop (p < 0.01). Forearm blood flow was significantly increased during
the first two minutes of Stroop (p < 0.05).

Conclusions: HIIE induced significant cardiovascular and autonomic changes at rest

and during mental and physical challenge after 12 weeks of training.

189



Chapter 5. The Effects of High-Intensity Intermittent Exercise Training on
Cardiovascular Response to Mental and Physical Challenge

Introduction

The traditional cardiovascular risk factors of smoking, obesity, diabetes, physical
inactivity, and family history predict about 50% of the variance of new
cardiovascular disease cases (WHO, 2011), therefore, a number of other risk factors
must contribute to cardiovascular disease development. One such factor is
psychological stress which has been identified as playing a role in the development
of cardiovascular disease (Chida & Steptoe, 2010). An exaggerated cardiovascular
response to laboratory stressors such as mental arithmetic and the Stroop color-word
task has been shown to have a small but significant contribution of about 2% to the
future development of hypertension (Carroll et al., 2003; Carroll et al., 2001).

As regular aerobic exercise has been shown to reduce cardiovascular reactivity
to acute exercise it has been proposed that exercise participation can also decrease
cardiovascular reactivity to mental challenge (Boutcher & Hamer, 2006). Several
longitudinal studies have reported a significant reduction in cardiovascular reactivity
(Blumenthal et al., 1991; Georgiades et al., 2000), however, these results have been
obtained from populations with initially elevated cardiovascular reactivity to mental
challenge such as hypertensive and Type A individuals. With regard to studies using
normotensive participants, changes in heart rate (HR) and blood pressure (BP) have
been recorded. For example, Forcier et al. (2006) conducted a meta-analysis and
found that aerobically fit individuals showed significantly attenuated HR (1.84 bpm)
and systolic BP reactivity (3.69 mmHg) and a trend toward attenuated diastolic BP
reactivity (1.2 mmHg).

These results have been derived mainly from studies using steady state aerobic

exercise (e.g., cycling, jogging, and swimming). Thus, the effects of other types of
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exercise such as regular resistance and anaerobic training on cardiovascular
reactivity are undetermined. High-intensity intermittent exercise (HIIE), a form of
anaerobic training (Boutcher, 2011), involves repeated short bouts of high-intensity
exercise interspersed with recovery periods (light exercise). It has been shown that
HIIE, compared to steady state exercise, produces a significantly greater impact on
the autonomic nervous system (ANS) assessed by HR and plasma catecholamine
levels (Trapp et al., 2007). Given that HIIE induces a significant acute cardiovascular
response it is feasible that HIIE training will also produce greater adaptations in ANS
control of the cardiovascular system. HIIE sessions are also typically much shorter
than aerobic exercise sessions and this reduced time commitment is likely to be
appealing to individuals interested in improving cardiovascular health. To date,
however, no study has examined the effect of HIIE training on cardiovascular
response during mental and physical challenge.

Although the effects of aerobic exercise training on HR and BP response to
mental challenge have been extensively studied, relatively less attention has been
devoted to other aspects of cardiovascular response such as skeletal muscle blood
flow and baroreceptor sensitivity (BRS). In addition, the effect of HIIE training on
arterial stiffness during mental challenge has yet to be studied. Consequently, it is not
clear whether autonomic control of the heart determined by BRS and arterial
stiffness under mental and physical challenge is influenced by HIIE training.
Therefore, the purpose of this study was to examine the effects of HIIE, repeated
three times per week for 12 weeks, on multiple measures of cardiovascular and

autonomic reactivity. It was hypothesized that a program of HIIE would result in
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significant reductions in the reactivity response during both mental and physical

challenge of young, inactive men.

Methods

Participants

Males aged 18-35 years and BMI 25-35 kg/m” were invited to participate through
advertisements placed on the notice boards of public areas and student magazines
(Table 5.1). Participants were non-smokers, physically inactive, free of any type of
cardiovascular and pulmonary disease, and were not taking any medication. The
initial participant pool was 41 with 21 participants being randomly allocated to an
exercise intervention group and 20 to a control group. For various reasons such as
job commitment, moving overseas, and a car accident four participants withdrew
from the exercise and three from the control group. There was no significant
difference for any variable between the drop-outs and those males who completed
the study. Of the 17 participants in the intervention group (age 24.4 + 4.7 yrs) 12
were overweight and 5 were obese, whereas of the 17 participants in the control
group (age 25.2 + 4.0 yrs) 13 were overweight and 4 were obese. Participants
completed the Physical Assessment Readiness Questionnaire, PAR-Q, (Thomas et
al., 1992) which provided information on health status and determined whether
participants were suitable to undergo VOzpeak testing. PAR-Q assessment indicated
that none of the participants had a heart condition or chest pain during physical
activity or rest. None of the participants were involved in regular physical activity
during the last 6 months. Participants in both exercise and control groups were

advised to maintain their normal eating habits during the study. The control group

192



Chapter 5. The Effects of High-Intensity Intermittent Exercise Training on
Cardiovascular Response to Mental and Physical Challenge

was also asked to keep to their normal lifestyle during the trial period. The study
protocol was approved by a university Ethics Committee and conformed to the

declaration of Helsinki. Informed written consent was obtained before testing.

Table 5.1. Changes in body composition and aerobic power after the 12-week

intervention for the exercise and control groups (mean and standard error)

Variable Pre Ex Post Ex Pre Cont Post Cont
Weight (kg) 890.2+29 87.6 £2.9% 899+29 90.4 +3.1
BMI (kg-mz) 28.4+0.6 27.9+0.6* 292+0.9 293+0.9

Waist circumference (cm) 93.5+1.6 89.8 +1.7* 93.9+2.0 952+2.0
VOypea (I'min™) 3002 35+0.1% 2.6 +0.1 2.7+0.1

VOspent (kg min”) 339411  398+09%  201+13  306=14

BMI: Body mass index. *P < 0.05, Post relative to pre values in exercise group are
significantly different from control group.

Measurements

Heart Rate and Blood Pressure

Participants® HR was obtained using the standard lead II of a surface
electrocardiogram (LifePulse model LP10, HME), and beat-to-beat BPs were
measured continuously using the Colin Jentow (Model 7000, Colin Medical, Japan),
which has been validated using simultaneous intra-arterial monitoring (Sato,
Nishinaga, Kawamoto, Ozawa, & Takatsuji, 1993). A sensor was placed around the

wrist where the radial artery was maximally pulsatile and indirect continuous 5-min
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beat-to-beat BPs were recorded. Rate pressure product (RPP) was calculated during

baseline and the Stroop task by multiplying HR by systolic BP and dividing by 100.

Stroke Volume

Cardiac function was measured using the Minnesota impedance cardiograph (Model
304B; Surcom, Minneapolis, MN) and included the recording of HR, stroke volume
(SV), cardiac output (CO), pre-ejection period (PEP), left ventricle ejection time
(LVET), Heather index (HI), and dZ/dt(max). PEP is an index of cardiac contractility
and is inversely related to left ventricular contractility and sympathetic (beta-
adrenergic) influences on the myocardium. The HI is another index of myocardial
contractility and is defined as the ratio of dZ/dtmax) to the electromechanical time
interval (Q-Z interval). This index reflects changes in cardiac contractility. dZ/dt(max)
correlates well with aortic blood flow and represents the magnitude of the largest
impedance change during systole and maximal speed of blood ejection (Sherwood et
al., 1990). Data were analyzed with the cardiac output program software (COP,

Microtronics Inc, Chapel Hill, NC).

Arterial Stiffness Determined By Augmentation Index

Radial artery pressure waveform was collected with a wrist sensor placed on the left
arm radial pulse (Model 7000, Colin Medical, Japan) and was stored by BP Monitor
software (BP Monitor, UNSW). The central aortic waveform was derived from the
recorded radial arterial pressure waveform by using SphygmoCor software
(SphygmoCor, SCOR-2000, AtCor Medical, Australia). An index of arterial stiffness
(AIx) was defined as the ratio of the difference between the first (early systolic

shoulder) and second peaks (late systolic shoulder) to pulse pressure and expressed
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as a percentage. Because Alx has an inverse correlation with HR, it was normalised
to a HR of 75 b-min™". This technique has been reported to be reliable and
reproducible (Wilkinson et al., 1998). The use of a transfer function (SphygmoCor)
to synthesize a central aortic pressure from radial arterial pressure has been validated

against directly measured central aortic pressure (Soderstrom et al., 2002).

