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Executive Summary
It is well established that exercise plays an important role in the management of
overweight and obesity.

In the past, this was primarily attributed to the direct

contribution of exercise to energy expenditure, however it is becoming increasingly
evident that exercise may also influence appetite and energy intake. Importantly, the
precise effect of exercise on appetite and energy intake appears to be influenced by
specific characteristics of the exercise. In particular, high-intensity exercise appears to
have beneficial (anorexic) effects on appetite and energy intake.

Prolonged and

continuous high-intensity exercise may however, not be tolerable and sustainable in an
inactive and overweight population. An alternative may be the use of high-intensity,
intermittent exercise that involves short bouts of high-intensity exercise interspersed
with periods of exercise at lower intensities. However, the effects of high-intensity,
intermittent exercise on energy intake and appetite regulation is not known.

The

research presented in this thesis examines the acute and longer term influence of highintensity, intermittent exercise compared with traditional moderate-intensity, continuous
exercise on subsequent energy intake, perceptions of appetite and appetite-related blood
variables in sedentary, overweight men.
The purpose of the first study of this thesis was to compare the effects of an acute bout
of high-intensity, intermittent exercise with moderate-intensity, continuous exercise on
subsequent energy intake, perceptions of appetite and appetite-related blood variables in
a group of sedentary and overweight men. The thesis tested the hypothesis that highintensity, intermittent exercise would supress subsequent energy intake and perceptions
of appetite to a greater extent than moderate exercise using a crossover (four
conditions/experimental trials) counterbalanced design. These trials consisted of i) very
high-intensity, intermittent exercise (VHI): 30 min of alternating very high-intensity and
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lower intensity efforts performed at a ratio of 1:4 (15 s at 170% V̇O2Peak: 60 s at 32%
V̇O2Peak), ii) high-intensity, intermittent exercise (HI): 30 min of alternating high and
lower intensity efforts performed at a ratio of 1:4 (60 s at 100% V̇O2Peak: 240 s at 50%
V̇O2Peak), iii) moderate-intensity, continuous exercise (MC): 30 min at 60% V̇O2Peak and
iv) a control – no exercise condition (CON). Following 30 min of exercise/control,
participants consumed a standardised liquid meal and 70 min later, ad-libitum energy
intake from a laboratory test meal was assessed. In addition, perceptions of appetite and
the response of a number of appetite-related blood variables were assessed at regular
time intervals throughout the experimental session.

Free-living energy intake and

physical activity levels were monitored for a further 38 h after leaving the laboratory
using a self-recorded food diary and accelerometry respectively. Ad-libitum energy
intake of the laboratory test meal was found to be lower following both high-intensity,
intermittent exercise protocols (HI and VHI) compared with the resting control, while
energy intake following VHI was also lower than MC.

These findings were not

associated with any changes in perceived appetite between trials; however, the lower
energy intake after VHI was associated with lower active ghrelin and higher blood
glucose concentrations compared with the other trials. In addition, higher blood lactate
concentrations were observed after HI and VHI compared with both MC and CON. Of
importance, the suppression of energy intake after VHI compared with CON and MC
was maintained for more than 24 h. The beneficial effect of high-intensity, intermittent
exercise on energy intake occurred despite higher heart rates and perceived exertion
compared with MC. Furthermore, ratings of physical activity enjoyment were similar
between all exercise trials.
The observation that high-intensity, intermittent exercise acutely suppresses energy
intake raised the question of whether regular participation in this form of exercise may
benefit appetite regulation. Therefore, the second aim of this thesis was to explore the
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effect of 12 weeks (3 sessions per week) of supervised high-intensity, intermittent
exercise training (HIIT) compared with an equivalent period of moderate-intensity,
continuous exercise training (MICT) and inactivity (CON), on the regulation of appetite
and energy intake in overweight, inactive men. Thirty participants were randomised to
either HIIT, MICT, or a control group (CON). Participants in the HIIT group were
required to complete repeated bouts of high-intensity exercise (15-s at a power output
equivalent to 170% V̇O2Peak) with an active recovery period (60-s at a power output
32% V̇O2Peak) between efforts (i.e. the high-intensity, intermittent exercise protocol
that resulted in the greater suppression of energy intake in the first study). Participants
allocated to MICT exercised at a power output equivalent to 60% V̇O2Peak continuously,
for the duration of each training session. Ad-libitum enerafgy intake from a laboratory
test meal was assessed following a low-energy preload (LEP: 847 kJ) and a high-energy
preload (HEP: 2438 kJ) pre- and post-intervention to assess the ability to accurately
regulate energy consumption in response to previous caloric consumption. Perceived
appetite and appetite-related blood variables were also measured pre- and postintervention. Results found no significant effect of the intervention period on energy
intake at the laboratory test meal following the two different preloads. However, a
clinically meaningful decrease in energy intake after the HEP compared with LEP was
observed in response to HIIT, but not for MICT or CON, suggesting improved appetite
regulation with HIIT. The tendency for improved appetite regulation in response to
HIIT was not associated with alterations in the perception of appetite or the circulating
concentration of a number of appetite-related peptides or metabolites. However, insulin
sensitivity was enhanced following HIIT, but not after MICT or CON.
In summary, the research presented in this thesis demonstrates that an acute bout of
high-intensity, intermittent exercise suppresses post-exercise energy intake.

This

attenuation of post-exercise energy intake appears to be more pronounced as the
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intensity of the intervals employed is increased. This thesis also shows that regular
participation in high-intensity, intermittent exercise over a 12 week period appears to
have beneficial effects on appetite regulation. Furthermore, this thesis demonstrates
that high-intensity, intermittent exercise is a format of exercise that is well tolerated and
does not compromise the enjoyment of physical activity in previously sedentary and
overweight men. Taken together, the findings from this thesis highlight the importance
of appropriate exercise prescription for weight management and support the
performance of high-intensity, intermittent exercise to assist appetite control in
overweight individuals.
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Chapter 1
General Introduction

1

1
1.1

GENERAL INTRODUCTION
Introduction

The management of overweight and obesity has become a significant global issue over
the last few decades with the World Health Organisation (WHO) reporting that obesity
levels worldwide have increased by approximately 200% between 1980 and 2008
(WHO, 2013). This increase culminated in approximately 1.4 billion adults globally
being regarded as overweight (Body Mass Index (BMI) ≥ 25 kg/m2) and of this number,
more than 400 million were regarded as obese (BMI ≥ 30 kg/m2). In Australia, the
National Health Survey (2007-2008) reported that 61.4% of the Australian population
were either overweight or obese (Australian Bureau of Statistics, 2009).

This

prevalence is of great concern given the numerous health conditions and co-morbidities
associated with carrying excess body fat that include: cardiovascular disease, diabetes
mellitus, musculoskeletal disorders (e.g. osteoarthritis) and some forms of cancer (e.g.
endometrial, breast, colon) (WHO, 2013).
Although a wide range of factors can influence an individual’s weight, it is generally
accepted that the primary cause of obesity is an energy imbalance created by the amount
of energy consumed from food and beverage intake exceeding the energy expended to
maintain bodily functions and participate in daily physical activity over a prolonged
period of time (WHO, 2013). Understandably, this shift towards a positive energy
balance has led to extensive research examining the various aspects of the energy
balance equation aimed at correcting this energy imbalance.

In particular, much

emphasis has been placed on the role of physical activity and exercise in the prevention
and management of overweight and obesity, with evidence largely acknowledging that
physical activity, and more specifically exercise, plays a prominent role in achieving a
negative energy balance and resultant weight loss by increasing energy expenditure
2

(Catenacci & Wyatt, 2007; O'Gorman & Krook, 2008; Okay, 2009). In addition to the
direct effect of exercise on energy expenditure, it is becoming increasingly evident that
exercise may also influence feelings of hunger and satiety, the total amount of energy
consumed and the circulating concentration of a number of appetite-related hormones
(Balaguera-Cortes et al., 2011; Crisp et al., 2012; Guelfi et al., 2013; Martins et al.,
2007a).

However, the exact effect of exercise on these variables appears to be

influenced by a variety of factors that include exercise duration (Erdmann et al., 2007),
sex (Hagobian et al., 2009), body composition and activity levels (Jokisch et al., 2012),
dietary restraint (Keim et al., 1996), the external environment (Shorten et al., 2009), and
the intensity of exercise (Imbeault et al., 1997; Thivel et al., 2012).
With respect to exercise intensity, a recent study reported a reduction in ad-libitum
energy intake following a bout of stationary cycling performed at high-intensity (75%
V̇O2Max) compared with an equicaloric bout of low-intensity exercise (40% V̇O2Max) in
obese adolescents (Thivel et al., 2012). There is also evidence to suggest that the
intensity of exercise may influence the circulating levels of appetite-related hormones.
For example, Erdmann et al. (2007) reported that cycling at 100 Watts (W) was
associated with lower ghrelin (a hunger-stimulating hormone) compared with cycling at
50 W. Further, Ueda et al. (2009b) reported a greater rise in the satiety hormone
peptide tyrosine–tyrosine (PYY) in response to high (75% V̇O2Max) compared with
moderate-intensity (50% V̇O2Max) exercise. Taken together, these studies suggest a
potential role for higher intensity exercise to induce a favourable suppressive effect on
hunger and subsequent energy intake.

However, prolonged and continuous high-intensity exercise may not be sustainable in a
sedentary overweight and obese population. An alternative may be the use of highintensity, intermittent exercise which involves the performance of short bouts of high3

intensity exercise interspersed with periods of exercise at lower intensities. This type of
exercise has recently gained increasing popularity, given the significant improvements
in many cardiovascular risk factors and co-morbidities of obesity reported following
high-intensity, intermittent exercise training (Kessler et al., 2012). However, research
investigating the effects of high-intensity, intermittent exercise on energy intake and its
regulation has been limited, especially in an overweight and inactive population.
Therefore, the aim of this thesis was to investigate both the acute and exercise training
effects of high-intensity, intermittent exercise on subsequent energy intake, perceptions
of appetite and appetite-related hormones in sedentary, overweight men.
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CHAPTER 2
2

LITERATURE REVIEW

2.1

Introduction

This review will examine the current literature regarding the impact of exercise on
energy intake, with a particular focus on the influence of the characteristics of the
exercise protocol (i.e. continuous vs. intermittent) and exercise intensity. The review
will begin with a discussion of the various processes associated with the regulation of
energy intake, followed by an overview of how acute exercise, as well as regular
exercise training, affect energy intake and its regulation. Next, the various mechanisms
proposed to modulate the relationship between exercise and energy intake will be
reviewed. Finally, the effect of exercise intensity and the use of either continuous or
intermittent exercise on energy intake and its regulation will be discussed.
2.2

Regulation of Energy Intake

With the general consensus that weight gain is largely contributed to by a greater
amount of energy consumed than energy expended over a prolonged period of time
(WHO, 2013), much attention has been dedicated to understanding energy intake and
the various processes that regulate it. The regulation of energy consumption from food
and beverage intake is a complex and multifaceted process that is based on a network of
interactions that involve physiological, psychological and environmental factors. This
complex interplay between the various processes is reported to be mainly responsible
for an individual’s appetite and energy intake by controlling hunger (the conscious
sensation reflecting an urge to initiate eating), satiation (the process that leads to the
termination of eating; resulting in meal size), satiety (the process that leads to an
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inhibition of further eating; feeling of fullness) and the selection of meal items
(Benelam, 2009).
Decades of research dedicated to examining a variety of factors involved in appetite
regulation have led to the general acceptance of two main pathways responsible for the
control of energy intake; the homeostatic regulatory pathway and the hedonic regulatory
pathway (Lutter & Nestler, 2009). The homeostatic regulation of energy intake is based
upon the idea that the control of feeding is driven by the metabolic need to maintain
energy balance or homeostasis, while the hedonic regulation of energy intake is a
reward based system that is centred around the premise that food and beverage
consumption is driven by pleasure and food palatability and not just the presence of an
energy deficit. Although these two regulatory pathways are distinctly different, it has
been suggested that they both regulate food and beverage consumption, at least to a
degree, co-dependently (Saper et al., 2002).
2.2.1

Homeostatic Regulation of Energy Intake

The concept of homeostasis can be traced back to the works of Claude Bernard (1878)
and Walter Cannon (1929) who proposed the concept of – “the tendency of a
mammalian organism to maintain a constant internal environment” (Gross, 1998).
Specifically, energy homeostasis is the process whereby an organism maintains an
energy balance via constant adjustments of energy expenditure and energy intake. This
regulation of energy stores is mainly performed by the central nervous system along
with adipose tissue and various organs along the gastrointestinal tract (Schwartz et al.,
2000). In particular, the arcuate nucleus, situated in the hypothalamic region of the
brain is thought to play a key role in the integration of neural, metabolic and endocrine
signals from the periphery (Peruzzo et al., 2000). This is due in part to the arcuate
nucleus being in proximity to the median eminence, a region reported to have an
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incomplete blood-brain barrier, allowing for greater access to circulating signals
(Peruzzo et al., 2000). Within the arcuate nucleus lie two populations of neurons that
integrate signals of nutritional status to modulate energy homeostasis (Cone et al.,
2001). One group stimulate food intake through neuropeptide Y (NPY) and agoutirelated peptides (AgRP), while in contrast, the other group of neurons inhibit feeding
via the activation of neuropeptides pro-opiomelanocortin (POMC) and cocaine and
amphetamine regulated transcript (CART) (Morton et al., 2006).

Both these

populations of neurons project further to higher order neurons that coordinate
behavioural, autonomic and endocrine responses that regulate energy intake (Morton et
al., 2006).
Central to the control of the events that unfold within the arcuate nucleus are a host of
signals in the form of hormones received from the periphery. These signals can be
broadly divided into two categories; episodic and tonic, based on the temporal
classification of the processes that occur. The first category involves short-term and
episodic hormonal signals that are released in response to fasting or feeding and include
the orexigenic (appetite stimulating) gut hormone ghrelin released in response to fasting
and hunger (Druce et al., 2005), along with anorexigenic (appetite suppressing)
peptides, such as peptide tyrosine tyrosine (PYY) and pancreatic polypeptide (PP)
(Harrold et al., 2012). These later two appetite suppressing hormones are released in
tandem with feeding and signal satiety via vagal afferent communication with the
appetite centres following their perfusion of the blood brain barrier.