Arterial Baroreflex Sensitivity

Arterial baroreflex sensitivity (BRS) was determined under a condition of
spontaneous behavior using the sequence method (BaroCor™ AFx, AtCor Medical,
Australia). The software identified the sequences in which RR interval and SBP
concurrently increase (up sequence) or decrease (down sequence) over three or more
beats. The minimum change had to be 1 mmHg for systolic BP and 5 ms for the R-R
interval. The linear regression between R-R interval and systolic BP was computed
for each sequence. Only sequences with a correlation coefficient greater than 0.85
were used. The average regression slope for these sequences was considered as the
BRS for the entire data sampling period. BRS was calculated over 4 min (equal to
80% of total recording time) for each baseline and during the Stroop and exercise
tasks. The sequence method has been shown to be a valid and reproducible method

for determining arterial BRS in humans (Parlow et al., 1995).

Forearm Blood Flow

Forearm blood flow (FBF) was measured using the venous occlusion technique. A
mercury strain gauge was fitted at the widest part of the forearm, 5 cm distal from the
antecubital vein, and was attached to a plethysmograph (Model EC4, D.E. Hokanson,

Inc, Bellevue, WA, USA) which was interfaced with a computer for data storage. A
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cuff inflator air source (Hokanson, Model AG101) and a rapid cuff inflator
(Hokanson, Model E20) were used to inflate the upper arm cuff to 50 mmHg every
10 s for 5 s duration. Arterial wrist cuff was inflated to 180 mmHg for at least 1 min
before measurement to avoid disturbance of limb arterial inflow. The change in
circumference of the forearm, due to arterial inflow, was recorded as a change in
electrical resistance of the mercury-in-silastic strain gauge. Forearm vascular
resistance also was calculated by dividing mean arterial BP by forearm blood flow.
All above variables were assessed during baseline and Stroop, however, due to
movement artifact generated by the cycling task only HR, CO, and SV were

measured during exercise.

Aerobic Fitness

Peak oxygen consumption was measured using an electrically braked cycle
ergometer (Ergomedic 839E, Monark). Open-circuit spirometry (True Max 2400,
ParvoMedics) attached to a Hans Rudolph two way-rebreathing valve was used to
measure peak oxygen uptake (VOzpeak). Participants cycled at a cadence of 70 rpm
until volitional exhaustion. After a 3-min warm-up period at 30 W, the workload was
increased by 1 W every 2 s. HR was monitored by a Polar SC800 HR monitor (Polar
Electro Oy, Kempele, Finland). The end-point was achieved when one or more of the
following indices was attained: HR within + 10 b-min” of age-predicted maximal
HR, a plateau in oxygen consumption, an inability to maintain the required cadence
equal to at least 50 revolutions per min (rpm) and an RER of >1.15 (Cooke, 2009).

Because participants in the present study were untrained and unused to cycling
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exercise, some stopped cycling before achieving a true maximal oxygen uptake and

thus VOypeac Was accepted as an indicant of aerobic power.

Procedure

All participants were requested to come to the laboratory after an 8-hour overnight
fast between 7 am and 11 am and were instructed to abstain from caffeine and
alcohol for at least 8 hrs before testing. Two participants consumed more than 3
alcohol drinks per week and three participants consumed more than 3 cups of tea
and/or coffee per day. The Stroop color-word task, which was used to induce
cognitive challenge (Stroop, 1935), consisted of a series of slides that were presented
on a PowerPoint presentation on a laptop computer. Each slide contained a word
denoting a color, such as RED, but the ink color of each word was printed in a
different color, such as BLUE. Participants were instructed to state the ink color of
each word. Slides appeared at a rate of one per second. The Stroop and cycling tasks
were separated by 10 min rest. HR and BP were recorded during the 5-min Stroop
task and the last 5 min of exercise. The cycling task involved participants cycling in
a semi-recumbent position on a stationary cycle ergometer (Monark 828E) for 8 min
at 20% of maximal workload assessed from each participant‘s VOzpeak test.
Participants in the exercise intervention group received supervised HIIE training on a
cycle ergometer (Monark 828F) at a frequency of 3 times a week for 12 weeks.
Participants were instructed to cycle at a workload of 80-90% of their age-predicted
maximum HR with a pedal cadence between 120 and 130 rpm. Each exercise session
consisted of a 5-min warm-up, 20-min of 8 s sprint and 12 s recovery, and a 5-min

cool-down. During recovery, the cadence was reduced to 40 rpm with no change in
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resistance. Participants kept their exercise intensity at a level which ensured their
average HR was within 80-90% of their maximum HR. Intensity was increased
when exercise HR dropped below their HR peak range. HR was recorded
continuously during each training session using Polar Heart Rate monitor (Polar
Electro Oy, Kempele, Finland). Rating of perceived exertion (RPE) was obtained in
5 min interval during the 20 min HIIE cycling using the 6-20 point Borg‘s RPE scale

(Borg, 1962).

Data Analysis

All signals from ECG, BP, and plethysmography were connected to a computer via a
National Instruments PCI-MIO-16E-4 Interface and were converted to digital data
using Software (BP Monitor, UNSW) with a sampling rate of 1000 Hz to define the

R peaks of the QRS complexes, systolic, and diastolic pressures.

Statistical Analysis

Results are expressed as mean and standard error of the mean. Data were analyzed
with the Statistical Package for Social Science for Windows software (SPSS 20,
USA). To examine changes after the intervention an analysis of covariance
(ANCOVA) was used to evaluate differences between the two groups for variables
that did not violate ANCOVA assumptions. Pre-intervention values were used as
covariates. In the Stroop color-word task, all variables collected over time (baseline
and task) were assessed with repeated measures ANOVA. The Mauchly sphericity
test was performed to test for homogeneity of covariance for the within subjects
factor. Non-homogeneity was corrected by employing the Greenhouse-Geisser

adjustment. The statistical analysis was considered significant when the probability
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level was less than 0.05. Effect sizes were calculated using partial eta squared (%)
with values of 0.1, 0.3, and above 0.5 considered to be a small, medium, and large

effect.

Results

Participant Characteristics

There were no significant differences between the two groups on any measured
variable prior to the training program (Table 5.1). There was, however, a significant
decrease in body weight and waist circumference for the HIIE compared to the
control group (p < 0.01) after the exercise intervention and a significant 17%
increase (p < 0.001) in VOzpeak (Table 5.1). All participants completed all 36 sessions
of HIIE training. The average HR and rating of perceived exertion (RPE) during

HIIE training for the intervention group were 160 = 9 b-min™ and 13.6 + 0.5.

Cardiovascular Changes at Baseline

There were no significant differences between the two groups on the majority of
cardiovascular variables prior to the training program, however, HR was
significantly decreased in the exercise compared to the control group, whereas SV
was significantly increased (Table 5.2). CO and PEP, and forearm blood flow were
unchanged (Table 5.2). The HI was significantly increased, however, dZ/dtmax) did
not change (Table 5.2). Systolic and diastolic BP and RPP were also significantly
decreased in the exercise compared to the control group (Table 5.2). Alx was
significantly decreased and BRS was significantly increased in the exercise

compared to control group (Table 5.2).
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Absolute Cardiovascular Response to Mental and Physical Challenge

Absolute heart rate (HR), stroke volume (SV), and cardiac contractility

Absolute HR was significantly reduced and absolute SV was significantly increased
during Stroop and exercise for the exercise compared to control group (Tables 5.3
and 5.4). CO and PEP did not change during Stroop or exercise (Tables 5.3 and 5.4).
The absolute HI was unchanged during Stroop (Table 5.3) but was significantly
increased during exercise (Table 5.4). dZ/dt(max) did not change during Stroop or
exercise (Tables 5.3 and 5.4). Absolute RPP was also significantly decreased in the

exercise compared to the control group during the Stroop task (Table 5.3).
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Table 5.2. Changes in resting cardiovascular measures after the 12-week intervention for the exercise and control groups
(mean and standard error)

Variable
HR (b-min™")
SV (ml)

CO (L-min™)
PEP (ms)

HI (Q/sec?)

dZ/dt(max) (€/sec)
Systolic BP (mmHg)
Diastolic BP (mmHg)
RPP (bpm'mmHg)
FBF (ml-100ml tissue

min™)

Alx (%)

BRS (ms'mmHg™")