The second

category involves long-term and tonic hormonal signals that include leptin and insulin
which are released from adipose tissue and the pancreas respectively. Both of these
hormones are anorexigenic in nature and have been reported to play an essential role in
energy intake reduction and in improving sensitivity to satiety signals (Harrold et al.,
2012).
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2.2.2

Hedonic Regulation of Energy Intake

Escalating obesity levels globally suggest that food consumption is not entirely
controlled by homeostatic regulation and metabolic feedback that provides information
on energy requirements. Instead, the hedonic (Greek: pleasure) regulation of energy
intake is proposed to be also driven by motivational, cognitive and emotional
influences.

It is suggested to be reward-based and particularly centred on food

palatability and pleasure arising from eating (i.e. the reward of consuming highly
palatable food and beverage) (Lowe & Butryn, 2007).

In contrast to the key

homeostatic areas of the brain (hypothalamus and brain stem) that integrate neural and
peripheral signals, higher order hedonic neural circuits exert control over the rewarding
influences of food. These hedonic neural circuits include the mesolimbic dopamine
system (ventral pallidum, nucleus accumbens and striatum), insular cortex (insula) and
orbitofrontal cortex (Egecioglu et al., 2011). While it should be noted that both systems
play key roles in the regulation of energy intake, the hedonic regulatory system will not
be a focus of this thesis.
2.3

Effect of Exercise on Energy Intake and Appetite Regulation

As mentioned previously, an individual’s energy status is dependent on the balance
between energy intake and energy expenditure (Hill et al., 2012). Accordingly, the rise
in the prevalence of overweight and obesity has seen a concerted research effort
examining both sides of the energy balance equation. The benefits of physical activity
and more specifically exercise, in the management of overweight and obesity has
usually been attributed to the direct effect of increasing energy expenditure. However,
it is now evident that exercise itself may also modulate the coupling between energy
expenditure and energy intake by influencing appetite, energy intake and the circulating
concentrations of appetite-related hormones (Balaguera-Cortes et al., 2011; Crisp et al.,
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2012; Guelfi et al., 2013; Martins et al., 2007a). Consequently, the effect of exercise on
energy intake and appetite control has been studied extensively in the past decade
(Caudwell et al., 2013).
Much of the research in this field has explored factors that influence the relationship
between exercise and energy intake. These include studies examining the influence of
environmental factors (e.g. heat, cold), individual characteristics (activity status, sex),
exercise characteristics (intensity, duration, mode, acute, long-term), eating behaviour
(restraint, disinhibition) and eating motivation (reward). In addition, mediating factors
and mechanisms such as neural activity, gastric emptying, mobilisation of energy stores
and circulating appetite-related hormones have been considered in the context of energy
intake and appetite regulation in response to exercise. The following sections will
review and present the current literature.
2.4

Assessment of Energy Intake and Appetite

Before discussing the effect of exercise on energy intake, it is important to understand
the various approaches and methods that have been employed in appetite research to
assess energy intake and appetite. The specific approach employed in various research
studies is often dependent on the resources available, the practicality of employing the
approach/method and the specific research question (Rutishauser, 2005).
Energy intake can be defined as the total amount of calories ingested from food and
beverage consumption (Blundell et al., 2010). A review of the scientific literature
reveals two main approaches that have been undertaken to assess energy intake;
laboratory-based assessments vs. free living assessments, with each approach
controlling for and at the same time being influenced by a variety of factors (Blundell et
al., 2010).
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2.4.1

Laboratory-Based Assessment of Energy Intake

Laboratory-based approaches to quantifying energy intake typically involve the
assessment of food and beverage intake of known nutrient content under the controlled
conditions of the laboratory, thereby allowing for an accurate and precise measure of
energy and macronutrient intake. Depending on the experimental design, participants
may be presented with a test meal at specific periods within the experimental session
from which they are invited to consume freely. To determine the energy consumed from
the test meal, the food and beverage of known nutrient content is weighed before and
after meal consumption. Test meals may involve a single item meal consisting of a
limited or singular choice (Kissileff et al., 1990), or a multi-item (buffet) test meal
(Balaguera-Cortes et al., 2011) consisting of a variety of food items of various
macronutrient and sensory composition from which participants can choose freely.
There are theoretical benefits and disadvantages to either option. A single item meal,
with its limitation on choice, may have lower palatability ratings that may result in
sensory specific satiety (i.e. getting bored with one food item) (Rolls et al., 1981) and
potentially lead to an inaccurate behavioural response (reduction in energy intake). In
contrast, while providing the option of choice, the multi-item test meal is often an
atypical representation of a normal meal (i.e. increase food variance, access to palatable
food items) and may lead to overconsumption (Blundell et al., 2010). Further, the
varied proportion of macronutrient consumption from a multi-item test meal may
influence overall energy intake due to the varying satiating properties of carbohydrate,
fat and protein (Gerstein et al., 2004; Holt et al., 1995). Accordingly, it has been
proposed that the single item test meal may be more appropriate for the assessment of
energy intake (i.e. total amount of calories consumed), whereas a multi-item test meal
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may be preferable for the assessment of macronutrient preference (Blundell et al.,
2010).
Furthermore, while a laboratory-based approach allows for the control of social and
environmental factors known to affect energy intake, such as the presence of others and
ambient temperature (Wansink, 2004), it may not reflect the ‘real world’ and may
potentially lead to atypical feeding behaviour. Nonetheless, this approach has been
verified as a reliable method for assessing energy intake (Gregersen et al., 2008) and is
the preferred method for detecting differences in energy intake when using a within
subjects experimental design.
2.4.2

Free-Living Assessment of Energy Intake

The assessment of energy intake under free-living conditions typically involves
assessing and monitoring an individual in their natural environment. For example, this
method is commonly used by patients in hospital wards and military servicemen on
active duty who are required to monitor their food and drink consumption to manage
their dietary needs (Bergmann et al., 1992; Shay et al., 2009). Assessments performed
under free-living conditions are typically done either at the time of consumption or
retrospectively.

A common method of measuring energy intake at the time of

consumption is the use of an estimated/weighed food record, with the assistance of
standard measuring spoons, cups and food weighing scales.

Added information

regarding methods of food preparation, brand names and macronutrient content of food
items are also recorded (Rutishauser, 2005). Common retrospective measurements of
energy intake include a 24-hour recall, typically in the form of an interview during
which the participant attempts to recall all the food and beverage consumed over the
previous 24 hours.
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While a free living approach to assessing energy intake allows for ecological validity,
some methodological issues may limit its internal validity and reliability. The 24-hour
recall method is heavily affected by the participants’ ability to recall their dietary intake
of the previous day (Rutishauser, 2005). Although a self-recorded food diary is not
reliant on memory/recall and allows for fairly accurate estimations of food and beverage
intake to be made, this method is time consuming, requires participant compliance and
may potentially affect an individual’s normal feeding behaviour. Further, it has been
demonstrated that measurements of habitual food intake are susceptible to bias and
underreporting (Livingstone & Black, 2003).
2.4.3

Assessment of Appetite

Perceptions of hunger and fullness are often assessed by researchers in addition to the
direct assessment of energy intake. This is achieved by using a range of questionnaires,
with a visual analogue scale (VAS) being the most commonly used method (Imbeault et
al., 1997; Kissileff et al., 1990; Martins et al., 2007a). A typical VAS takes the form of
a series of horizontal lines (100 mm) each anchored with two extreme states at either
end (Hill & Blundell, 1982). For example, a question on the scale “How strong is your
desire to eat right now?” would be anchored on one end with “very weak” and “very
strong” on the other end (Appendix E). Participants are required to make a vertical
mark along the line to reflect how they feel at that time.

Quantification of the

measurement is achieved by measuring the distance from the left end of the line to the
mark made by the participant. Flint and colleagues (2000) have demonstrated the
reproducibility and validity of using a VAS for the assessment of perceptions of hunger
and fullness.
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2.5

The Effect of an Acute Bout of Exercise on Subsequent Energy Intake

Intuitively, and in accordance with the homeostatic model, the performance of an acute
bout of exercise would be expected to be accompanied by a compensatory up-regulation
in energy intake to restore energy balance.

However, a review of the literature

examining the relationship between an acute bout of exercise and energy intake does not
always show a compensatory increase in acute energy intake in the post-exercise period.
In an earlier review by Blundell and King (1999), only about 19% of studies examining
post-exercise food intake reported an increase in energy intake, while 65% and 16% of
the studies included at the time observed no change or a decrease in energy intake,
respectively. Since this time, many additional studies have examined this issue. More
recently, a meta-analysis by Schubert and colleagues (2013) reported that of the 51 trials
reviewed, 28 trials showed minimal or no change (less than 400 kJ difference) in energy
consumption, 17 trials showed an increase of more than 400 kJ and 6 trials showed a
decrease of more than 400 kJ in energy intake following an acute bout of exercise.
There are a number of possible explanations for the discrepancies observed in the
current literature regarding the effects of an acute bout of exercise on energy intake.
These will be discussed later in the review (section 2.7 – Factors Influencing the Effect
of Exercise on Energy Intake).
2.5.1

Acute Exercise Resulting in No Change in Energy Intake

The majority of studies examining the effect of an acute bout of exercise on subsequent
energy intake have observed no change in food consumption post-exercise. In an earlier
study by Thompson et al. (1988), fifteen healthy normal weight men completed three
separate experimental trials consisting of i) cycling at 35% V̇O2Max, (duration: 58 ± 6
min) ii) cycling at 68% V̇O2Max (duration: 29 ± 3 min) and iii) a no exercise control
(duration: 43 ± 5 min). The exercise trials involved a total energy expenditure of 4.1
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kcal per kg body weight. These researchers found no differences in energy consumption
from a liquid meal administered approximately 1 h post exercise between trials.
Likewise, King et al. (1997), examined the effects of 50 min of treadmill running at
70% of theoretical maximum heart rate (220 minus the individual’s age: HRMax) on
subsequent energy consumption based on self-recorded food diaries (over three days –
day before, test day and day after) in active, normal weight men. These researchers
reported no significant change in post-exercise energy intake following treadmill
exercise compared with a no exercise control condition, even though hunger scores
were decreased in the 24 h following the exercise trial.
Findings from two more recent studies also indicate that a single bout of exercise may
not affect post-exercise energy intake. Specifically, King and colleagues (2010) found
that 60 min of self-paced brisk walking at about 7 km/h (45% V̇O2Max) resulted in no
difference in post-exercise appetite and energy intake from ad-libitum buffet meals
consumed 0.5 h and 4 h post-exercise when compared with a no exercise control
condition. Similarly, Balaguera-Cortes et al. (2011) compared the impact of 45 min of
treadmill running at 70% V̇O2Max with 45 min of resistance exercise and a no exercise
control on subsequent energy intake from an ad-libitum buffet meal provided 0.5 h after
exercise in ten active, normal weight men. These researchers found no significant
differences in acute post-exercise energy intake between the experimental trials.
2.5.2

Acute Exercise Resulting in an Increase in Energy Intake

In contrast with the studies discussed above, other studies have reported an increase in
energy intake following an acute bout of exercise. For example, Martins and colleagues
(2007a) reported a significant increase in energy intake (632 kJ) from a buffet meal
provided 60 min following stationary cycling at 65% HRMax compared with a control
condition in 12 healthy normal weight men and women. Likewise, Shorten et al.
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(2009), demonstrated that 40 min of treadmill running at 70% V̇O2Max resulted in a
significant increase in ad-libitum energy intake consumed from a buffet meal 35 min
post-exercise compared with a resting control trial in 11 healthy men. Together, these
findings suggest that an acute increase in energy intake after exercise may become more
evident following exercise of greater energy expenditure. Furthermore, Erdmann and
colleagues (2007) reported that stationary cycling at 50 W for 120 min resulted in
significantly higher energy intake (3249 kJ consumed) when compared with cycling at
the same wattage for 60 min (2386 kJ consumed) and a resting control condition (2348
kJ consumed).
2.5.3

Acute Exercise Resulting in a Decrease in Energy Intake

Importantly, there have also been studies that have reported a suppression of hunger and
absolute energy intake after exercise.

For instance, Westerterp-Plantenga and

colleagues (1997) found that 120 min of stationary cycling at 60% of maximal power
output resulted in an acute reduction in both ad-libitum energy intake from a buffet meal
and feelings of hunger post-exercise when compared with a resting control condition in
both obese and non-obese men. Likewise, Ueda et al. (2009a) reported that an hour of
stationary cycling at 50% V̇O2Max following a standardised breakfast reduced ad-libitum
energy intake from a buffet meal administered 1 h post-exercise compared with a resting
control condition in both obese and normal weight participants.
2.5.4

The Importance of Relative Energy Intake

Although many of the studies presented earlier observed either no change or an increase
in absolute energy intake following exercise compared with remaining sedentary, it is
important to note that for most of these studies, exercise still elicited a short-term
negative energy balance due to the increased energy expenditure being greater than any
excess consumption. For this reason, many researchers report the effect of exercise on
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relative energy intake, which is defined as the net energy intake calculated after
accounting for the extra energy expended as a result of the exercise bout (Relative
energy intake = Total (absolute) energy intake – Energy expended during the exercise
session).
In many instances where an acute bout of exercise has been reported to result in an
increase in absolute energy intake compared with a resting control condition, relative
energy intake is in fact lower (Schubert et al., 2012).

For instance, Martins and

colleagues (2007a) reported significantly greater absolute energy intake following one
hour of moderate-intensity exercise (65% HRMax) compared with a resting control
condition (632 kJ greater).

However, after accounting for the additional energy

expended during cycling, relative energy intake was significantly lower following
exercise compared with control (603 kJ less) suggesting that the exercise produced a
short-term negative energy balance. Similarly, Balaguera-Cortes and colleagues (2011)
reported no significant difference in absolute post-exercise energy intake after 45 min of
exercise (treadmill running at 70% V̇O2Max or resistance exercise) compared with a
resting control condition in ten active normal weight men. However, relative energy
intake was significantly lower in the exercise conditions (treadmill running: -2329 kJ;
resistance exercise: -926 kJ) compared with the control condition. Consequently, the
examination of relative energy intake in appetite studies allows for the calculation of
energy balance over a period of time (e.g. 24 or 48 h). This may have implications for
weight management if the energy cost of exercise is not compensated for over a
prolonged period of time.
2.6

The Effect of Exercise Training on Energy Intake and Appetite Control

The majority of research examining the relationship between exercise and energy intake
has focused on the effects of a single bout of exercise on subsequent energy
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consumption. Although important, findings concerning an acute bout of exercise do not
necessarily translate to differences in response to exercise training (i.e. multiple bouts of
exercise over a period of time). A review of the existing literature shows that research
devoted to investigating the impact of exercise training on energy intake, especially in
the overweight adult population, is limited.
One study by Ueda and colleagues (2013) examined the effect of 12 weeks of exercise
training (performed 3 times per week, 60 min jogging at 65% HRMax) on feeding
behaviour in middle-aged Japanese women. These researchers reported a tendency for
an increase in energy consumed after a single bout of exercise following the exercise
intervention. It should be noted that while the women recruited were middle aged
(mean ± standard error; age 49 ± 0.8 y) and potentially post-menopausal, these authors
did not mention whether they controlled for the potential appetite influencing effects of
the menstrual cycle (Dye & Blundell, 1997).
While the study above assessed absolute energy intake pre- to post-intervention, an
alternative study design that has been undertaken by researchers to examine the impact
of exercise training on appetite regulation is the use of the preload paradigm. The
preload paradigm involves the assessment of ad-libitum energy intake in response to the
consumption of preloads of different caloric content (e.g. high energy preload vs. low
energy preload). By comparing energy intake after a preload of high vs. low energy
content, the sensitivity of eating behaviour in response to previous dietary intake (or the
level of appropriate compensatory adjustment) can be determined.

Using this

experimental design, Martins et al. (2007b) demonstrated that six weeks of regular
aerobic exercise training (4 times per week, 65–75% HRMax) improved appetite
regulation in previously inactive volunteers by promoting more sensitive eating
behaviour in response to previous energy intake. In this study, 25 healthy normal
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weight participants (11 men and 14 women) visited the lab on four separate occasions
for assessment, twice before and twice after the aerobic exercise intervention. Adlibitum energy intake at a buffet style meal was measured after consumption of a high
energy pre-load (2550 kJ) on one visit, and a low energy pre-load (1033 kJ) on the
other. At the start of the intervention period, energy intake was not different between
conditions (i.e. no difference in energy intake following the high vs. low energy preload) suggesting a lack of compensatory adjustment for prior energy intake. In contrast,
following the six week exercise intervention, participants consumed significantly less
after the high energy pre-load, when compared with the low energy pre-load indicating
improved appetite regulation.
More recently, Martins and colleagues (2013) completed a follow-up study using a
similar preload paradigm design in obese men and women (Martins et al., 2013). These
researchers reported that following a 12 week exercise program (5 sessions performed
per week; 500 kcal (2093 kJ) energy deficit at approximately 75% HRMax per exercise
session), energy intake after the high energy preload was significantly lower than after
the low energy preload, independent of weight loss; 1799 kcal (7523 kJ) vs. 2044 kcal
(8548 kJ) respectively. The preloads were presented as flavoured milkshakes of similar
sensory properties but differed in energy content by 351 kcal (1470 kJ). Taken together,
the available evidence suggests that regular exercise training may result in an
improvement in appetite regulation.
2.7

Factors Influencing the Effect of Exercise on Energy Intake

As noted previously, there is a considerable discrepancy between studies examining the
effect of exercise on energy intake. This is likely attributed to the fact that the precise
relationship between exercise and energy intake may be moderated by a variety of
factors. Factors which have previously been explored include the specific experimental
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design employed (environmental conditions, feeding status of participant, timing of test
meal), the characteristics of the study participants (sex, body composition, activity
levels, dietary restraint) and the characteristic of the exercise (mode, intensity). These
issues are discussed in further detail below.
2.7.1

Influence of Experimental Design

2.7.1.a Environmental Conditions
The performance of an acute bout of exercise in different environmental conditions has
been reported to have varying effects on post-exercise energy intake.

White and

colleagues (2005) reported that exercising submerged to the mid-sternum for 45 min at
60% V̇O2Max on a modified cycle ergometer in cold water (20°C) compared with neutral
water (33°C), resulted in the consumption of 269 kcal more during the hour following
exercise in 11 normal weight men. A separate study found that treadmill running for 40
min at 70% V̇O2Peak in neutral temperature (25°C) resulted in greater energy intake
compared with a control (no exercise) condition, while there was no difference in postexercise energy intake between exercising in the heat (36°C) and the control condition
in 11 active men (Shorten et al., 2009). These studies highlight the importance of
standardising the environmental conditions when examining the effect of exercise on
energy intake.
2.7.1.b Feeding Status
The dietary status of the participant (i.e. fasted or fed) is another aspect of the
experimental design that differs between studies, possibly explaining the discrepant
findings regarding post-exercise energy intake. In a review by Schubert and colleagues
(2012), half of the studies examined employed exercise in the morning after an
overnight fast (8-12 h), while the remaining studies required their participants to have a
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pre-exercise meal. It should however be noted that both Gonzalez et al (2013) and
Deighton et al ((2012) studied the influence of moderate intensity continuous running
on appetite and energy intake responses and found that exercise resulted in a less
positive energy balance compared with a sedentary behaviour (control – no exercise) in
healthy physically active men regardless of whether they consumed breakfast prior to
exercise or not.
2.7.1.c Timing of Test Meal
Differences in the duration between the end of exercise and the administration of the adlibitum test meal between studies is another possible factor influencing the effect of an
acute bout of exercise on subsequent energy intake. A review of the literature has
revealed a variety of test meal timings employed. For example, Imbeault et al. (1997),
Ueda et al (2009b), Martins et al. (2007a) and Unick et al. (2010) all presented the test
meal at different times following exercise (15, 30, 60 and 120 min following exercise
respectively). Accordingly, these studies reported differences in ad-libitum energy
intake following exercise compared with a control (no exercise) condition; Imbeault et
al. (1997) - no change, Ueda et al. (2009b) - decrease, Martins et al. (2007a) - increase
and Unick et al. (2010) - no change. Of relevance, and possibly providing an
explanation for some of the variation observed regarding the effect of exercise on
energy intake, an acute bout of exercise has been shown to result in a delay in voluntary
feeding time. Specifically, King et al. (2013a) reported that 60 min of treadmill running
at 72% V̇O2Max resulted in an increase in the length of time (35 min increase) before
participants voluntarily requested to eat compared with a no exercise, control condition.
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2.7.2

Influence of Individual Characteristics

2.7.2.a Sex
The sex of participants has been reported to have an influence on the effect of exercise
on appetite regulation and energy intake.

Stubbs and colleagues conducted two

different studies examining the effect that a week of exercise training of moderate (~
1600 to 1900 kJ/day EE) and high (3200 to 3400 kJ/day EE) exercise levels on a cycle
ergometer would have on ad-libitum energy intake in healthy weight men (Stubbs et al.,
2002a) and women (Stubbs et al., 2002b). These researchers reported that while a
significant increase in energy consumption and feelings of hunger were observed in
women following the exercise intervention (Stubbs et al., 2002b), no change was
observed in the men (Stubbs et al., 2002a). The reasons for this difference between men
and women is not clear, but may be related to women “defending” body fat stores in
response to extra energy expenditure to preserve reproductive function (Hagobian &
Braun, 2010). Further, it appears that the phase of the menstrual cycle may influence the
relationship between exercise and energy consumption. A review by Dye and Blundell
(1997) reported that the majority of women examined (27 of 37 experimental groups)
consumed more during the luteal phase (when progesterone levels increase) than the
follicular phase (when estrogen levels decrease) of the menstrual cycle. It has been
suggested that circulating estrogen reduces appetite while progesterone increases it
(Davidsen et al., 2007).
Of interest, Hagobian and colleagues (2013) recently examined the acute effects of
exercise on appetite in both men and women and found differences in the suppression of
relative energy intake between sexes. Clearly, additional research examining the
influence of an individual’s sex on the effect of exercise on appetite regulation and
energy intake is required.
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2.7.2.b Dietary Restraint
Another factor that may moderate the relationship between exercise and energy intake is
dietary restraint, which refers to the extent to which an individual consciously restricts
their food intake in order to maintain or lose weight (Benelam, 2009). Notably, Lluch et
al. (2000) reported that unrestrained eaters (13 normal weight females) had
comparatively greater relative energy intake after cycling at 70% V̇O2Max for 50 min
compared with restrained eaters (12 normal weight females). These findings suggest
that acute exercise may result in a greater degree of negative energy balance in
restrained eaters compared with unrestrained individuals.
2.7.2.c Activity Status
The activity status (levels of habitual physical activity) of the study participants may
also influence the effect of exercise on energy intake. Specifically, researchers have
reported that exercise appears to have more of an anorexic effect on participants that
engage in limited amounts of physical activity compared with active participants. For
example, Jokisch and colleagues (2012) reported that inactive (participation in less than
60 min of exercise per week) normal weight men (n = 10) consumed significantly less
energy from an ad-libitum buffet meal following 45 min of cycling at 71% V̇O2Max
compared with a control (no exercise) condition, while active (participation in more
than 150 min of exercise per week) normal weight men (n=10) had no difference in
energy intake between the exercise (cycled at 69% V̇O2Max for 45 min) and control (no
exercise) condition. Given the limited studies in this area however, further research is
required to confirm these findings.
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2.7.3

Influence of Exercise Characteristics

2.7.3.a Exercise Mode
The modality of an acute bout of exercise may also influence post-exercise energy
intake and perceived hunger levels.

For instance, Kawano and colleagues (2013)

reported that acute 40 min, energy cost matched bouts of cycling (non-weight bearing)
and rope skipping (weight bearing) resulted in a greater suppression of feelings of
hunger during the rope skipping compared with cycling. In support, treadmill running
for 60 min was observed to result in a greater suppression of hunger compared with
resistance exercise (90 min of free-weight lifting) in healthy adult men (Broom et al.,
2009). Wasse and colleagues (2013) also reported a tendency for hunger levels to be
suppressed during aerobic type exercise (running and cycling) (60 min at 70% V̇O2Max)
in recreationally active men. There is currently limited research directly examining the
influence of exercise mode on absolute energy intake and appetite regulation under
exercise conditions matched for energy expenditure.
2.7.3.b Exercise Intensity
Another factor that may have an impact on the relationship between exercise and energy
intake is the intensity of exercise. The literature notes that an acute suppression of postexercise energy intake has never been shown to occur when low-intensity exercise (35%
V̇O2Max or less) has been performed (Bilski et al., 2009), while there is evidence
showing a reduction in energy intake when higher intensity exercise (≥ 60% V̇O2Max) is
performed (Martins et al., 2007a; Thivel et al., 2012; Ueda et al., 2009a; WesterterpPlantenga et al., 1997).
In support of this notion, earlier work on the effect of exercise intensity on food intake
in rodents found that high-intensity running resulted in a decrease in food consumption
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and a decrease in body weight over a four week period compared with an equivalent
period of low intensity running exercise of equal caloric cost (Katch et al., 1979). This
influence of exercise intensity on subsequent energy intake has also been confirmed in a
handful of human studies. Specifically, Imbeault and colleagues (1997) examined the
effects of treadmill running at 75% V̇O2Max compared with 35% V̇O2Max (of matched
energy cost; low-intensity: 2054 ± 45, high-intensity: 2022 ± 38 kJ) in 11 normal weight
men. These researchers reported that the higher intensity exercise bout resulted in a
significantly lower relative energy intake (after accounting for the energy cost of
exercise above resting level during the exercise session) compared with the control
condition (P < 0.001) and the lower intensity exercise session (P < 0.05). Of interest,
subjective hunger scores were also significantly decreased during the higher intensity
exercise period.
This trend has also been reported in a number of different populations (women and
adolescents).

For example, Kissileff and colleagues (1990) reported a significant

decrease in energy intake measured using a liquefied test meal consumed 15 min after
40 min of stationary cycling at a power output of 90 W compared with 30 W in normal
weight (BMI < 25 kg/m2) women. Importantly, the energy cost of the exercise protocols
used in this study were not matched, therefore the difference in relative energy intake
between trials would have been even more pronounced. In corroboration with this
observation, a recent study reported reduced ad-libitum energy intake at a lunch and
dinner meal following a bout of stationary cycling performed at high-intensity (75%
V̇O2Max) compared with an equicaloric bout of low-intensity exercise (40% V̇O2Max) in
obese adolescents (Thivel et al., 2012).
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2.8

Possible Mechanisms Involved in Energy Intake Regulation in Response to

Exercise
A number of mechanisms have been proposed to be involved in modulating the
relationship between an acute bout of exercise and subsequent energy consumption.
Proposed mechanisms include alterations in the neural activity of food reward regions
of the brain, the availability of energy stores, the rate of gastric emptying and the
concentration of circulating appetite-related hormones.

These mechanisms will be

discussed in the following section.
2.8.1

Neural activity

With the advancement in neuroimaging technology in the last decade, in particular
functional magnetic resonance imaging (fMRI), it has become increasing convenient to
examine neural activity in the various regions of the brain (Tataranni & DelParigi,
2003). Accordingly, there has been a concomitant increase in research studying the
impact of exercise on the hedonic regulation of energy intake (i.e. food reward regions
of the brain). Results from these studies suggest that exercise may have a dampening
effect on the food reward pathways located in the brain, consistent with reduced general
palatability of food, reduced anticipation to eat and reduced consumption of food
(Cornier et al., 2012; Crabtree et al., 2014; Evero et al., 2012). For example, Evero and
colleagues (2012) compared the acute effect of 60 min of stationary cycling (83%
maximal heart rate) with 60 min of rest (no exercise) on the neuronal responses in the
food reward regions of the brain in 30 healthy, normal weight and habitually active
participants (17 men and 13 women). These researchers reported that following the
exercise condition, neural responses to visual food cues were significantly reduced
compared with control (non-food) visual cues. Of note, this dampening of the fMRI
responses to visual food cues was not found in the no exercise control condition.
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2.8.2

Mobilisation of Energy Stores

The availability of energy stores has also been suggested to be one of the mechanisms
linking exercise to appetite control. Classic theories describing an energy homeostasis
reflex (i.e. negative feedback control, with food intake being a reflex to correct energy
homeostatic perturbations) have been proposed to trigger or delay meal initiation
(Mayer, 1955). For example, Jean Mayer’s (1955) well known glucostatic hypothesis
postulates that small and acute increases or decreases in circulating blood glucose
concentrations or its metabolism may accordingly suppress or promote feeding
behaviour respectively.