Pre Ex Post Ex Pre Cont  Post Cont AEx A Cont Statistic and effect size
67+2.5 61 +2.3% 69+1.9 70+ 1.6 -6.1+1.6 1.5+£2.0 F=13.91,p=0.001,n°=.32
72+42  86=51%*  76+49  70+54  132+23  -53+28  F=21.84,p=0.000,n’ = 45
49+0.2 5.1+0.2 52+0.2 49+03 0.3+£0.2 02+02 F=3.96,p=0.06,1"=.13
134+£3.2 129 +4.5 126 4.2 129+£24  -38+£2.6 4.1+238 F=245p=0.13,n"=.08
101£0.6 11.2+0.8* 97+0.6 9.4+0.7 0.9+0.5 0.3+04 F=499,p=0034,n"=.16
1.9+0.1 2.1+0.1 1.7+0.1 1.7+0.1 02+0.1 0.0+£0.1 F=3.11,p=0.09,1°=.10
120+2.4 115+£2.5% 117+£3.3 122 +£3.2 -4.8+4.7 1.6+25 F=9.78, p=0.004, n>= .24
64+ 1.8 58 +1.8% 62+1.7 66+1.6 -59+33 1.6+23 F=1149,p=0.002,n= 27
804+45 71.0+3.8* 814+38 865+39 -94+26 51+£32 F=1427,p=0.001,7n"= .35
2.1+0.2 2.5+0.2 2.1+0.1 22402 0.48+0.03 0.18+0.17 F=3.84,p=0.059,1°=.11
82+29 5.1+£2.7% 75+1.8 95+14 3.1+1.9 2.0+1.9 F=423 p=0.048,1n"=.12
183+2.9 23.8+3.8* 184+3.0 150+14 55+20 34+28 F=7.98,p=0.0081n =21

HR: Heart rate; SV: Stroke volume; CO: Cardiac output; PEP: pre-ejection period; HI: Heather index; dZ/dt .y Peak ejection velocity; BP:
Blood pressure; RPP: Rate pressure product divided by 100; FBF: Forearm blood flow; Alx: Augmentation index; BRS: Baroreflex

sensitivity. *P < 0.05, Post relative to pre values in exercise group are significantly different from control group.
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Table 5.3. Change in cardiovascular measures after the 12-week intervention for the exercise and control groups during the Stroop
task (mean and standard error)

Variable
HR (b-min™)
SV (ml)

CO (L'min™)

PEP (ms)
HI (/sec?)

dZ/dt may) (/sec)
Systolic BP (mmHg)
Diastolic BP (mmHg)
RPP (bpm'mmHg)
FBF (ml-100ml tissue®
"“min™") Stroop min 1
FBF (ml-100ml tissue®

"“min™") Stroop min 2

Alx (%)

BRS (ms'mmHg™")

Pre Ex Post Ex Pre Cont Post Cont A Ex A Cont Statistic and effect size
78 +2.7 71 +2.5% 81 +2.1 81+1.5 6.7+1.6 02+1.5 F=17.75,p=0.000,1"=.39
60 +3.9 77 + 4.9% 69+3.9 65+ 4.2 79+24 46+19 F=14.57,p=0.001,1>= 35
53+0.2 54+0.3 5.6+0.3 52+0.3 0.1+£0.2 -03=+0.2 F=249,p=0.13,1" = .08
129+ 3.6 128 £3.7 121 £4.2 128 £ 1.8 -14+1.7 7.2+3.1 F=2.19,p=0.151"= .08
10.2+0.5 10.7+£0.9 9.7+0.6 9.2+0.6 0.5+0.6 -05+04 F=1.79,p=0.19, 1= .06
1.8+ 0.1 1.9+0.2 1.6 + 0.1 1.6 + 0.1 0.1+0.1 0.0+0.1 F=0.62,p=0.44,1°= .02
129+2.1 118+2.5 128+2.2 120+2.7 -10.8 +1.8 74+£1.2 F=0.73,p=0.40,n> = .02
70+2.4 60+£2.1 71+£2.5 64£1.6 9.7+£1.2 -70+14 F=1.65,p=021,10"=.05
96.7+4.8 81.9+3.7* 101.9+4.5 969+3.7 -14.7+2.4 -5.0+23 F=16.58, p=0.000,n’ = .38
3.9+0.2 4.6 +0.4* 42403 3.9+0.3 0.7+0.3 04+0.2 F=581,p=0.022,n"=.16
24+0.2 3.1+£0.3% 3.1+0.3 29+03 0.6+£0.2 -02=+0.2 F=442,p=0.044,7°= .13
125+1.5 8.8+ 1.6% 114+14 13.0£1.3 -3.8+£0.9 1.6+ 1.6 F=849,p=0.007,n’= .22
12.6 £1.8 145+ 1.6* 11.8+1.9 9.1+£0.9 19+14 26+1.8 F=10.65,p=0.003,1>= .26

HR: Heart rate; SV: Stroke volume; CO: Cardiac output; PEP: pre-ejection period; HI: Heather index; dZ/dt..x): Peak ejection velocity; BP: Blood
pressure; RPP: Rate pressure product divided by 100; FBF: Forearm blood flow; Alx: Augmentation index; BRS: Baroreflex sensitivity.

*P < 0.05, Post relative to pre values in exercise group are significantly different from control group.
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Table 5.4. Change in cardiovascular measures after the 12-week intervention for the exercise and control groups
during the exercise task (mean and standard error)

Variable Pre Ex Post Ex Pre Cont  Post Cont A Ex A Cont Statistic and effect size
HR (b-min™") 100 £2.5 93 + 2.6%* 101+1.4 101 +£1.2 -6.6+t14 02+14 F=1437,p=0.001,n" = .34
SV (ml) 90+52 106 + 5.4* 91+£4.0 88 £53 16.1+£2.8 27427  F=23.13,p=0.000,n"= .46
CO (L'min™) 8.8+04 92+04 9.2+04 89+0.5 0.4+02 03+03 F=353,p=007,0"=.12
PEP (ms) 97+4.0 91 +4.7 83+4.1 87+4.0 -53+3.7 43=+3.7 F=0.60, p=0.45,n> = .02
HI (Q/sec’) 16.4+0.9 189+ 1.4* 14909 149+09 25+09 02+0.6 F=498p=0034n"=.16

dZ/dt i) (Qsec) 2301 2.6+0.2 20£01 21+01  03+01  00£01  F=3.05p=0091"=.10

HR: Heart rate; SV: Stroke volume; CO: Cardiac output; PEP: pre-ejection period; HI: Heather index; dZ/dt,.x): Peak ejection velocity.
*P < 0.05, Post relative to pre values in exercise group are significantly different from control group.
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Absolute Arterial Stiffness and Baroreceptor Sensitivity Response
(BRS)

During the Stroop task, absolute augmentation index (Alx) was significantly
decreased in the exercise compared to control group (Table 5.3). After 12 weeks of
HIIE, absolute BRS determined during the Stroop task, was significantly increased in
the exercise compared to control group (Table 5.3). No significant difference in BRS
existed between the exercise and control group during exercise (Table 5.4). The
average number of sequences during baseline was 40 + 2, during Stroop was 29 + 2,

and during exercise was 18 £ 2.

Forearm Blood Flow and Blood Pressure (BP)

Forearm blood flow, relative to baseline, was significantly increased for the exercise
compared to the control group during minutes one and two of Stroop (Table 5.3) but
was unchanged during minutes three, four, and five (p > 0.05). Absolute and relative
systolic, diastolic, and mean arterial BP did not change during Stroop (p > 0.05;

Table 5.3).

Correlations between Variables

Arterial stiffness and BRS were not significantly correlated at baseline for either
group (= 0.06, p > 0.05). Decrease in arterial stiffness and increase in BRS for the
exercising group was not significantly correlated (» = 0.03, p > 0.05). The reduction
in waist circumference and the increase in BRS of the exercising group also was not
significantly correlated at baseline (» = 0.20, p > 0.05) or during Stroop (» = 0.15, p >

0.05). Similarly, the reduction in waist circumference and the increase in forearm
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blood flow of the exercising group was not significantly correlated at baseline (r =
0.35, p > 0.05) or during minl (»=0.18, p > 0.05) and min2 (» = 0.22, p > 0.05) of

Stroop.

Discussion

Twelve weeks of HIIE significantly increased VOzpeak and significantly reduced body
weight and waist circumference. Significant differences in cardiovascular and
autonomic levels during mental and physical challenge were also found. Specifically,
exercisers compared to controls experienced a significant reduction in absolute HR
and RPP and a significant increase in absolute SV during both Stroop and a bout of
acute cycling exercise. Exercisers compared to controls also showed decreased
absolute arterial stiffness and increased BRS during Stroop. For exercisers, forearm
blood flow was significantly increased during the first two min of Stroop after
training. Thus, HIIE training significantly changed baseline levels of HR, RPP, SV,
arterial stiffness, and BRS which resulted in lower absolute levels of these variables
during mental challenge and lower levels of HR, SV, and the HI during physical
challenge.

The increase in aerobic fitness levels (17%) and decrease in body weight (1.6
kg) of the males in the exercise group are similar to results of a HIIE protocol
conducted over 15 weeks with women (Trapp et al., 2008) and 12 weeks with men
(Heydari et al., 2012). Collectively results indicate that HIIE protocols result in a
significant increase in aerobic power and a significant decrease in body weight in
both young males and females.

The above training effects were also accompanied by a significant decrease in

absolute HR at rest and during Stroop and mild cycle exercise challenge. These
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results support findings from previous longitudinal studies that have indicated that
autonomic modulation on the cardiovascular system is altered after aerobic exercise
training at rest (Carter et al., 2003). The decrease in absolute HR during mental
challenge has been found consistently in cross sectional studies that have compared
the absolute HR response to mental challenge of aerobically trained and untrained
individuals (Boutcher, Nugent, McLaren, & Weltman, 1998). Thus, although HR
reactivity (baseline HR minus task HR) was not changed absolute value decreases in
HR after training were found at rest and during both mental and physical challenge.
The decrease in HR brought about by HIIE was also accompanied by an increase in
SV at rest and during both mental and physical challenge. The mechanism
underlying the HIIE-induced increase in SV is unclear but may include plasma
volume expansion and/or enhanced myocardial contractility. Plasma volume
expansion contributes to increased cardiac filling pressure (central venous pressure)
at rest and typically results in an elevation of resting and exercise SV (Convertino,
1991). Plasma volume expansion typically occurs after moderately hard aerobic
exercise (Convertino, 1991) but the plasma volume response to HIIE is
undetermined. Thus, a limitation of the present study is that the plasma volume
response to HIIE was not assessed. HIIE-induced increase in SV may also have
occurred as a result of enhanced cardiac contractility (Helgerud et al., 2007). The
change in HI (Tables 5.3 and 5.4), indicating increased myocardial contractility,
supports this notion. The lowered HR and increased SV may have health benefits as
it has been shown that lowering HR during submaximal exercise resulted in reduced

vascular resistance and increased ventricular filling (Georgiades et al., 2000).
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That RPP was significantly reduced during rest and mental challenge mirrors
the HR and SV response described above. RPP reflects the stress experienced by the
heart caused by an increase in HR an elevated systolic BP. RPP directly indicates the
energy demand of the heart and is strongly related to myocardial blood flow (Ansari
et al., 2012). Mental stress causes an increase in myocardial blood flow and RPP of
about 30% (Strike & Steptoe, 2003). Increases in RPP have been shown to trigger
myocardial ischemia (Deanfield et al., 1984), consequently, the 15% reduction in
RPP found during mental challenge in the current study appears to be beneficial from
a myocardial ischemia perspective. That RPP was reduced at rest after HIIE training
by about 12% underlines the effect of HIIE which appears to lower absolute
cardiovascular response during mental and physical challenge by changing resting
values.

Absolute arterial stiffness was significantly increased for both groups during
Stroop which confirms previous research that has shown that mental challenge
elevates stiffness in the large conduit arteries (Vlachopoulos et al., 2006). Although
arterial stiffness response to Stroop was significantly increased in both groups the
exercisers displayed reduced absolute stiffness after 12 weeks of HIIE. The
exerciser‘s 38% arterial stiffness reduction during Stroop was accompanied by a 30%
reduction at rest, reinforcing the pattern described above, whereby changes in resting
cardiovascular levels appear to influence absolute levels during mental challenge.
The reduction in absolute arterial stiffness levels during Stroop suggests that in
response to mental challenge the large arteries of exercisers experienced less
vasoconstriction after the exercise intervention. Long term reduction in arterial

stiffness response to mental challenge may have health implications as elevated
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arterial stiffness has been shown to be a risk factor for cardiovascular morbidity and
mortality (Laurent et al., 2001) and independently correlates with left ventricular
hypertrophy (Marchais et al., 1993), coronary artery disease and cardiovascular
events (Weber et al., 2004), and all cause mortality (London et al., 2001).

Absolute BRS response to Stroop was significantly increased in the exercise
compared to the control group. BRS is an important physiological mechanism which
controls the homeostasis of both short and long term BP (Persson, 2005). The
homeostatic influence of BRS is of crucial importance to cardiovascular flexibility
and its inhibition during challenging situations has been shown to be an integral part
of the autonomic response to stressful conditions (Reyes Del Paso et al., 2004). The
exerciser‘s 13% increase in BRS during Stroop was accompanied by a 38% increase
at rest, reinforcing the pattern described above, whereby changes in resting
cardiovascular levels resulted in a concomitant decrease in absolute levels during
mental challenge. These results suggest that during mental challenge, after HIIE
training, the baroreflex improves its effectiveness when regulating cardiac activity in
response to BP increase.

Lipman et al. (2002) found an inverse relationship between BRS and arterial
stiffness and has suggested that BRS is influenced by vascular stiffness. Thus, the
increased stiffness of arteries, in which the arterial baroreceptors are located,
decreases the engagement of the stretch-sensitive baroreceptors during Stroop.
However, in the current study no significant correlation between BRS and arterial
stiffness was found suggesting that the decrease in arterial stiffness was not

influenced by the increase in BRS after 12 weeks of HIIE.
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Systolic BP reactivity during Stroop was also reduced by 10% in the exercise
group although this effect was not significant. Encouragingly, Ribeiro et al. (2005)
demonstrated that a 4-month exercise/diet intervention conducted on obese children
improved limb blood flow response to the Stroop task and decreased BP reactivity.

Overweight and obese individuals possessing elevated waist circumference
have reduced BRS response to mental challenge (Honzikova et al., 2006; Lazarova et
al., 2009). Thus, the reduction in waist circumference brought about by HIIE in the
current study could have contributed to the increase in BRS response to mental
challenge experienced by the exercising group. However, the lack of relationship
between decrease in waist circumference and increase in BRS probably suggests that
the amount of abdominal fat lost by exercising participants was not enough to
influence BRS sensitivity. Similar to BRS the enhanced forearm blood flow response
of lean subjects to mental challenge is typically reduced in the overweight and obese
(Agapitov et al., 2002). The inability to vasodilate skeletal muscle during mental
challenge results in increased systemic vascular resistance which is typically
accompanied by an increase in BP (Seematter et al., 2000). Also a number of studies
have shown that central adiposity, independent of total adiposity, is more strongly
associated with increased systemic vascular resistance and BP reactivity to mental
challenge. Similar to the BRS results, however, the increase in forearm blood flow
during Stroop was not significantly related to the reduction in waist circumference
brought about by HIIE training. Although waist circumference is strongly correlated
with abdominal and visceral fat a limitation of this study is that these measures were

not directly assessed.
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The cardiac, vascular, and autonomic changes to mental challenge found after
participation in HIIE appear to be notable and are likely to have health implications
as cardiac disease is predicted by low VO,may (Keteyian et al., 2008), whereas
enhanced arterial stiffness is associated with increased cardiovascular mortality
(Laurent et al., 2001). Blunted limb blood flow (Takeshita et al., 1982) and reduced
baroreceptor sensitivity during mental challenge (Ookuwa et al., 1987) also predict
hypertension development. Given that the major reason given for not exercising is
time (Inelmen et al., 2004) it is likely that the brevity of HIIE protocols (one hour of
exercise per week) should be appealing to most individuals interested in improving
cardiovascular health. In summary, a HIIE program conducted for 12 weeks resulted
in significant changes in aerobic fitness and body weight and also enhanced

cardiovascular efficiency during mental and physical challenge.
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Conclusion