Other energy stores that are reported to be involved in

influencing feeding behaviour include the circulating concentration of free fatty acids
(Leonhardt & Langhans, 2004) and lactate (Nagase et al., 1996), with an increase in the
circulating concentration of these metabolites shown to lead to a suppression in energy
intake.
The main mechanism thought to mediate these processes is vagal afferent activity,
reporting satiety signals to appetite centres in the brain (Berthoud, 2008) in response to
various substrate sensors (e.g. circulating blood glucose via glucosensors in the liver
portal vein). However, evidence demonstrating a direct influence of exercise on energy
store utilisation (substrate metabolism) and compensatory food consumption is limited
(Kissileff et al., 1990; Almeras et al., 1995), although there is some evidence to suggest
that carbohydrate balance may be negatively correlated with ad-libitum food intake
(Stubbs et al., 1995; Snitker et al., 1997; Pannacciulli et al., 2007; Galgani et al., 2010).
Burton and colleagues (2010) compared the effect of high vs. low energy turnover
experimental conditions on appetite and feeding behaviour in 13 overweight premenstrual women. The high energy turnover condition involved 60 min of treadmill
walking at 50% V̇O2Max followed immediately by a test meal calculated to restore and
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maintain energy balance, while the low energy turnover condition did not involve
exercise and simply required participants to consume a test meal calculated to maintain
energy balance. These researchers reported that the high energy turnover condition
resulted in a higher carbohydrate balance compared with the low energy turnover
condition and resulted in lower energy intake in an ad-libitum meal presented 6 hours
later. Interestingly, carbohydrate balance following the ad-libitum meal was found to
not differ between conditions, suggesting that feeding was driven by the need to restore
carbohydrate balance.
2.8.3

Gastric Emptying

Earlier studies have presented evidence that the rate of gastric emptying and gastric
motility have a direct influence on energy intake and appetite (Bergmann et al., 1992;
Sepple & Read, 1989). That is, as the rate of gastric emptying increases, ad-libitum
energy intake increases. Mechanisms proposed to mediate this relationship include
gastric distension and intestinal exposure to nutrients which contribute to subsequent
satiation and satiety (Janssen et al., 2011). Of relevance, an acute bout of high-intensity
exercise appears to delay gastric emptying (Leiper et al., 2001; Neufer et al., 1989;
Ramsbottom & Hunt, 1974). For example, Leiper et al. (2001) reported that a 60 min
bout of high-intensity, intermittent exercise performed at a power output corresponding
to 75% V̇O2Max led to delayed gastric emptying compared with 60 min of steady-state
exercise performed at a constant power output corresponding to 66% V̇O2Max and a
resting control trial in eight healthy males following the ingestion of 600 mL of a 6%
carbohydrate-electrolyte solution immediately before exercise or rest.

It has been

proposed that this decrease in the rate of gastric emptying in response to high-intensity
exercise may result in suppression of appetite and energy intake (Horner et al., 2011).
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However, the relationship between gastric emptying and energy intake in direct
response to exercise remains to be examined.
2.8.4

Appetite-Related Hormones

Of all the proposed mechanisms, the influence of exercise on the hormones involved in
the central regulation of appetite and energy intake have attracted the most attention in
recent years. The most commonly studied of these hormones include ghrelin, leptin,
pancreatic polypeptide (PP), and peptide tyrosine tyrosine (PYY), glucagon-like
peptide-1 (GLP-1), and cholecystokinin (CCK). In particular, the effects of exercise on
ghrelin and leptin have received significant attention.
2.8.4.a Ghrelin
Ghrelin is a 28 amino acid peptide with an acyl side chain and is the endogenous ligand
for the growth hormone secretagogue receptor (GHS-R) (Kojima et al., 1999). Ghrelin
is primarily synthesized in the fundic region of the stomach, but has also been reported
to be secreted from the duodenum, ileum, caecum and colon (Date et al., 2000). The
biological roles of ghrelin have been reported to be wide ranging, with involvement in
growth hormone regulation (Kojima et al., 1999; Kojima & Kangawa, 2008),
reproductive function (Muccioli et al., 2011), gastrointestinal function (Levin et al.,
2006) and cardiovascular function (Nagaya et al., 2004). In addition to these functions,
ghrelin is the only known peptide to date that is reported to stimulate appetite and
feeding (Wren et al., 2001). Notably, exogenous administration of ghrelin leads to an
increase in hunger and ad-libitum energy consumption (Arvat et al., 2001; Asakawa et
al., 2003; Nakazato et al., 2001; Neary et al., 2004; Wren et al., 2000). Ghrelin levels
have been reported to be elevated during a fast (with significant peaks observed to occur
just prior to feeding) and be rapidly suppressed after a meal (Cummings et al., 2001).
Further, circulating ghrelin appears to follow a diurnal pattern with highest
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concentrations occurring in the morning, followed by a gradual reduction through the
day (Nakazato et al., 2001). Of interest, ghrelin has been reported to influence various
other physiological processes that promote a positive energy balance in addition to
stimulating appetite. Specifically, elevated levels of ghrelin have been reported to result
in reduced energy expenditure (Pfluger et al., 2008) and an increase in preference for
food items with high fat content and high palatability (Perello et al., 2010).
It is important to note that ghrelin (total ghrelin) is made up of two different forms;
acylated and unacylated ghrelin (Kojima., 1999). It is thought that the acylation of
ghrelin is essential for ghrelin to bind to its receptor (growth hormone-secretagogue
receptor) and cross the blood brain barrier (Kojima., 1999).
2.8.4.a.i Effect of Acute Exercise on Ghrelin
To date, findings from studies that have assessed the effect of an acute bout of exercise
on ghrelin have varied, with researchers reporting increased, decreased and unchanged
levels of plasma total ghrelin (TtG) after an acute bout of exercise. For example, in a
study investigating the effects of four successive 10 min bouts of incremental stationary
cycling, circulating TtG levels measured periodically during the exercise were reported
to be suppressed in an intensity dependent manner (Toshinai et al., 2007).

The

suppression of TtG post-exercise was also reported following a bout of moderateintensity aerobic exercise (Malkova et al., 2008), exercise to exhaustion (Vestergaard et
al., 2007) and single bouts of resistance exercise (Ballard et al., 2009; Ghanbari-Niaki,
2006; Kraemer et al., 2004). In contrast, other studies have reported an increase in TtG
in response to an acute bout of exercise. These increases have notably occurred after a
sustained period (~ >2 h) of rowing (Jürimäe et al., 2009) and cycling (Christ et al.,
2006). A number of studies have also reported no change in TtG in response to
exercise. The reason for this discrepancy between studies is unclear, however it has
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been suggested that a threshold of energy imbalance (negative energy balance) may be
required to illicit a TtG response (Martins et al., 2011). Notably, the studies that have
reported no change in TtG plasma levels used exercise bouts that resulted in modest
negative energy imbalances (Martins et al., 2011).
While the above-mentioned studies examined total ghrelin, the study of acylated ghrelin
has been proposed to allow for a more accurate assessment of the orexigenic effects of
this hormone (Kojima et al., 1999).

A review of the literature reveals consistent

evidence that the circulating concentration of acylated ghrelin is suppressed in response
to acute exercise (King et al., 2013b). For instance, Broom and colleagues (2007)
reported lower acylated ghrelin concentration during and immediately after 60 min of
treadmill running at 72% V̇O2Max compared with a control trial (no exercise). Likewise,
King and colleagues (2010) reported a brief suppression of plasma acylated ghrelin in
response to 90 min of treadmill running at 69% V̇O2Max.
This suppression of acylated concentration following exercise appears to be independent
of exercise mode (resistance vs. aerobic exercise) (Broom et al., 2009) and sex
(Hagobian & Evero, 2013). However, one factor that has been reported to influence the
impact of an acute bout of exercise on acylated ghrelin concentrations is the adiposity of
an individual.

Heden and collaborators (2013) recently demonstrated differing

responses of acylated ghrelin to 1 h of treadmill walking at 55-60% V̇O2Peak performed
the night prior to a standardised test meal in normal weight and obese individuals.
These researchers reported a suppression in fasting and postprandial acylated ghrelin
following exercise in normal weight individuals compared with the resting control. In
contrast, no alterations in fasting or post-prandial acylated ghrelin concentration were
observed in obese individuals following exercise.
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2.8.4.a.ii Effect of Exercise Training on Ghrelin
The effect of exercise training on circulating levels of TtG has received a significant
amount of attention in the last decade. However, it is important to note that it is
difficult to isolate the effects of exercise training per se from the effects of weight loss
in exercise intervention studies, given that there is evidence to suggest that TtG levels
may be sensitive to changes in weight change. For instance, Leidy and colleagues
(2004) reported that three months of exercise training in normal weight individuals led
to an elevation in TtG plasma levels in the exercisers who lost weight compared with
the exercisers who remained weight-stable.

Further, Foster-Schubert et al. (2005)

reported that a year-long exercise intervention involving 45 min of moderate-intensity
aerobic exercise performed five times a week lead to an average 1.4 kg weight loss and
resultant increase in plasma TtG levels in overweight post-menopausal women. These
findings suggest that exercise-induced weight loss may result in a compensatory
increase in TtG plasma, perhaps to increase hunger and energy intake so as to restore
energy balance.
Research on the effect of exercise training on plasma acylated and unacylated ghrelin
concentration remains limited and inconclusive.

Martins and colleagues (2010)

observed an increase in the circulating levels of plasma acylated ghrelin in response to a
12 week exercise training intervention (500 kcal expending session five times a week at
75% of HRMax) in 22 sedentary and overweight/obese (8 men and 14 women). Again,
this increase in circulating plasma acylated ghrelin was associated with a significant
reduction in body weight. Likewise, a recent study by Ueda et al. (2013) reported a
significant reduction in body weight and an increase in fasting plasma acylated ghrelin
following 12 weeks (3 times per week, 60 min jogging at 65% HRMax) of exercise
training in middle-aged Japanese women (menopause status not reported).
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In contrast, Guelfi et al. (2013) reported that a twelve week exercise intervention,
regardless of exercise mode (aerobic vs. resistance; three times per week), did not alter
fasting acylated ghrelin in previously inactive overweight and obese men. A possible
reason for the discrepancy in the response of circulating acylated ghrelin to exercise
training found between these studies may relate to the sex of the participants. Martins et
al., (2010) studied both men and women, Ueda et al., (2013) studied only women, while
Guelfi et al. (2013), studied men only. It is possible that men and women respond
differently to exercise training. In support of this notion, Hagobian and colleagues
(2009) reported a greater increase in acylated ghrelin in women compared with men
following four days of treadmill running at 50 – 65% V̇O2Peak.
With respect to the effect of exercise training on unacylated ghrelin, research is scarce
and inconclusive.

One study investigated the effects of twelve weeks of exercise

training of mixed modalities (30 min of walking between 55 - 75% HRMax and 50 min
of elastic band resistance exercises) in overweight children (Kim et al., 2008). These
researchers reported an increase in unacylated ghrelin and no change in acylated ghrelin
after the exercise program
2.8.4.b Leptin
Leptin (Greek: thin) is a 167 amino acid protein hormone encoded by the obese (ob)
gene and is secreted into circulation predominately by adipose tissue (Zhang et al.,
1994). First identified in 1994 from the investigation of naturally occurring mutations
of the hyperphagic and obese ob/ob mice, leptin plays an important role in modulating
energy status (Zhang et al., 1994). Exogenous leptin administration into both obese
ob/ob mice and humans with congenital leptin deficiency has been reported to lead to
reductions in food intake and decreased adiposity (Farooqi et al., 2001; Flynn et al.,
1998; Kahler et al., 1998; Pelleymounter et al., 1995). Interestingly, leptin treatment for
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humans with slight or no mutations of the ob gene have been less encouraging and have
not resulted in the same significant anorexigenic effect and weight loss (Heymsfield et
al., 1999). The production and circulating levels of leptin are generally proportional to
adipose tissue mass (Considine et al., 1996), with obese humans reported to have high
plasma levels of leptin (Schwartz et al., 1996), suggesting the possibility of resistance to
the effects of leptin in human obesity.
Circulating leptin levels are generally associated with longer term influences on energy
intake. However, acute changes in leptin concentrations have also been shown to be
associated with changes in food and beverage intake. For instance, Chapelot and
colleagues (2000) reported strong negative correlations between leptin concentrations
and the initiation of a meal (i.e. a decrease in leptin concentration in response to meal
initiation/consumption).
2.8.4.b.i Effect of Acute Exercise on Leptin
In general, a single bout of exercise of 60 min or less appears to have little or no acute
effect on leptin concentrations. For example, Torjman and collaborators (1999) found
that 60 min of treadmill exercise at 50% of V̇O2Max did not alter leptin concentrations
during a 4 h recovery period in sedentary men. This lack of influence of an acute bout
of exercise on leptin appears independent of exercise intensity. For example, Weltman
and colleagues (2000) reported no significant differences in leptin in response to 30 min
of exercise at intensities above and below the lactate threshold compared with a control
condition both during exercise and recovery in seven healthy normal weight men.
One factor that has been reported to potentially influence the impact of an acute bout of
exercise on leptin concentrations is the overall energy expended during exercise. For
instance, Leal-Cerro and colleagues (1998) reported a reduction in leptin immediately
following a marathon run (approximately 42 km; energy expenditure, 2800 kcal; 11,720
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kJ), in trained male athletes. In further support, an editorial by Considine et al (1997)
suggested that exercise may only influence leptin concentrations at very high levels of
energy expenditure; > 800 kcal (3,348 kJ) (Essig et al., 2000; Leal-Cerro et al., 1998;
Olive & Miller, 2001).
2.8.4.b.ii Effect of Exercise Training on Leptin
Current literature suggests that any change in leptin concentration as a result of exercise
training is largely due to changes in body composition measures. Exercise training
programs that result in minimal or no change in body composition are often associated
with no change in leptin concentrations. For instance, Kraemer et al. (1999) observed
that 9 weeks (3 - 4 times per week) of mixed exercise training (2 days of step aerobics,
remaining 1-2 days of either treadmill running or stationary cycling) in middle aged
obese women, led to no change in either fat mass or leptin concentration. In contrast,
Okazaki and colleagues (1999) reported a reduction in circulating leptin following 12
weeks of light-moderate aerobic exercise training performed at 50% V̇O2Max and
individualised nutritional counselling in 41 inactive middle aged women. Notably, the
lower circulating leptin was associated with a reduction in fat mass and body mass
index (BMI) and suggested that the decrease in leptin levels were likely attributed to the
changes in anthropometrical measures.