Study 1 reported in Chapter 2 investigated and compared the metabolic response of
acute HIIE in both trained and untrained males. Participants in the trained group had
significantly higher VOmax than those in the untrained group. The trained group also
showed higher VO, and VCO, during exercise and lower lactate and heart rate during
exercise. For both groups glycerol levels were significantly elevated during exercise.
Both groups had a similar and significant increase in epinephrine during HIIE, in
contrast, untrained compared to trained males recorded significantly greater levels of
norepinephrine. During the post-exercise recovery period from minutes 45 to 75 fat
oxidation was significantly increased. Plasma glycerol levels at rest and 15 min after
HIIE were significantly higher for both groups. Plasma norepinephrine
concentrations were significantly higher 15 min post exercise for both groups,
whereas plasma epinephrine levels showed a significant increase after 20 min of
HIIE for both groups. In conclusion, one bout of HIIE resulted in enhanced
catecholamine levels during and after exercise in trained and untrained males. This
increase was accompanied by an elevation in lipolysis indicated by the increase in
blood glycerol levels during HIIE. The enhanced fat oxidation occurred for both
trained and untrained males following HIIE. These findings may have clinical
implications for the management of overweight and obesity. Furthermore, the
increased catecholamine concentrations during HIIE have the potential for
improvement in cognitive performance. More research is necessary to elucidate the
physiological mechanisms underlying mental improvement induced by an acute
exercise bout. This study, however, has a number of limitations. The measurement of

fat oxidation during post exercise recovery period was limited to only one hour. An
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extended monitoring of fat oxidation following this type of exercise might provide
additional information to help understand possible fat burning benefits. Furthermore,
this study investigated the effects of HIIE on metabolic and hormonal changes but
did not attempt to identify possible underlying mechanisms. More invasive methods
such as muscle biopsies could be utilized to identify these mechanisms.

Study 2 reported in Chapter 3 presented an investigation into the effect of HIIE
on body composition of overweight young males. Aerobic power improved
significantly by 15% for the exercising group. Exercisers compared to controls
experienced significant weight loss of 1.5 kg and a significant reduction in total fat
mass of 2 kg. Abdominal and trunk adiposity was also significantly reduced in the
exercising group by 0.1 kg and 1.5 kg. Also the exercise group had a significant 17%
reduction in visceral fat after 12 weeks of HIIE, whereas waist circumference was
significantly decreased by week six. Fat free mass was significantly increased in the
exercising group by 0.4 kg for the leg and 0.7 kg for the trunk. No significant change
occurred in levels of insulin, HOMA-IR, and blood lipids. A limitation of this study
is that we did not include a continuous exercise group or an HIIE group that differed
in exercise/recovery duration. As this HIIE program required minimal time
commitment it has implications regarding subject compliance to exercise
interventions. Thus, physical activity prescriptions, which require the least effort,
while still producing adequate reductions in subcutaneous and visceral fat need to be
considered and HIIE would seem to fall under this category as subject‘s total
exercise commitment was 60 min per week. More research is needed to evaluate and
confirm the outcomes from our results by conducting long term studies. In
conclusion, 20 min of HIIE, performed three times per week for 12 weeks, resulted

in significant reductions in total body, abdominal, trunk, and visceral fat and a
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significant increase in fat free mass of overweight young males. These findings have
important implications for public health and may have potential to be used as part of
a weight management program to reduce visceral obesity which contributes to
diseases such as cardiovascular, hypertension, diabetes, and metabolic syndrome.
The effectiveness of HIIE on fat loss in other parts of the body such as the heart and
pericardium needs further research. Also, it might be of an interest for future research
to investigate the body composition change following this type of exercise training
modality in other population groups such as patients with cardiovascular disease,
hypertension, or diabetes. It is also recommended that the response of individuals
from different ethnic groups to HIIE be studied.

Study 3 reported in Chapter 4 investigated the effects of HIIE on
cardiovascular and autonomic function. This study concluded that the exercise,
compared to the control group, recorded a significant reduction in heart rate
accompanied by an increase in stroke volume. Forearm vasodilatory capacity was
also significantly enhanced for the exercise group. Arterial stiffness, determined by
pulse wave velocity and augmentation index, was significantly improved, after the
12-week intervention. Besides, heart period variability (low and high frequency
power) and baroreceptor sensitivity were significantly increased for the exercise
group. The improvements in cardiovascular and autonomic indicators following HIIE
training are likely to have health implications for preventive cardiovascular
programs. Low VO,,nax has been shown to predict cardiac disease and high levels of
arterial stiffness are associated with increased risk of morbidity and mortality related
to cardiovascular diseases. In addition, low vasodilatory capacity and baroreceptor
sensitivity have been linked to hypertension development and reduced HPV is a

predictor of a number of cardiac complications. These findings are particularly
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important and may have implications for people under constant daily stress who by
exercising may get benefit from a range of improved cardiovascular and autonomic
functions with a minimal time commitment. HIIE training program might also show
beneficiary results in patients with cardiac disease, hypertension, and diabetes and
benefits of this type of exercise to other population groups needs further
investigation. Also it is recommended that the cardiovascular and autonomic
responses of female participants or males from different age groups to HIIE be
studied by future research.

In Study 4 reported in Chapter 5 the effects of HIIE training on cardiovascular
response to mental and physical challenge was investigated. Exercisers compared to
controls experienced a significant reduction in HR and a significant increase in SV at
rest and during Stroop and exercise. For exercisers, arterial stiffness significantly
decreased at rest and during Stroop whereas BRS was increased at rest and during
Stroop. Forearm blood flow was significantly increased during the first two minutes
of Stroop. In summary, a HIIE program conducted for 12 weeks resulted in
significant enhanced cardiovascular efficiency during mental and physical challenge.

The implications of these results are that HIIE may be used as an efficient
method to reduce psychological stress experienced by many people in daily life. The
improved cardiovascular and autonomic response of the body to mental challenge,
found after participation in HIIE training, are likely to have implications for
cardiovascular health. As exaggerated cardiovascular responses to psychological
stressors contribute to cardiovascular diseases, possible clinical benefits of this study
might be the protective effects of HIIE against the development of stress-related

disorders such as cardiovascular disease.
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An improved level of physical fitness plays an important role in an attenuated
response of physiological and cardiovascular reactivity to acute psychological
stressors. Therefore, the increased level of aerobic fitness in this study has
implications to promote cardiovascular health and results indicate that fitness might
be an important confound in the stress reactivity response. Furthermore, it may offer
extra ammunition for health care providers to encourage sedentary individuals to
start exercising.

Although in this study the Stroop task was used as a mental laboratory stressor,
other types of mental stressors such as mental arithmetic, public speaking, light
tracking, cold pressor, reaction time, video games, and intelligence tests should be
examined. Also, more powerful stressors experienced in real life may cause greater
impairments to cardiovascular and autonomic measures and may provoke different
responses to HIIE. Further work is also necessary to investigate stress reactivity and
the underlying mechanisms during recovery from mental and physical challenge. In
this study, stress hormones such as cortisol were not measured during the Stroop
task, which is another limitation of this study. Finally, the findings of this study are
limited to young overweight males and, therefore, cannot be generalised to female
populations or males from different age groups. The possible beneficiary effects of
HIIE in mediating the cardiovascular response of the body to mental and physical

stress in diverse population groups also needs further research attention.
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Appendix A: Participant Information Statement and Consent Form

Effect of High Intensity Intermittent Exercise on Fat Oxidation in Overweight
Males

You, are invited to participate in a
study examining the effects of high intensity intermittent exercise on fat
oxidation. We, Associate Professor Stephen Boutcher and Yati Boutcher hope
to show that high intensity cycle exercise significantly induce fat oxidation. Fat
oxidation involves the body burning up its fat stores. You were selected as a
possible participant in this study because you are a male under the age of 35
years.

If you decide to participate, you will be involved in three testing sessions at
UNSW. During Session 1 you will undergo a 30-minute resting metabolic rate
evaluation. This will involve lying on a bed while your breathing is monitored
through a metabolic cart. The cart will assess how much oxygen you are
consuming and how much carbon dioxide you are producing. Then you will
get on to a stationary bicycle and cycle at ever increasing workloads until you
reach your maximum exercise capacity. A heart rate monitor will be strapped
around your chest to measure heart rate and your blood pressure will be taken
regularly. Body composition measures will also be assessed (bioimpedance,
mass, and height).

There may be some discomfort associated with the exercise if you are
unaccustomed to regular exercise but this is likely to be minimal and you will
recover rapidly. If you are not used to bicycling you may find you have
delayed onset muscle soreness for a day or two after the exercise bout, but this
resolves quickly. Most individuals rapidly adjust to breathing through a
mouthpiece.
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During Session 2 you will again have your resting metabolic rate assessed after
which you will perform 20 minutes of high intensity intermittent exercise. This
exercise will consist of sprinting on a stationary bike for 8 seconds and then
cycling for 12 seconds at a slow pedal rate. This will be performed
continuously for 20 minutes. A small needle (venous catheter) will be placed
in a vein in the back of your hand or forearm so that we can take a small
amount of blood for testing at regular intervals. After the exercise session you
will lie on a comfortable bed for an hour while your body‘s response to the
exercise is monitored. The two exercise sessions will occur at least a week
apart.

The total time involvement for you for the three testing sessions will be about
one hour for the first session and two hours for the second session. In total this
will involve two separate sessions at the University over a two week period.
You will also be asked to complete a food intake diary in which you record the
quantity and type of food you eat each day. Random days will be selected for
this purpose. We ask that you do not change your normal food intake over the
period of this study.

Any information that is obtained in connection with this study and that can be
identified with you will remain confidential and will be disclosed only with
your permission or except as required by law. If you give us your permission
by signing this document, we plan to publish the results in scientific journals.
In any publication, information will be provided in such a way that you cannot
be identified.

Complaints may be directed to the Ethics Secretariat, The University of New
South Wales, SYDNEY 2052 AUSTRALIA (phone 9385 4234, fax 9385
6648, email ethics.sec@unsw.edu.au).

Your decision whether or not to participate will not prejudice your future
relations with The University of New South Wales. If you decide to
participate, you are free to withdraw your consent and to discontinue
participation at any time without prejudice.

If you have any questions, please feel free to ask us. If you have any additional
questions  later, Steve  Boutcher on 9385 2877 or email
(s.boutcher@unsw.edu.au), will be happy to answer them.

You will be given a copy of this form to keep.

There should be little discomfort associated with the insertion and/or

withdrawal of the needle and we have found little discomfort to be associated
with exercising with a needle inserted in the hand or forearm.
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THE UNIVERSITY OF NEW SOUTH WALES

Participant Information Statement and Consent Form (continued)

Effect of High Intensity Intermittent Exercise on Fat Oxidation in Overweight
Males

You are making a decision whether or not to participate. Your signature

indicates that, having read the information provided above, you have decided

to participate.

g e
R T
e G

Please PRINT Name
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Revocation of Consent

Effect of High Intensity Intermittent Exercise on Fat Oxidation in Overweight
Males

I hereby wish to WITHDRAW my consent to participate in the research
proposal described above and understand that such withdrawal WILL NOT
jeopardise any treatment or my relationship with The University of New South

Wales.

Please PRINT Name

The section for Revocation of Consent should be forwarded to:
Associate Professor Steve Boutcher

School of Medical Sciences

Faculty of Medicine

UNSW

Kensington NSW 2052
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High Intensity Exercise Training Study

You, are invited to participate in a
training study examining the effects of high intensity intermittent exercise on
fat loss. We, Associate Professor Steve Boutcher and Yati Boutcher hope to
show that high intensity cycle exercise significantly reduces fat loss in men.
You were selected as a possible participant in this study because you are a
male under the age of 36 years and not currently exercising.

If you decide to participate, we will get you to do an exercise fitness test on a
stationary bicycle before you commence and after 12 weeks of cycle training.
On each of these occasions, you will be breathing through a mouthpiece so that
we can measure the amount of oxygen you breathe in and the amount of carbon
dioxide you breathe out. A small needle (venous catheter) will be placed in a
vein in the back of your hand or forearm so that we can take a small amount of
blood for testing at regular intervals. A heart rate monitor will be strapped
around your chest to measure heart rate and your blood pressure will be taken
regularly.

During the initial and final tests you will be asked to cycle at ever increasing
workloads until you reach your maximum exercise capacity. The total time
involvement for you for the testing procedures before and after the training
program is about three to four hours. This will involve two separate sessions of
approximately one to two hours at the University. During these sessions you
will perform three tasks designed to assess the status of your vasculature.
These tasks will include 8 minutes of light cycle exercise, 5 minutes
responding to slides on a computer (the Stroop task).

The training will involve three sessions per week of high intensity intermittent
cycle training. There will be one training group and one control group, one of
which you will be assigned to on the toss of a coin (random selection). The
training regime will involve high intensity, intermittent work periods separated
by low intensity rest periods with a work to rest ratio of 8s:12s. The total
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exercise time per session will start at 10 min. and progress over the training
period to a total of 20 min. These time allocations include a 5 minute warm-up.
It is suggested that after you have completed the session you do five minutes of
cool down followed by stretching to reduce the likelihood of post exercise
soreness. Please do not do any additional physical activity (other than your
normal daily activities) for the period of the study. Subjects allocated to the
control group will be asked to maintain their normal daily activity patterns
until after the study is complete, at which time they will be given an exercise
program if they so desire.

You will also be asked to complete a food intake diary in which you record the
quantity and type of food you eat each day. Random days will be selected for
this purpose. We ask that you do not change your normal food intake over the
period of this study to ensure that any changes are a result of the exercise
program and not because you have changed your eating habits.

Before the first test and at the end of the training period, body composition
measures will be taken. Body composition measures include DEXA (see
below), CT (see below), bioimpedance, skinfold, girth, mass and height
measures.

Dual Energy X-ray Absorptiometry Scan (DEXA scan). This procedure is
routinely undertaken in many people for the diagnosis of osteoporosis, but it
gives a very accurate estimation of fat tissue as well as bone. The study will be
performed in the Department of Nuclear Medicine, St Vincent‘s Clinic, and
involves lying flat on a table for about 10 minutes while an X-ray beam
measures body composition (particularly fat and bone). The radiation dose
(0.0005 mSv) involved is very small and is the equivalent of 1/10™ the
radiation dose involved in a single chest x-ray.

Abdominal CT scan: This will be performed in the Medical Imaging (X-ray)
Department of St Vincent‘s Hospital and involves lying on a table in a <tannel”
in the CT machine for about 5 minutes, while an X-ray beam measures the
tissue composition at four levels in the abdomen. The radiation dose involved
is small and is equivalent to about five times that of a plain x-ray of the
abdomen but the radiation dose is less than a standard CT of the abdomen done
for diagnostic purposes.

This research study involves exposure to a very small amount of radiation. As
part of everyday living, everyone is exposed to naturally occurring background
radiation and receives a dose of about 2 millisieverts (mSv) each year. The
effective dose from this study is about 2 mSv. At this dose level, no harmful
effects of radiation have been demonstrated, and the risk is very low.

Have you participated in other research studies involving extra x-rays or
nuclear medicine tests that were not part of your normal treatment in the last
five years? If YES please inform the study coordinator of the

details of these involvements as there is a radiation dose limit for volunteers of
10 mSv per five year period.

There may be some discomfort associated with the exercise if you are
unaccustomed to regular exercise but this is likely to be minimal and you will
recover rapidly. If you are not used to bicycling you may find you have
delayed onset muscle soreness for a day or two after the exercise bout, but this
resolves quickly. There should be little discomfort associated with the insertion
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and/or withdrawal of the needle and we have found little discomfort to be
associated with exercising with a needle inserted in the hand or forearm. Most
individuals rapidly adjust to breathing through a mouthpiece. DEXA and CT
measures involve lying on a bed while the machine scans your body. There is
no discomfort associated with these procedures.

There are few risks associated with exercise for adult males below the age of
36 years. The most likely outcome is post exercise soreness but this may not
occur. There is a small risk of bruising associated with the withdrawal of blood
but all care will be taken to ensure this does not happen. Radiation exposure
associated with DEXA and CT is limited.

Participants who reveal serious medical condition during the testing will be
excluded from the study and referred to a General Practitioner. Participants
having a family history of youthful cardiac events will also be excluded from
the study. In the case of an adverse event, testing will be immediately ceased.
If necessary emergency resuscitation will be applied and emergency services
contacted.

Any information that is obtained in connection with this study and that can be
identified with you will remain confidential and will be disclosed only with
your permission or except as required by law. If you give us your permission
by signing this document, we plan to publish the results in scientific journals.
In any publication, information will be provided in such a way that you cannot
be identified.