Likewise, Fatouros and fellow researchers

(2005) reported a reduction in plasma leptin concentration following 6 months of
resistance training performed three times per week in fifty inactive men in association
with reduced BMI and skinfold measurement scores.
2.8.4.c Pancreatic Polypeptide
Pancreatic polypeptide (PP) is a 36 amino acid peptide mainly secreted by the F cells
situated at the periphery of the pancreatic islets of Langerhans (Adrian, 1978). The
secretion of PP into circulation occurs in response to and proportional to caloric stimuli,
35

resulting in a reduction in food intake (Adrian et al., 1976; Track et al., 1980).
Elevations of circulating PP have also been reported to exert an inhibitory effect on gut
motility (Schmidt et al., 2005). Of interest, individuals with Prader-Willi syndrome,
who are typically obese and express hyperphagic behaviours, have been reported to
have suppressed basal and postprandial PP levels, with its administration leading to
reduced food intake (Berntson et al., 1993).
2.8.4.c.i Effect of Acute Exercise on Pancreatic Polypeptide
In the last three decades, many studies have reported an increase in plasma PP
concentration following acute bouts of exercise (Balaguera-Cortes et al., 2011; Hilsted
et al., 1980; Mackelvie et al., 2007; Martins et al., 2007a; O'Connor et al., 1995;
Sliwowski et al., 2001). An earlier study by Histead et al., (1980) reported a significant
increase in fasting PP levels in response to three hours of stationary cycling performed
at 40% V̇O2Max compared with a control condition involving no exercise in six normal
weight males. In a fed state, Mackelvie et al. (2007) demonstrated that 60 min of
stationary cycling performed at 65% HRMax following a standardised breakfast resulted
in a significant increase in PP concentration when compared with a control condition in
both normal weight and overweight male adolescents. More recently, Balaguera-Cortes
et al. (2011), reported a transient increase in PP in response to a 45 min session of
resistance exercise (free and machine weights) as well as a 45 min session of aerobic
exercise (running) trials compared with a resting control trial in ten normal weight
active men. The effects of exercise training on PP will be discussed later in section
2.8.4.e.
2.8.4.d Peptide Tyrosine-Tyrosine
Peptide tyrosine-tyrosine (PYY), like PP, is a 36 amino acid peptide belonging to the
pancreatic polypeptide fold family. It is synthesized and secreted into circulation from a
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group of gastrointestinal endocrinal cells, called L-cells. Similar to PP, the secretion of
PYY is stimulated by food intake; specifically lipids, fibre and bile that enter the
gastrointestinal tract and is conversely suppressed by fasting (Onaga et al., 2002).
Peptide tyrosine-tyrosine exists in two main forms; PYY1-36 and PYY3-36, with the
latter, a truncated 34 amino acid form created by the cleavage of the N-Terminal
residues by dipeptidyl peptidase IV (DPP-IV) and reported to be the main form of the
peptide in circulation. Exogenous administration of PYY3-36 suppresses appetite and
subsequent food intake (Batterham et al., 2002). In further support of the role of PYY336 in regulating energy homeostasis, fasting levels of PYY3-36 are lower in the obese
compared with lean individuals (Batterham et al., 2003). It has also been shown that
there is an attenuation of postprandial PYY3-36 release in overweight individuals,
resulting in reduced satiety levels, (Batterham et al., 2003).
2.8.4.d.i Effect of Acute Exercise on Peptide Tyrosine-Tyrosine
Research investigating the response of PYY to exercise has steadily increased in the last
few years (Balaguera-Cortes et al., 2011; Broom et al., 2009; Martins et al., 2007a;
Shorten et al., 2009; Ueda et al., 2009a; Ueda et al., 2009b). One of the first studies to
explore the relationship between PYY and exercise was performed by Martins and
colleagues (Martins et al., 2007a). These researchers compared the effects of 60 min of
stationary cycling performed at 65% HRMax with a control (no exercise) condition and
found that PYY levels were significantly elevated during exercise. In support of this
finding, Ueda et al. (2009a), observed an increase in PYY levels in response to 60 min
of cycling at 50% V̇O2Max in both normal weight and obese participants compared with
a control (no exercise) condition.
Interestingly, Broom and colleagues (2009) reported that the type of exercise protocol
may have an influence on the response of PYY to exercise. These researchers observed
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higher concentrations of PYY on the aerobic exercise trial (60 min run) compared with
resistance exercise (90 min free-weight lifting) in healthy men. In support, King et al
(2011) also reported that in response to an acute bout of intense treadmill running (90
min at 70% V̇O2Max), PYY concentrations were higher compared with a control (no
exercise) condition 30 min post exercise in healthy men.
2.8.4.e

Effect of Exercise Training on Pancreatic Peptide and Peptide Tyrosine-

Tyrosine
Only a small number of studies have examined the impact of exercise training on PP
and PYY.

Highlighting the existing disparity, studies have reported that exercise

training has resulted in: no change in both fasting and postprandial PP and PYY levels
(Guelfi et al., 2013) an increase in postprandial PP levels and no change in postprandial
PYY levels (Kanaley et al., 2013); and increases in both postprandial (Kelly et al.,
2009) and fasting PYY levels (Jones et al., 2009; Ueda et al., 2013).
In a recent study, Guelfi and colleagues (2013) studied the effect of either a 12 week, 3
times a week, resistance (free and machine weights) or aerobic (running) training
program compared with a control condition (sedentary lifestyle) in thirty-three inactive
overweight men. Although fat mass following both the exercise intervention conditions
decreased, no significant changes were found in fasting or postprandial PP or PYY
concentrations in response to the intervention. Consistent with these findings, Kanaley
and colleagues (2013) reported no change in postprandial PYY in response to a shortterm aerobic exercise training program (15 consecutive days of 60 min walking at 7075% V̇O2Peak) in thirteen healthy and obese men and women. However, the researchers
did note an increase in postprandial PP following the intervention. A possible reason
for the different response of PP may be the shorter length of the exercise intervention
and mixed sex population studied by Kanaley et al (2013).
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Conversely, others have reported an increase in PYY in response to exercise training
(Jones et al., 2009; Kelly et al., 2009; Ueda et al., 2013). For example, Kelly et al.
(2009) reported an increase in postprandial PYY in response to 12 weeks of exercise
training (5 sessions per week, 60 min per session at 75% V̇O2Max) in insulin resistant
adults. Similarly, Jones et al., (2009) reported an increase in fasting levels of circulating
PYY in response to 32 weeks of training (45 min of aerobic training performed at 6085% V̇O2Max). Consequently, further research is required to examine and isolate the
various factors that may have influenced the differing responses of PP and PYY to
exercise training in these studies.
2.9

Exercise Intensity: The Key to Creating a Short-Term Negative Energy

Balance?
From this review of the literature, it is evident that the benefits of exercise for creating a
negative energy balance may be optimised by manipulating the precise exercise
prescription. In particular, the intensity of the exercise appears to play a vital role in the
regulation of energy intake, with higher intensity exercise resulting in reduced energy
intake (Imbeault et al., 1997; Thivel et al., 2012; Ueda et al., 2009a; WesterterpPlantenga et al., 1997). There is also evidence to suggest that higher intensity exercise
may influence the proposed mechanisms that moderate the relationship between
exercise and energy intake in a direction that should favour suppression of appetite.
2.9.1

Influence of High-Intensity Exercise on Neural Activity

While there has been limited research directly comparing the effect of exercise
intensities (i.e. low-intensity vs. high-intensity exercise) on the food reward pathways of
the brain, it is important to note that the exercise protocols employed in the current
literature that have shown a dampening in the responses of the food reward pathways
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located in the brain were of a high-intensity (Crabtree et al., 2014; Evero et al., 2012).
For instance, Evero and colleagues (2012) compared the acute effect of 60 min of
stationary cycling at 83% maximal heart rate with a no exercise control condition, while
Crabtree and colleagues (2014) compared the effects of running at 70% V̇O2Max with a
no exercise control condition.
2.9.2

Influence of High-Intensity Exercise on Gastric Motility

Much of the current literature suggests that mild to moderate-intensity exercise leads to
an increase or no change in gastric emptying rate (Cammack et al., 1982; Keeling et al.,
1990; Marzio et al., 1991), while high-intensity exercise appears to delay gastric
emptying (Leiper et al., 2001; Neufer et al., 1989; Ramsbottom & Hunt, 1974). This
delay in gastric emptying may contribute to the suppression of energy intake associated
with high-intensity exercise. Some evidence for this notion comes from a study by
Evans and colleagues (2010) who examined the effects of 30 min of rest, cycling at 33%
peak power and ten 60 s sprints performed at peak power separated by 2 min rest
periods on subjective feelings of hunger and gastric emptying in eight healthy weight
individuals (five men and three women). These researchers reported reduced subjective
feelings of hunger during the sprints compared with pre-exercise values and hunger was
negatively correlated with total stomach volume an hour following both exercise
conditions, suggesting a relationship between the rate of gastric emptying and appetite.
However, the relationship between gastric emptying and energy intake in response to
other types of high-intensity exercise or high-intensity, intermittent exercise remains to
be examined.
2.9.3

Influence of High-Intensity Exercise on the Mobilisation of Energy Stores

Given that lactate has been reported to promote short-term satiety during and
immediately post exercise (Nagase et al., 1996), in combination with the fact that high40

intensity exercise has been shown to result in increased levels of blood lactate, it is
possible that exercising at a high-intensity may result in increased satiety signalling
compared with lower intensity exercise. Further studies are needed to explore this
conjecture.
2.9.4

Influence of High-Intensity Exercise on Appetite-Related Hormones

There is evidence to suggest that higher intensity exercise may also influence the
circulating levels of appetite-related hormones in a way that may be favourable for
supressing appetite. For example, Erdmann et al. (2007) reported that cycling at 100 W
resulted in a significant decrease in circulating ghrelin compared with cycling at 50 W.
This effect was independent of exercise duration, highlighting a possible suppression of
hunger when working at a higher intensity. Also demonstrating an influence of exercise
intensity on appetite stimulating hormones, Ueda and colleagues (2009b) reported a
greater rise in the satiety hormone PYY in response to high-intensity exercise (75%
V̇O2Max) compared with moderate-intensity exercise (50% V̇O2Max) in obese young
males. However, as the duration of the exercise sessions were both the same, the
increase in PYY levels observed may have been the result of the greater energy
expended during the higher intensity bout of exercise. Future studies are required to
confirm this.
The precise mechanisms by which exercise intensity may influence the circulating
concentrations of appetite-related hormones is not known, however, it is possible that
alterations in splanchnic (gastrointestinal) blood flow and the augmentation of
sympathetic nervous system activity may play a role. With respect to the former, it has
been proposed that there is an inverse relationship between splanchnic (gastrointestinal)
blood flow and the intensity of exercise performed (Boutcher, 2010). Specifically, there
is ~60% decrease in splanchnic blood flow in participants exercising at 70% V̇O2Max,
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and up to an 80% decrease when maximal exercise is performed (Clausen, 1977).
Boutcher (2010) proposed that as blood is redistributed away from the gastrointestinal
tract to working skeletal muscle, this may be accompanied by changes to the levels of
appetite-related regulating gut hormones, potentially leading to a suppressive effect on
energy intake. Others have also suggested that the diversion of blood flow away from
the gastrointestinal tract is the most likely cause of circulating acylated ghrelin
suppression in response to strenuous exercise (Broom et al., 2007).
Furthermore, it has been suggested that an increase in the activation of the sympathetic
nervous system and the relative inactivity of the vagus nerve (parasympathetic system)
at higher exercise intensities may lead to a significant decrease in circulating
concentrations of acylated ghrelin (Shiiya et al., 2011).