Complaints may be directed to the Ethics Secretariat, The University of New
South Wales, SYDNEY 2052 AUSTRALIA (phone 9385 4234, fax 9385
6648, email ethics.sec@unsw.edu.au).

Your decision whether or not to participate will not prejudice your future
relations with The University of New South Wales.  If you decide to
participate, you are free to withdraw your consent and to discontinue
participation at any time without prejudice.

If you have any questions, please feel free to ask us. If you have any additional
questions  later, Steve  Boutcher on 9385 2877 or email
(s.boutcher@unsw.edu.au), will be happy to answer them.

You will be given a copy of this form to keep.
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THE UNIVERSITY OF NEW SOUTH WALES
Participant Information Statement and Consent Form (continued)

High Intensity Exercise Training Study

You are making a decision whether or not to participate. Your signature

indicates that, having read the information provided above, you have decided

to participate.

g e
T e
e e

Please PRINT Name
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Revocation of Consent

High Intensity Exercise Training Study

I hereby wish to WITHDRAW my consent to participate in the research
proposal described above and understand that such withdrawal WILL NOT
jeopardise any treatment or my relationship with The University of New South

Wales.

Signature Date

Please PRINT Name

The section for Revocation of Consent should be forwarded to:
Associate Professor Steve Boutcher

School of Medical Sciences

Faculty of Medicine

UNSW

Kensington NSW 2052
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Appendix C: Personal and Familial Medical History Questionnaire

Research Questionnaire -- Subject ID

1. How often do you exercise?

2. What do you do for exercise?

3. What time of day do you exercise?

4. Have you ever exercised on a stationary bike or tried a spinning class before?

5. Have you tried to lose weight or been on a diet in the last year?

6. Has your weight fluctuated by more than 2kg throughout your life?

7. What was your birth weight?

8. Does anyone in your family have diabetes, if so who?

9. Have you ever checked your insulin/blood sugar levels?

10.

11.

12.

13.

14.

15.

16.

17.

18.

Would you be willing to be contacted about the results from this study?

Would you be interested in Sarah contacting you if you are eligible for other
research studies in our department in the next year?

Can we take photos of you while we are performing the research, to be used
for presentations?

Is it ok for students to help out with the research while we are testing you?
Are you currently on any medication, if so what and how much?
Are you currently taking any supplements or vitamins?

Have you ever smoked cigarettes? If so, for how long and are you a current
smoker?

What is your ethnicity?

Contact info & Date of birth

a. Phone
b. Email
c. DOB
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Appendix D: Physical Activity Readiness Questionnaire

Name:
Par-Q
Pre Exercise Screening Test

1. Has your doctor ever said you have heart trouble? Yes No
2. Do you frequently have pains in your heart and chest? Yes No
3. Do you often feel faint or have spells of severe dizziness? Yes No
4. Has a doctor ever said your blood pressure was high? Yes No
5. Has your doctor ever told you that you have a bone or joint

problem such as arthritis that has been aggravated by exercise
or might be made worse with exercise? Yes No
6. Is there a good physical reason not mentioned here why
you should not follow an activity program even if you
wanted to? Yes No
7. Are you over the age of 65 and not accustomed to vigorous
exercise? Yes No
If you answered Yes to one or more questions:
If you have not recently done so consult with your personal physician by
telephone or in person BEFORE increasing your physical activity and/or
taking a fitness appraisal. Tell your physician what questions you answered
YES to PAR-Q or present your PAR-Q copy.
After medical evaluation seek advice from your physician as to your suitability
for:
\  Unrestricted physical activity starting off easily and progressing gradually.
\  Restricted or supervised activity to meet your specific needs at least on an
initial basis. Check in your community for special programs or services.
If you answered no to all questions:
\ If you answered the PAR-Q accurately, you have reasonable assurance of
your present suitability for exercise testing.
\ Postpone the testing if you have a temporary minor illness such as a
common cold.
Signed Name
Date
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Appendix E: Pre- Participant Questionnaire

DATE:

Subject Code (Office use): VEIN:

First Name: Surname:

DOB: Age:

Address:

Tel (H): Mobile number:
Email:

Subject Information

Your country of birth:

Mother‘s country of birth: Father‘s country of birth:

If you were born overseas, Date of Arrival:

Your Ethnicity:

Birth weight: kg (please find out beforehand)

Were you breast or formula fed as a baby?

Are you a student or in the working world?

Do you live on campus (UNSW) or off?

What is your dominant arm? right left

Do you have any existing and past medical conditions? Y N

Please specify:

Have you had any sort of infection recently? Y N

Please specify:

Are you currently taking any medication? Y N

Please specify:
e.g. oral contraceptives, beta-blockers

Are you currently taking any supplements or vitamins? Y N

Please specify:
e.g. multi-vitamin, phytonutrients

Have you ever smoked before? Y N

If yes, currently or in the past and when in the past?

How many years and/or months were you smoking?
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How many cups of tea and/or coffee do you consume per day?
Unoneatall Wlcup W2-3 a4-5 a>5

Do you have any allergies?

Do you exercise regularly? Y N

What type of exercise do you do?

What time of day do you exercise? morning noon evening/night

How many times a week do you exercise?

How many hours do you typically sleep at night?

When you wake up are your refreshed or tired? refreshed tired

What time do you go to sleep?

What is the quality of your sleep? good Ok  bad

Have you ever suffered from sleep deprivation or lack of sleep?

Have you recently been on a diet or tried to lose weight?

Has your weight fluctuated more than 2 (kg) in the last 6 months?

Have you ever checked the following before and if so what was your reading?

Insulin 'Y N Last Reading:
Blood Pressure Y N Last Reading:
Glucose Y N Last Reading:

Do/did any members of your family suffer from a medical condition?
(especially Type II diabetes, hypertension, high cholesterol)

Condition(s): Relation to you:

This Study

How did you hear about this study?
UBIitz Qfriends Uemail Qlecture Umedia/TV/newspaper Uposted sign

Can we take photos of you during testing? The photos may be used in a poster
presentation of this study. Y N

Is it ok with you that students help out during your testing session?
Y N

Would you like to participate in other studies in the future for our department?
Y N
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Appendix F: POST Participant Questionnaire (Exercise Group)

DATE: Subject Code (Office use):

Have you had any sort of infection while in the study? Y N

Please specify (what & when):

Did you smoke during the study? Y N If yes, how much?

How many cups of tea and/or coffee did you consume per day?
Unoneatall Q1lcup UW2-3 a4-5 a>s

How many hours did you typically sleep at night during the study?

When you woke up were you refreshed or tired? refreshed  tired

What time did you typically go to sleep?

What was the quality of your sleep? good ok  bad

Did you suffer from sleep deprivation or lack of sleep?

Will you continue to exercise after the study?

Did you enjoy the exercise component of the study? Y N

Rate the intensity of all the exercise sessions?

Q Very Hard U Hard O Somewhat Hard U Fairly Light 1 Very
Light

What foods will you go back to or start eating now that the study is over?

Please specify:

Is there anything we can change to make the study better or more enjoyable?

Please specify:

Would you like to participate in other studies for our department? Y N

Has any of your contact details changed since the start of the study? Y N
If yes, please write the new details on the back of this form.
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Appendix G: POST Participant Questionnaire (Control Group)

DATE: Subject Code (Office use):

Have you had any sort of infection while in the study? Y N

Please specify (what & when):

Did you smoke during the study? Y N If yes, how much?

How many cups of tea and/or coffee did you consume per day?
Unoneatall Q1lcup UW2-3 a4-5 a>s

How many hours did you typically sleep at night during the study?

When you woke up were you refreshed or tired? refreshed tired

What time did you typically go to sleep?

What was the quality of your sleep? good ok  bad

Did you suffer from sleep deprivation or lack of sleep?

Will you continue to exercise after the study?

Did you enjoy the exercise component of the study? Y N

Rate the intensity of all the exercise sessions?

Q Very Hard U Hard O Somewhat Hard U Fairly Light 1 Very
Light

What foods will you go back to or start eating now that the study is over?

Please specify:

Is there anything we can change to make the study better or more enjoyable?