This is suggested to be

mediated by a decrease in the activation of ghrelin O-acyltransferase (GOAT), which is
reported to responsible for the acylation of ghrelin (Yang et al., 2008).
2.10

High-Intensity, Intermittent Exercise

Considering the supporting evidence for a greater suppression of energy intake
following exercise of higher-intensity, this raises the question of whether very highintensity exercise (i.e. supramaximal; >100 V̇O2Max) may lead to a more pronounced
suppression of subsequent energy consumption. However, it is important to consider
individual capabilities when using this form of high-intensity exercise. Specifically,
this form of exercise may not be sustainable in a sedentary and/or overweight
population. However, an alternative to the performance of continuous high-intensity
exercise may be the use of high-intensity, intermittent exercise.
High-intensity, intermittent exercise involves the performance of brief bouts of highintensity exercise interspersed with periods of recovery that may be either passive or
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active, albeit at lower intensities (Gibala & McGee, 2008). The physiological demands
of high-intensity, intermittent exercise allows for exercise to be performed at a higher
absolute intensity compared with exercise performed for a sustained period. Initially
used for several years by athletes to improve sporting performance (Laursen & Jenkins,
2002), the unique characteristics of high-intensity, intermittent exercise may also allow
unconditioned and overweight individuals to perform and tolerate exercise at a higher
intensity and may represent an achievable exercise alternative for this population. Of
importance, besides allowing individuals to work at higher intensities, the use of highintensity, intermittent exercise has also been shown in some studies to be more
enjoyable and more likely to be adhered to when compared to continuous exercising
(Bartlett et al., 2011).
In recent years, the use of high-intensity, intermittent exercise has gained increasing
popularity (Thompson, 2013). Importantly, studies have consistently reported that highintensity, intermittent exercise is an effective form of exercise for improving a number
of comorbidities of obesity and cardiovascular risk factors such as adiposity levels,
blood pressure, insulin sensitivity, body mass index, and maximum aerobic capacity
(Boutcher, 2010; Kessler et al., 2012). Notably, while there has been an understandably
growing body of literature investigating the effects of this form of exercise on health
and fitness parameters, there has been surprisingly limited research that has examined
both the acute and exercise training effects of high-intensity, intermittent exercise on
energy intake and appetite regulation.
In support of the implementation of high-intensity, intermittent exercise, Crisp et al
(2012) recently demonstrated that this form of exercise, which in this case consisted of
maximal 4s sprints repeated every minute with moderate-intensity exercise performed
between sprints, resulted in the suppression of post-exercise energy intake in overweight
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boys compared with a continuous bout of moderate-intensity exercise alone.
Furthermore, a recent study by Deighton et al., (2012) investigated the acute effect of
intermittent sprint efforts on appetite and energy intake. These researchers found no
difference in absolute energy intake after a single bout of high-intensity, intermittent
exercise (consisting of six 30 s sprints performed over 30 min) compared with 60 min of
continuous moderate-intensity endurance exercise and a resting control in normalweight individuals. However, it should be noted that these exercise protocols were not
matched for energy expenditure. In another study by the same researchers, the impact
of 60 min of continuous, moderate-intensity cycling at 60% V̇O2Max was compared with
60 min of high-intensity, intermittent exercise (10 x 4 min cycling intervals completed
at 86% V̇O2Max with 2 min rest periods between each interval) in normal weight active
healthy males (Deighton et al., 2013). These researchers found that i) hunger ratings
were transiently suppressed during high-intensity, intermittent exercise, ii) satiety
hormone (PYY3–36) concentrations were significantly increased immediately after the
continuous exercise session, but highest after high-intensity, intermittent exercise,
although iii) ad-libitum energy intake did not differ between the conditions.
Given that body composition (Durrant et al., 1982), aerobic fitness and activity levels
(Jokisch et al., 2012) have been shown to influence the acute effect of exercise on
subsequent energy intake, it remains to be determined whether the acute performance of
maximal/supramaximal (≥100 V̇O2Max) high-intensity, intermittent exercise affects
appetite and energy intake in overweight and inactive individuals. Optimal exercise
prescription for this target population is important, given the numerous health
conditions associated with overweight and obesity. Importantly, there have been no
studies to date that have examined the effects of high-intensity, intermittent exercise
training on energy intake and appetite. Notably, the available evidence suggests that
exercise training may result in improved appetite regulation and that exercise intensity
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appears to be important in providing a favourable effect on energy intake and appetite
(i.e. suppresses energy intake and hunger).

Whether these findings translate into

benefits in response to regular high-intensity, intermittent exercise training, especially in
overweight and inactive individuals remains to be determined.
2.11

Statement of the Problem

In summary, the benefits of exercise for energy intake and appetite regulation may be
optimised by manipulating the intensity of exercise. That is, high-intensity exercise
appears to attenuate post-exercise energy intake and influence the circulating levels of
appetite-related hormones in a direction that appears favourable for the suppression of
appetite. However, prolonged, high-intensity exercise may not be sustainable in a
sedentary and/or overweight population.

An alternative to the performance of

prolonged, high-intensity exercise is high-intensity, intermittent exercise. However,
there is limited research on the effect of both acute and longer term performance of this
form of exercise on energy intake and appetite regulation.
Therefore the primary aim of this thesis was to examine the acute and longer term
influence of high-intensity, intermittent exercise compared with traditional moderateintensity, continuous exercise on subsequent energy intake, perceptions of appetite and
appetite-related blood variables in sedentary, overweight men. The findings of this
research may have implications for current exercise guidelines and prescription relating
to exercise for weight management. This in turn may benefit the overweight or obese
individual living with major health risks, as well as the global community dealing with
the burden of the current obesity pandemic.

45

2.12

Research Aims and Research Hypotheses

The specific research aims of this thesis are:
 To compare the acute effects of two different 30 min high-intensity, intermittent
exercise protocols (very high vs. high-intensity intervals) with moderate-intensity,
continuous exercise of matched total work on subsequent energy intake, perceptions
of appetite and appetite-related blood variables in a group of sedentary and
overweight men.
 To examine the effect of 12 weeks of supervised high-intensity, intermittent exercise
training compared with moderate-intensity, continuous exercise training on appetite
regulation, aerobic fitness, physical activity enjoyment and body composition in
previously sedentary overweight men.
The hypotheses relating to these research aims are that:


A single bout of high-intensity, intermittent exercise will result in an acute
suppression of energy intake post-exercise when compared with moderate-intensity,
continuous exercise and rest in previously sedentary, overweight men.



Twelve weeks of supervised exercise will have a beneficial effect on appetite
regulation (i.e. promote more sensitive eating behaviour in response to prior energy
consumption) compared with a no-exercise control, but that the improvement will
be greater in response to high-intensity, intermittent exercise training compared
with moderate-intensity, continuous exercise training in sedentary overweight men.
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2.13

Organisation of the Thesis

Subsequent to the General Introduction, Literature Review and Research Aims and
Hypotheses (Chapter 1 and 2) are two chapters, The Effect of High-Intensity,
Intermittent Exercise on Ad-libitum Energy Intake in Sedentary, Overweight Men
(Chapter 3) and The Effects of High-Intensity, Intermittent Exercise Training on
Appetite Regulation in Sedentary, Overweight Men (Chapter 4) which are based on
manuscripts prepared for publication that address the research aims of this thesis. The
final chapter General Discussion (Chapter 5) provides an integration of the key findings
of this thesis and includes clinical implications and directions for future research.

47

Chapter 3
The Effect of High-intensity, Intermittent Exercise on
Ad-libitum Energy Intake in Sedentary, Overweight Men
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Based on manuscript reviewed and published in the International Journal of Obesity

Sim, A. Y., Wallman, K. E., Fairchild, T, J., Guelfi, K. J. (2014). High-Intensity,
Intermittent Exercise Attenuates Ad-libitum Energy Intake. International Journal of
Obesity, 38 (3) 417- 422.
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3.1

Abstract

Objective: To examine the acute effects of high-intensity, intermittent exercise on
energy intake, perceptions of appetite and appetite-related hormones in sedentary,
overweight men.
Design: Seventeen overweight men (BMI: 27.7 ± 1.6 kg/m2; body mass: 89.8 ± 10.1 kg;
body fat: 30.0 ± 4.3%; V̇O2Peak: 39.2 ± 4.8 mL.kg-1.min-1) completed four 30 min
experimental conditions using a randomised counterbalanced design. CON: Resting
control, MC: Moderate-intensity continuous exercise (60% V̇O2Peak), HI: High-intensity,
intermittent exercise (alternating 60 s at 100% V̇O2Peak, 240 s at 50% V̇O2Peak), VHI:
Very high-intensity, intermittent exercise (alternating 15 s at 170% V̇O2Peak, 60 s at 32%
V̇O2Peak). Participants consumed a standard caloric meal following exercise/CON and
an ad-libitum meal 70 min later. Capillary blood was sampled and perceived appetite
assessed at regular time intervals throughout the session. Free-living energy intake and
physical activity levels for the experimental day and the day after were also assessed.
Results: Ad-libitum energy intake was lower after HI and VHI compared with CON (P
= 0.038 and P = 0.004, respectively) and VHI was also lower than MC (P = 0.028).
Free living energy intake in the subsequent 38 h remained less after VHI compared with
CON and MC (P ≤ 0.050). These observations were associated with lower active
ghrelin (P ≤ 0.050), higher blood lactate (P ≤ 0.014) and higher blood glucose (P ≤
0.020) after VHI compared with all other trials. Despite higher heart rate and RPE
during HI and VHI compared with MC (P ≤ 0.004), ratings of physical activity
enjoyment were similar between all exercise trials (P = 0.593). No differences were
found in perceived appetite between trials.
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Conclusions: High-intensity, intermittent exercise suppresses subsequent ad-libitum
energy intake in overweight inactive men. This format of exercise was found to be well
tolerated in an overweight population.
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3.2

Introduction

Exercise plays a prominent role in improving co-morbidities of obesity (Ross et al.,
2000), as well as contributing to a negative energy balance by increasing energy
expenditure (Catenacci & Wyatt, 2007; Okay, 2009). Importantly, exercise has also
been shown to assist in weight management by directly influencing the total amount of
energy consumed, the circulating concentration of a number of appetite-related
hormones and feelings of hunger and satiety (Balaguera-Cortes et al., 2011; Crisp et al.,
2012; Guelfi et al., 2013). In particular, manipulation of the intensity and type of
exercise employed may alter appetite-related measures. In support of this view, a recent
study reported reduced ad-libitum energy intake at a lunch and dinner meal following a
bout of stationary cycling performed at high-intensity (75% V̇O2Max) compared with an
equicaloric bout of low intensity exercise (40 % V̇O2Max) in obese adolescents (Thivel et
al., 2012). There is also evidence to suggest that the intensity of exercise may influence
the circulating levels of appetite-related hormones. Erdmann and colleagues (Erdmann
et al., 2007) reported that cycling at 100 W was associated with lower ghrelin (hunger
stimulating hormone) compared with cycling at 50 W. Likewise, Ueda and colleagues
(2009b) showed a greater rise in the satiety hormone peptide tyrosine-tyrosine (PYY) in
response to high (75% V̇O2Max) compared with moderate-intensity (50% V̇O2Max)
exercise.
Prolonged and continuous high-intensity exercise may however, not be sustainable in a
sedentary overweight population. An alternative may be the use of high-intensity,
intermittent exercise which involves the performance of short bouts of high-intensity
exercise interspersed with periods of exercise at lower intensities. This form of exercise
has recently gained increasing popularity, given the significant improvements in many
co-morbidities of obesity (Kessler et al., 2012). In support of the implementation of
52

high-intensity, intermittent exercise, we have recently shown that high-intensity,
intermittent exercise, consisting of maximal 4 s sprints repeated every minute with
moderate-intensity exercise between sprints suppressed post-exercise energy intake in
overweight boys compared with a continuous bout of moderate-intensity exercise alone.
In addition, participants reported that they preferred to participate in high-intensity,
intermittent exercise rather than moderate-intensity, continuous exercise, despite the fact
that the high-intensity, intermittent exercise involved a greater total amount of work
(Crisp et al., 2012). Furthermore, the role of the gastrointestinal hormones in regulating
appetite following high-intensity, intermittent exercise has not previously been
examined, and whether similar suppression of appetite would be observed in overweight
adults when performing a matched amount of total work is not known.
The primary aim of this study was to investigate the acute effects of high-intensity,
intermittent exercise compared with moderate-intensity, continuous exercise of matched
total work cost on subsequent energy intake, appetite-related hormones and perceptions
of appetite in a group of sedentary, overweight men. The secondary aim of the study
was to compare the effects of two distinctively different protocols of intermittent
exercise (i.e. very high-intensity vs. high-intensity intermittent exercise) on appetite and
eating behaviour. It is hypothesized that the very high-intensity intermittent exercise
protocol would result in a greater suppression of appetite and ad-libitum energy intake
compared with the high-intensity intermittent exercise protocol.
3.3

Methods

3.3.1

Participants

Seventeen overweight, physically inactive men (age: 30 ± 8 y; BMI: 27.7 ± 1.6 kg/m 2;
body mass: 89.8 ± 10.1 kg; body fat: 30.0 ± 4.3%; V̇O2Peak: 39.2 ± 4.8 mL.kg-1.min-1;
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resting metabolic rate: 8,021 ± 843 kJ) volunteered from the community through
advertisement (flyers, posters, social media, and email). The sample size was based on
previous research investigating the reproducibility and power of an ad-libitum meal to
detect a 500 kJ difference in energy intake utilising a paired study design (Gregersen et
al., 2008). Inclusion criteria were a BMI of 25.0 to 29.9 kg/m2 and physical inactivity;
defined as performing ≤ two 30-min exercise sessions of moderate to vigorous intensity
per week (National Physical Activity Guidelines for Australia, 2005). Exclusion criteria
were a history of medical conditions and/or eating disorders known to affect appetite, or
a score ≥ 3.5 on the restraint scale of the Dutch Eating Behaviour Questionnaire (Van
Strien et al., 1986). Written consent was given by all participants (Appendix A) and the
study was approved by the Human Research Ethics Committee at The University of
Western Australia.
3.3.2

Study Design

Participants attended the laboratory for an initial familiarisation session and collection
of baseline data.

Participants then completed four experimental trials using a

randomised counterbalanced design. The experimental trials comprised of 30 min of i)
MC: Continuous exercise performed at moderate-intensity (60% V̇O2Peak) ii) HI:
Intermittent exercise consisting of alternating high and lower intensity efforts performed
at a ratio of 1:4, respectively (60 s at 100% V̇O2Peak: 240 s at 50% V̇O2Peak), iii) VHI:
Intermittent exercise consisting of alternating very high-intensity and lower intensity
efforts performed at a ratio of 1:4, respectively (15 s at 170% V̇O2Peak: 60 s at 32%
V̇O2Peak) and iv) CON: Control trial involving supine rest. The total mechanical work
performed across each exercise protocol was matched.

Experimental trials were

performed at the same time of day and on the same day of the week with a minimum of
one week between visits. Primary outcome measures included post-exercise ad-libitum
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energy intake, changes in plasma concentrations of appetite-related hormones following
a standard caloric load, and ratings of perceived appetite.
3.3.3

Baseline Testing and Familiarisation

The initial laboratory session included measurement of height and body composition
using a GE Lunar Prodigy Vision Dual-energy X-ray absorptiometry machine (GE
Medical Systems, Madison, WI). Each participant’s peak aerobic capacity (V̇O2Peak)
was assessed using a continuous incremental cycling test performed on a calibrated
front-access, air-braked cycle ergometer (Model EX-10, Repco Cycle, Huntingdale,
Victoria, Australia) that was interfaced with a customised software program (Cyclemax,
School of Sport Science, Exercise and Health, The University of Western Australia)
which provided a continuous record and visual display of cycling power output and total
mechanical work. This test involved a starting workload of 50 W that increased by 30
W every 3 min until volitional exhaustion. Throughout this test, each participant wore a
heart rate (HR) monitor and breathed through a mouthpiece that was connected to a
calibrated computerised gas analysis system (previously described (West et al., 2012)).
Following the V̇O2Peak test, participants were familiarised with the experimental
protocols including a series of questionnaires to be administered during each trial and
blood sampling.