Please specify:

Would you like to participate in other studies for our department? Y N

Has any of your contact details changed since the start of the study? Y N
If yes, please write the new details on the back of this form.
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Appendix H: Diet Diary and Food Information

Instructions for Food Diary

Please read through the EXAMPLE entry

If you have dishes that you don‘t know the name of, try to describe the
contents, take note of the quantity and the way it is cooked. For example, a
stir-fry with hokkien noodles (approximately 2 cups), beef (less than 2 cup),
capsicum, onion, cabbage and shallots, cooked in vegetable oil and seasoned
with hoi-sin sauce.

Try to record your food intake on days that are closest to what your normal diet
is like.

Try to estimate the size of the servings as best as you can. Think: teaspoons,
tablespoons, cups, grams, mL etc.

When eating fruit or veggies, try to figure out if it is small, medium or large
and what type

If you are eating a muesli bar or something coated in chocolate or yogurt make
sure to put that down, briefly describe contents

Do you know if the food you are eating was cooked in oil or fat?

If you are eating cheese, what type and how much?

For meats try to say white meat, dark meat, thigh, breast, cutlet, etc...
o also think about how it was cooked, fried, grilled, baked
o with or without skin

Write down flavours of yogurt, ice cream, etc. . .

Think of things in amounts, grams, teaspoons, cups, etc. . .

Don‘t forget liquids, alcohol, soda, water, etc. . .

Don‘t forget lollies, chocolates, cookies, traditional sweets, etc...

Did you put sugar or sweet-n-low in your coffee or tea
o What size is your coffee or tea?

The main message is
be specific
and
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Example

NAME Faith
DATE  21/05/06
DAY OF THE
WEEK Saturday
Time Meal Food Item Serving
8:30 Wonton, filled with pork (10g each) x
am/ps | Breakfast | 12 120g
am/pm Water 300 mL
am/pm Vitamin C 1 tablet
11:30 | Morning
am/pm | Tea Bagel (wheat) small, toasted 1
am/pm Strawberry jam 2 teaspoons
1:00
am/pm | Lunch Chicken skewers (breast and thigh) 10 pieces
am/pm Satay sauce 1/3 cup
am/pm Rice, white (cooked) Y5 cup
am/pm Water 300 mL
am/pm Violet crumble bar 50g 1
3:45
am/pm | Snack Pretzels (small bag) 20 g
7:30
am/pm | Dinner Beef stir fry with black bean sauce 200 g
Chinese broccoli (gai lum) cooked 1 cup
am/pm with olive oil (160mL)
2
am/pm Oyster sauce tablespoons
am/pm Green salad 1 cup
2
am/pm Salad dressing (French low fat) tablespoons
am/pm Rice, white (cooked) 1 cup
am/pm Strongbow cider x 2 375 mL x2
am/pm Chocolate ice cream "5 cup
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Day 1

NAME

Food Diary

DATE

DAY OF THE

WEEK

Time

Meal

Food Item

Serving

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

237




Day 2

NAME

Food Diary

DATE

DAY OF THE

WEEK

Time

Meal

Food Item

Serving

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm
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Day 3

NAME

Food Diary

DATE

DAY OF THE

WEEK

Time

Meal

Food Item

Serving

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm

am/pm
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Appendix I: Cardiovascular and Autonomic Testing Protocol

Stroop first (evens) Date Study ID
Mins Event COP | Comments
1 Prep Impedance (Heart sound) Front: Back:
) Prep Hokangon & Jentow & ECG apparatus Forearm size:
on subject
Get BP Monitor (settings 5/15/5) & . )
3 Prep COP ready time of day:
Jentow BP: /
Calib HR:
413 | PWV Distal:
Proximal:
14 Base « )
15 Base
16 Base
17 Base
18 Base (G
Jentow BP: /
Calib HR:
19 FBF-base | Sensor on & inflate wrist cuff for
ready Hokhanson to 60 mmHg above SBP
20 Press Continue on computer 55s after
inflation of wrist cuff
FBF-base )
21 FBF-base ()
2 Rest Rc?lease wrist cuff & press PAUSE (2
min Rest)
23 Rest Psych questions SAI( )
Jentow BP: /
Calib HR:
24 Stroop- | Inflate wrist cuff for Hokhanson to 60
ready mmHg above SBP
25 Press Continue on computer 55s after
inflation of wrist cuff
Have subject say
. Stroop ) color NOT text
27 Stroop
28 Stroop
29 Stroop
30 Stroop () | Stroop mistakes (
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FBF-

31 Stop Stroop but still take FBF measures | ( - )
recovery
32 Rest Release wrist cuff & press PAUSE
33 Rest Wall questions and SAI SAI( )
34 Rest 5 min Rest Enjoyment ()
35 Rest Concentration (
36 Rest Difficulty ()
Jentow BP: /
Calib HR:
0,
37 Excrcise HZ?.V6 person cycle at 20% Max for 8 () | 20% Max:
min
38 Exercise
39 Exercise
40 Exercise
41 Exercise
42 Exercise
43 Exercise
Inflate wrist cuff for Hokhanson to 60
44 Exercise | mmHg above SBP. Press Continue on ()
computer 55s after inflation of wrist cuff
45 FBE- stop exercise but still take BF measures (-)
recovery
46 Rest Ask subject RPE RPE( )
47 Rest 5 min Rest
48 Inflate (manually) arm cuff for
Hyper | Hokhanson to 60 mmHg above SBP for BP + 60mmHg
5 min
Change setting on BP Monitor (settings
49| Hyper | 55
50 Hyper | Wait 4 mins
Jentow BP: /
Calib HR:
5 Hvoer Inflate wrist cuff for Hokhanson to 60
yP mmHg above SBP
57 it Press Continue on computer 55s after
YPCT | inflation of wrist cuff
53 Deflate arm cuff (manually) to 50
mmHg& HIT CUFF/PRESET button
54 Measure 3 FBFs
55 Done Push stop on computer & deflate both

cuffs& take equipment off subject
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Exercise first (odds) Date

Study ID

Mins Event COP | Comments
1 Prep Impedance (Heart sound) Front: Back:
) Prep Holfanson & Jentow & ECG apparatus on Forearm size-
subject
3 Prep Get BP Monitor (settings 5/15/5) & COP time of day:
ready
Jentow BP: /
Calib HR:
413 | PWV Distal:
Proximal:
14 Base « )
15 Base
16 Base
17 Base
18 Base « )
Jentow BP: /
Calib HR:
19 FBF-base | Sensor on & Inflate wrist cuff for
ready Hokhanson to 60 mmHg above SBP
20 Press Continue on computer 55s after
inflation of wrist cuff
FBF-base « )
21 FBF-base ( )
29 Rest Release wrist cuff & press PAUSE (2 min
Rest)
23 Rest
Jentow BP: /
Calib HR:
24 Exercise | Have person cycle at 20% Max for 8 min ( ) |20% Max:
25 Exercise
26 Exercise
27 Exercise
28 Exercise
29 Exercise
30 Exercise « )
Inflate wrist cuff for Hokhanson to 60
31 Exercise | mmHg above SBP. Press Continue on ( )

computer 55s after inflation of wrist cuff
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FBF-

32 Stop exercise but still take BF measures (-)
recovery
33 Rest Ask subject RPE RPE( )
34 Rest 5 min Rest
Jentow BP: /
Calib HR:
35 Stroop- | Inflate wrist cuff for Hokhanson to 60
ready mmHg above SBP
36 Press Continue on computer 55s after
inflation of wrist cuff
Have subject say
37 Stroop ) color NOT text
38 Stroop
39 Stroop
40 Stroop
41 Stroop () )Stroop mistakes (
FBF- .
42 Stop Stroop but still take FBF measures (-)
recovery
43 Rest Release wrist cuff & press PAUSE
44 Rest Wall questions and SAI SAI( )
45 Rest 5 min Rest Enjoyment ()
46 Rest )Concentratlon (
47 Rest Difficulty ()
Inflate (manually) arm cuff for Hokhanson
43 Hyper to 60 mmHg above SBP 5 min BP + 60mmHg
Change setting on BP Monitor (settings
49 | Hyper | 505,
50 Hyper | Wait 4 mins
Jentow BP: /
Calib HR:
51 Hvoer Inflate wrist cuff for Hokhanson to 60
M mmHg above SBP
52 Hvoer Press Continue on computer 55s after
M inflation of wrist cuff
53 Deflate arm cuff (manually) to 50
mmHg& HIT CUFF/PRESET button
54 Measure 3 FBFs
55 Done Push stop on computer & deflate both

cuffs& take equipment off subject
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