Using data from the V̇O2Peak test, each participant’s V̇O2-Power

relationship was determined to calculate the cycling power output required to elicit the
appropriate exercise intensity for the experimental trials. Participants then completed 2
min of each exercise protocol. Finally, to minimise the novelty of having a meal in a
laboratory environment, participants were presented with a familiarisation breakfast test
meal. To ensure there was no hedonic bias related to the test meal, a standard ninepoint hedonic scale was completed after its consumption (hedonic rating: 7 ± 1)
(Peryam & Pilgrim, 1957) (Appendix F).
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3.3.4

Experimental Trials

In the 24 h leading up to each experimental trial, participants were required to refrain
from vigorous physical activity and to document all food and drink consumption. The
dietary information was reviewed by the investigator upon arrival to the laboratory and
participants were instructed to replicate their food and drink intake prior to each
subsequent trial.

A reminder was given prior to each trial and compliance was

confirmed by inspection of the records upon arrival to the laboratory.
On the morning of each trial, participants arrived at 0700 h having fasted for 10 h (apart
from consuming 250 mL of water between waking up and arriving at the laboratory).
Participants then either performed the resting control protocol (CON) or one of the
exercise protocols (MC, HI, VHI).

The exercise intensities were confirmed by

monitoring cycling power output and total work. HR was measured and participants’
ratings of perceived exertion (RPE) were measured periodically using the Borg scale
(Borg, 1982). On completion of each trial, enjoyment of physical activity was assessed
using the Physical Activity Enjoyment Scale (PACES) (Kendzierski & DeCarlo, 1991).
Five minutes following exercise or CON, each participant was provided with a
standardised liquid meal (350 ml, 1120 kJ; 61% carbohydrates, 17% protein, and 17%
fat; Up & Go® liquid breakfast, Sanitarium™) to consume in a 2 min period to allow
for subsequent comparison of the postprandial responses of appetite-related blood
variables and perceived appetite between trials. During this time (60 min postprandial),
participants sat quietly either reading or using a computer.

Then 70 min after

consumption of the liquid meal, participants were provided with a second meal for a
fixed duration of 20 min. During this period, participants were instructed to eat adlibitum until a self-regulated satisfactory level of satiety was reached (i.e. “eat till
comfortably full”). This meal consisted of porridge made from a standardised mixture
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of instant oats (Oats Quick Sachet - Creamy Honey, Uncle Tobys®) and milk (HiLo
Milk, Pura®). This laboratory meal has been previously reported to have a test-retest
correlation of 0.91(West et al., 2012). A standardised bottle of plain drinking water
(~1000 ml) was also made available during this time. The breakfast porridge and
drinking water were weighed before and re-weighed after consumption. To minimise
the influence of environmental factors on eating behaviour (Wansink, 2004), (i)
participants always consumed from the same bowl, (ii) the investigator left the nutrition
laboratory during consumption, (iii) the ambient temperature was controlled (21 to 23
°C), (iv) the amount of porridge provided was the same in each trial and (v) more than a
sufficient amount was provided (i.e. eight serves of oats and milk mixture).
3.3.5

Assessment of Perceptions of Appetite

Perceptions of appetite were assessed using a modified visual analogue scale (VAS)
(Hill & Blundell, 1982) at (i) baseline (ii) immediately post-exercise/CON, (iii) 30 min
post standard meal, (iv) 60 min post-standard meal and (v) post-ad-libitum meal. The
VAS took the form of five straight lines (100 mm), each accompanied by a question
anchored with words representing opposing extreme states of fullness, hunger, satiation,
desire to eat and prospective food consumption at either end (Appendix E).
3.3.6

Assessment of Appetite-Related Blood Variables

To determine the endocrinal and metabolic factors reported to be involved in the
regulation of energy intake, capillary blood was sampled at the following time points:
(i) baseline (ii) immediately post-exercise/CON, (iii) 30 min post-standard meal, (iv) 60
min post standard meal. Blood (500 µl) was collected from a warmed fingertip using a
sterile lancet (Unistick 2 Normal; Owen Mumford, Oxford, UK). Blood glucose and
lactate concentrations were measured using a blood gas analyzer (35 µL; Radiometer,
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Copenhagen,

Denmark).

The

remaining

blood

was

treated

with

ethylenediaminetetraacetic acid (EDTA), (Microtainer tubes with K2E (K2EDTA), BD
Microtainer, Franklin Lakes, N.J., USA) and serine protease inhibitor (20 µl per 500 µl
of blood; Pefabloc SC, Roche Diagnostics, NSW, Australia) before being centrifuged at
1020 g for 10 min. Plasma obtained was stored at -80°C and later analysed for a range
of appetite-related hormones: PYY, pancreatic polypeptide (PP), active ghrelin, leptin,
insulin; using a commercially available assay kit (Milliplex Human Gut Hormone
Panel; Millipore Corporation, Billerica, MA).
3.3.7

Assessment of Free-Living Energy Intake and Physical Activity Levels

Energy intake and physical activity levels were assessed for the remainder of the
experimental day, as well as the next day using a self-recorded food diary (Appendix D)
and accelerometry (ActiGraph, Florida, USA) respectively. Instructions on the use
(including a 1 day example) and the necessity for accurate and detailed recordings of
energy intake immediately after consumption were emphasised.

Participants were

provided with portable weighing scales to assist recording. The total kilojoules ingested
and macronutrient quantities were calculated using a commercially available software
program (Foodworks; Xyris Software, Queensland, Australia). The total number of
steps and estimated energy expenditure through physical activity were determined using
ActiLife software (ActiGraph, Florida, USA).
3.3.8

Statistical Analysis

One-way analysis of variance (ANOVA) with repeated measures was used to assess the
effect of trial on ad-libitum energy intake and physical activity enjoyment. Changes in
blood variables, free living energy intake and physical activity and perceptions of
appetite were compared using two-way (trial x time) repeated measures ANOVA. Post
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hoc pairwise comparisons using Bonferonni adjustments were used to determine where
any differences lay. Statistical significance was accepted at P ≤ 0.05 (SPSS version 20,
IBM Corporation, Armonk, N.Y., USA).
3.4

Results

3.4.1

Exercise Characteristics

Energy intake and expenditure from physical activity in the 24 h prior to each
experimental session were well-matched (energy intake: CON 9687 ± 3565, MC 9619 ±
3495, HI 9551 ± 3597, VHI 9609 ± 3488 kJ; P = 0.852; energy expenditure: CON 1917
± 930, MC 1885 ± 888, HI 1870 ± 958, VHI 1907 ± 995 kJ; P = 0.914). Likewise, there
were no differences in environmental characteristics between trials (temperature: CON
21.1 ± 0.6, MC 21.1 ± 0.4, HI 20.9 ± 0.6, VHI 21.1 ± 0.4°C; P = 0.624; humidity: CON
49 ± 10, MC 47 ± 8, HI 42 ± 9, VHI 47 ± 7%; P = 0.146) or the total mechanical work
performed (P ≥ 0.05; Table 3.1). There was a main effect of trial for both HR and RPE
(P < 0.001), with a higher HR and RPE during the exercise trials compared with CON
(P < 0.001; Table 3.1), however, the increase was greater with HI and VHI compared
with MC (P ≤ 0.004) and RPE was greater in VHI compared with HI (P = 0.028).
Physical activity enjoyment was similar between the exercise trials (MC 85 ± 13, HI 86
± 11, VHI 82 ± 17; P = 0.593).
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Table 3.1 - Descriptive characteristics of 30 min of rest (CON), moderate-intensity,
continuous exercise (MC), high-intensity, intermittent exercise (HI) and very highintensity, intermittent exercise (VHI).

Mechanical Work Done
(kJ)
Average RPE *
Average Heart Rate *
(bpm)

CON

MC

HI

VHI

-

228 ± 44

229 ± 43

226 ± 44

6±1

12 ± 1 a

14 ± 2 a,b

15 ± 1 a,b,c

68 ± 5

127 ± 10 a

151 ± 12 a,b

153 ± 13 a,b

Values presented as mean ± SD; (n = 17). *Main effect of trial, P ≤ 0.05. RPE, Rating
of Perceived Exertion. aSignificantly greater than CON. bSignificantly greater than MC.
c

Significantly greater than HI. (P ≤ 0.05).
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3.4.2

Post-Exercise Ad-libitum Energy Intake

There was a main effect of trial on ad-libitum energy intake (P < 0.001; Table 3.2).
Post hoc analysis revealed that energy intake was lower following HI and VHI
compared with CON (P = 0.038 and P = 0.004 respectively). Ad-libitum energy intake
after VHI was also found to be lower compared with MC (P = 0.028). Of note, there
was a main effect of trial on water intake at the ad-libitum meal (P = 0.003), with higher
water intake following MC (327 ± 164 ml) compared with CON (195 ± 121 ml) (P =
0.001).
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Table 3.2 – Ad-libitum energy intake following 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI) .

Ad-libitum energy intake
(kJ) *

CON

MC

HI

VHI

3198.6

2973.9

2601.7

2488.4

±

±

±

±

1641.9

1369.9

1085.8 a

1201.5 a,b

Values presented as mean ± SD; (n = 17). *Main effect of trial, P ≤ 0.05. aSignificantly
different from CON. bSignificantly different from MC. (P ≤ 0.05).
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3.4.3

Perception of Appetite

There was no interaction of trial and time on ratings of perceived hunger (P = 0.630;
Figure 3.1), fullness (P = 0.102; Figure 3.2), satiation (P = 0.520; Figure 3.3) desire to
eat (P = 0.337; Figure 3.4) or prospective food consumption (P = 0.157; Figure 3.5).
However, there was a main effect of time for each of these variables (P < 0.001) with
increased fullness (Figure 3.2) and satiation (Figure 3.3) along with decreased hunger
(Figure 3.1), desire to eat (Figure 3.4) and prospective food consumption (Figure 3.5)
following the ad-libitum test meal.
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Time (min)

Figure 3.1 - Mean (±SE) perceived hunger following 30 min of very high-intensity,
intermittent exercise (VHI), high-intensity, intermittent exercise (HI), moderateintensity, continuous exercise (MC) or rest (CON) (n = 17). The downward arrow ()
and upward arrow () indicates the timing of the standard liquid meal and ad-libitum
meal respectively. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.2 - Mean (±SE) perceived fullness following 30 min of very high-intensity,
intermittent exercise (VHI), high-intensity, intermittent exercise (HI), moderateintensity, continuous exercise (MC) or rest (CON) (n = 17). The downward arrow ()
and upward arrow () indicates the timing of the standard liquid meal and ad-libitum
meal respectively. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.3 - Mean (±SE) perceived satiation following 30 min of very high-intensity,
intermittent exercise (VHI), high-intensity, intermittent exercise (HI), moderateintensity, continuous exercise (MC) or rest (CON) (n = 17). The downward arrow ()
and upward arrow () indicates the timing of the standard liquid meal and ad-libitum
meal respectively. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.4 - Mean (±SE) perceived desire to eat following 30 min of very high-intensity,
intermittent exercise (VHI), high-intensity, intermittent exercise (HI), moderateintensity, continuous exercise (MC) or rest (CON) (n = 17). The downward arrow ()
and upward arrow () indicates the timing of the standard liquid meal and ad-libitum
meal respectively. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.5 - Mean (±SE) prospective food consumption following 30 min of very highintensity, intermittent exercise (VHI), high-intensity, intermittent exercise (HI),
moderate-intensity, continuous exercise (MC) or rest (CON) (n = 17). The downward
arrow () and upward arrow () indicates the timing of the standard liquid meal and adlibitum meal respectively. #Significantly different from baseline. (P ≤ 0.05).
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3.4.4

Appetite-Related Blood Variables

An interaction of trial and time on blood lactate (P < 0.001) revealed higher levels after
VHI followed by HI, MC and CON (P ≤ 0.014; Figure 3.6). Blood lactate remained
higher in VHI compared with the other trials (P ≤ 0.014) following 35 min of recovery,
and remained higher than CON up to 65 min post-exercise (P = 0.046). Likewise, there
was an interaction effect of trial and time on blood glucose concentrations (P = 0.004).
Blood glucose was higher after VHI exercise compared with CON, MC and HI (P ≤
0.015; Figure 3.7). There was also a significant main effect of time (P < 0.001), with
increased blood glucose in response to meal consumption.
There was an interaction effect of trial and time on the circulating levels of active
ghrelin (P = 0.001), with lower active ghrelin levels immediately post VHI compared
with CON, MC and HI (P ≤ 0.050; Figure 3.8). There was also a main effect of time on
active ghrelin (P = 0.001), with lower levels at 35 min (P = 0.007) and 65 min postexercise (P = 0.007) compared with baseline. In contrast, there was no interaction of
trial and time on leptin (P = 0.400), PP (P = 0.281), insulin (P = 0.705), or PYY (P =
0.148). However, there was a main effect of time for each of these variables with
increased PP (P ≤ 0.004; Figure 3.10), insulin (P ≤ 0.003; Figure 3.11) and PYY (P ≤
0.037; Figure 3.12)) in response to caloric consumption, while leptin decreased over
time (P ≤ 0.007; Figure 3.9).
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Time (min)

Figure 3.6 - Mean (± SE) response of blood lactate to 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI). The downward arrow () indicates the
timing of the standard liquid meal. aSignificantly different from CON. bSignificantly
different from MC. cSignificantly different from HI. #Significantly different from
baseline. (P ≤ 0.05).
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Time (min)

Figure 3.7 - Mean (± SE) response of blood glucose to 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI). The downward arrow () indicates the
timing of the standard liquid meal. aSignificantly different from CON. bSignificantly
different from MC. cSignificantly different from HI. #Significantly different from
baseline. (P ≤ 0.05).
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Time (min)

Figure 3.8 - Mean (± SE) response active ghrelin to 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI). The downward arrow () indicates the
timing of the standard liquid meal. aSignificantly different from CON. bSignificantly
different from MC. cSignificantly different from HI. #Significantly different from
baseline. (P ≤ 0.05).
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Time (min)

Figure 3.9 - Mean (± SE) response of leptin to 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI). The downward arrow () indicates the
timing of the standard liquid meal. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.10 - Mean (± SE) response of PP to 30 min of rest (CON), moderate-intensity,
continuous exercise (MC), high-intensity, intermittent exercise (HI) or very highintensity, intermittent exercise (VHI). The downward arrow () indicates the timing of
the standard liquid meal. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.11 - Mean (± SE) response of insulin to 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI). The downward arrow () indicates the
timing of the standard liquid meal. #Significantly different from baseline. (P ≤ 0.05).
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Time (min)

Figure 3.12 - Mean (± SE) response of PYY to 30 min of rest (CON), moderateintensity, continuous exercise (MC), high-intensity, intermittent exercise (HI) or very
high-intensity, intermittent exercise (VHI). The downward arrow () indicates the
timing of the standard liquid meal. #Significantly different from baseline. (P ≤ 0.05).
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3.4.5

Free Living Energy Intake and Physical Activity

A main effect of trial (P < 0.001) revealed lower daily energy intake (includes both
standard and ad-libitum test meal) after VHI compared with CON and MC (P = 0.003
and P = 0.010, respectively; Figure 3.13A). There was also a main effect of time (day)
(P = 0.014), with higher total energy intake on the day of the trial compared with the
day after the trial. In contrast, there was no effect of trial or time on estimated energy
expenditure from physical activity upon leaving the laboratory (P = 0.710; Figure
3.13B).
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Figure 3.13 - Mean (± SE) estimated free living energy intake (A) and estimated free
living physical activity (B) over two days (day of trial and day after trial) following 30
min of rest (CON), moderate-intensity, continuous exercise (MC), high-intensity,
intermittent exercise (HI) or very high-intensity, intermittent exercise (VHI). (n = 17)
a

Significantly different from CON. bSignificantly different from MC

#

Significantly

different between days. (P ≤ 0.05).
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3.5

Discussion

The present study investigated the acute effects of high-intensity, intermittent exercise
compared with moderate-intensity, continuous exercise or rest on subsequent energy
intake in sedentary overweight men. Total ad-libitum energy intake after HI and VHI
was lower compared with CON, and energy intake following VHI was also lower than
MC. These observations were associated with lower active ghrelin and higher blood
glucose concentrations following VHI compared with the other trials, and higher blood
lactate concentrations after HI and VHI compared with MC and CON. Importantly, the
suppression of energy intake after VHI compared with CON and MC was maintained
for more than 24 h.
This study is the first to demonstrate a suppression of energy intake following an acute
bout of exercise consisting of very high-intensity, intermittent efforts (≥ 100% V̇O2Peak)
in overweight men. The experimental design of this study, in particular the use of
distinctively different exercise intensities during exercise trials matched for total work
(i.e. MC, HI, VHI; 60%, 100%, 170% V̇O2Peak respectively), allowed us to examine the
impact of the intensity of interval training may have on post-exercise energy intake.
Our results show that there was a more pronounced suppression of energy intake as the
intensity of the intervals employed increased (i.e. VHI resulted in the greatest
suppression of energy intake) and suggest that exercise intensity mediates subsequent
energy intake, at least in the short-term. To the authors’ knowledge, only one other
study has investigated the effect of intermittent sprint efforts on energy intake and its
regulation. Deighton and colleagues (2013a) found no difference in energy intake after
a bout of high-intensity, intermittent exercise consisting of six 30 s sprints over 30 min
compared with 60 min of endurance exercise and rest.

However, these exercise

protocols were not matched for work, consisted of a lower volume of sprint efforts
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compared to the present study and was performed in normal weight individuals.
Surprisingly, we observed no difference in perceived appetite ratings between trials
despite the suppression of ad-libitum energy intake after high-intensity, intermittent
exercise. The reason for this is unclear, although previous research has shown that
feelings of appetite may not always reflect actual food intake (Mattes, 1990).
A number of mechanisms may contribute to the lower energy intake following HI and
VHI. In the current study, circulating active ghrelin was transiently lower following
VHI compared with all other trials.

Notably, the reduction in the circulating

concentration of active ghrelin after high-intensity, intermittent exercise is consistent
with the findings of Deighton and colleagues (2013a), who reported a suppression of
active ghrelin after 30 min of sprint interval exercise. Given that active ghrelin has been
shown to exert an orexigenic influence on energy intake and has a role in initiating
feeding (Wynne et al., 2005), the lower active ghrelin may partly explain the
suppression of energy intake following VHI. Diversion of blood flow away from the
gastrointestinal tract has been suggested to be a likely cause of circulating active ghrelin
suppression in response to exercise (Broom et al., 2007). Of relevance, it has been
reported that gastrointestinal blood flow may be reduced by up to about 80% during
maximal intensity exercise (Clausen, 1977). Another possible mechanism that may
explain the effect of high-intensity, intermittent exercise on energy intake is the
circulating concentration of two key metabolites, lactate and glucose.

The high-

intensity, intermittent exercise trials adopted in the current study resulted in higher postexercise blood lactate compared with MC and CON, which persisted 1 h post VHI
compared with CON. Given that elevated blood lactate has been reported to suppress
energy intake (Lam et al., 2008; Nagase et al., 1996), the comparatively higher levels of
blood lactate during the high-intensity, intermittent exercise sessions may, to some
extent, contribute to the suppressed ad-libitum energy intake. Blood glucose levels
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post-exercise were also higher after VHI compared with CON, MC and HI.
Specifically, an increase in circulating blood glucose levels has been shown to reduce
short term food intake (Friedman, 1995; Scheurink et al., 1999).
While acute changes are interesting, whether these changes are maintained past the
post-exercise meal is relevant to better understand how exercise affects free living
energy intake. While no differences in daily physical activity were noted upon leaving
the laboratory, differences were observed in daily energy intake between trials, with
total energy intake over the subsequent two days after the VHI trial lower compared
with CON and MC. This finding corroborates the observations of Thivel and colleagues
(2012), who reported that a single bout of high-intensity exercise suppressed
spontaneous energy intake in the subsequent 24 h compared with either a single bout of
lower intensity exercise or rest in obese adolescents.
Finally, as enjoyment of physical activity has been reported to be a key factor in
physical activity performance and exercise adherence (Hagberg et al., 2009; Ryan et al.,
1997), the present study aimed to assess enjoyment of the different exercise trials.
While others have reported high-intensity, intermittent exercise to be more enjoyable
than moderate-intensity, continuous exercise (Bartlett et al., 2011), the present study
found similar enjoyment between trials. Importantly, enjoyment was not compromised
in HI and VHI despite higher mean RPE and HR during exercise compared with MC.
In summary, the key findings of this study are that (i) both very high-intensity,
intermittent exercise (VHI) and high-intensity, intermittent exercise (HI) suppresses
subsequent ad-libitum energy intake in overweight inactive men compared with rest;
and (ii) high-intensity, intermittent exercise is well tolerated in a sedentary and
overweight population. The suppression of ad-libitum energy intake is greater with
higher intensity, intermittent exercise and is likely attributable to increased levels of
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circulating blood lactate and blood glucose, together with a lower

concentration

of

active ghrelin following the high-intensity exercise bouts. Whether these observations
are maintained under chronic conditions (i.e. training) and apply to women will need to
be determined in future research. The findings of this study highlight the importance of
appropriate exercise prescription given the evidence both in this study and that of others
that exercise intensity may alter important clinical measures such as total energy intake
and appetite-related hormone concentration. As such, the findings of this study have
implications for exercise guidelines and prescription for weight management and are an
important consideration for both the overweight individual living with major health
risks, as well as our community dealing with the burden of the current obesity
pandemic.
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Chapter 4
The Effects of
High-intensity, Intermittent Exercise Training on
Appetite Regulation in Sedentary, Overweight Men
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Based on manuscript reviewed and published in Medicine & Science in Sports &
Exercise.

Sim, A. Y., Wallman, K. E., Fairchild, T, J., Guelfi, K. J. (2015). Effects of highintensity, intermittent exercise training on appetite regulation. Medicine & Science in
Sports & Exercise. doi: 10.1249/MSS.0000000000000687

84

4.1

Abstract

Objective: An acute bout of high-intensity, intermittent exercise suppresses ad-libitum
energy intake at the post-exercise meal. The present study examined the effects of 12
weeks of high-intensity, intermittent exercise training (HIIT) compared with moderateintensity, continuous exercise training (MICT) on appetite regulation.
Methods: Thirty overweight, inactive men (age: 31± 8 yr ; BMI: 27.2 ± 1.3 kg/m2;
body fat: 31.8 ± 3.9 %; V̇O2Peak: 35.3 ± 5.3 mL.kg-1.min-1) were randomised to either
HIIT or MICT (involving 12 weeks of training, 3 sessions per week) or a control group
(CON) (n = 10 per group). Ad-libitum energy intake from a laboratory test meal was
assessed following both a low-energy (LEP: 847 kJ) and a high-energy preload (HEP:
2438 kJ) pre and post-intervention.

Perceived appetite and appetite-related blood

variables were also measured.
Results: There was no significant effect of the intervention period on energy intake at
the test meal following the two different preloads (p ≥ 0.05). However, the 95% CI
indicated a clinically meaningful decrease in energy intake after the HEP compared with
LEP in response to HIIT (516 ± 395 kJ decrease), but not for MICT (68 ± 677 kJ
decrease) or CON (66 ± 688 kJ decrease), suggesting improved appetite regulation.
This was not associated with alterations in the perception of appetite or the circulating
concentration of a number of appetite-related peptides or metabolites, although insulin
sensitivity was enhanced with HIIT only (p = 0.003).
Conclusion: HIIT appears to benefit appetite regulation in overweight men.

The

mechanisms for this remain to be elucidated.
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4.2

Introduction

A growing body of research has demonstrated a link between exercise and the
physiological mechanisms controlling appetite and energy intake; with inactivity
potentially contributing to a positive energy balance and subsequent weight gain (King
et al., 1997; Long et al., 2002; Stubbs et al., 2004).

Conversely, it is widely

acknowledged that exercise plays a prominent role in weight management by i)
contributing to a negative energy balance by increasing energy expenditure (Broom et
al., 2007; Catenacci & Wyatt, 2007; Okay, 2009) and ii) having a favourable influence
on the sensitivity of appetite regulation (Martins et al., 2007b), the total amount of
energy consumed (Sim et al., 2014), feelings of hunger and fullness (Broom et al., 2007;
Guelfi et al., 2013), as well as the circulating levels of a number of appetite-related
hormones (Balaguera-Cortes et al., 2011; Broom et al., 2007).
More specifically, Martins and colleagues (2007b) demonstrated that six weeks of
moderate-intensity aerobic exercise training (4 sessions per week at ~65–75% of
maximum heart rate) improved appetite regulation in previously inactive, normal weight
individuals by promoting more sensitive eating behaviour in response to previous
energy intake.

Similar improvements in appetite regulation have been reported in

inactive, overweight participants in response to 12 weeks of aerobic exercise training (5
sessions per week at ~75% of maximum heart rate) (Martins et al., 2013). However,
there is evidence that the benefits of exercise training for appetite-regulation may be
optimised by manipulating the specific type of exercise employed. For instance, we
found that 12 weeks (3 sessions per week) of aerobic based exercise training (stationary
cycling and elliptical cross training at ~70-80% of maximum heart rate) increased both
fasting and postprandial ratings of perceived fullness, while an equivalent period of
resistance training (machine and free weights) did not (Guelfi et al., 2013).
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Another important aspect of exercise prescription that may influence appetite-regulation
is the intensity of training. Support for this notion comes from a recent study by our
laboratory showing that an acute bout of very high-intensity, intermittent exercise
(consisting of repeated bouts of 15-s at 170% V̇O2Peak with an active recovery period
of 60-s at 32% V̇O2Peak) attenuated energy intake in the post-exercise meal compared
with a bout of moderate-intensity, continuous exercise (60% V̇O2Peak) of matched total
work and a resting control in overweight and inactive men (Chapter 3) (Sim et al.,
2014). The lower energy intake following intermittent exercise was associated with
reduced active ghrelin, together with elevated blood lactate and glucose. Additionally,
free-living energy intake in the 38 h after leaving the laboratory remained lower after
the intermittent exercise compared with moderate continuous exercise and control.
Whether these acute benefits of high-intensity, intermittent exercise translate to
differences in long-term appetite-regulation and weight loss remains to be determined.
Therefore, the purpose of this study was to examine the effect of 12-weeks of
supervised exercise (high-intensity, intermittent exercise [HIIT] compared with
moderate-intensity, continuous [MICT] and a no-exercise control) on appetite regulation
(using the high energy versus low energy preload test meal paradigm), perceptions of
appetite and the circulating concentrations of appetite-related hormones (in particular
active ghrelin, leptin, insulin, pancreatic peptide (PP), peptide tyrosine tyrosine (PYY))
in the fasted state and in response to caloric consumption in previously inactive,
overweight men. It was hypothesised that 12 weeks of supervised exercise would
improve appetite regulation (i.e. promote more sensitive eating behaviour) compared
with a no-exercise control, but that the improvement would be to a greater extent in
response to HIIT compared with MICT.
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4.3

Methods

4.3.1

Participants

Thirty overweight, physically inactive men (age 31± 8 yr; BMI 27.2 ± 1.3 kg/m2; body
fat: 31.8 ± 3.9 %; V̇O2Peak: 35.3 ± 5.3 mL.kg-1.min-1) were recruited from the local
community. Physical inactivity was defined as not engaging in moderate-intensity
exercise for more than 75 min per week (WHO, 2014). To minimise any influence of
dietary restraint on the results, participants were excluded if they scored ≥ 3.5 on the
restraint scale of the Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien et al.,
1986). Ethics approval was granted by the Human Research Ethics Committee at The
University of Western Australia and written consent was obtained from all participants
(Appendix B).
4.3.2

Study Design

Participants were randomly allocated using a random number generator software
(Urbaniak & Plous, 2011) into one of three experimental groups; i) HIIT, ii) MICT, or
iii) control - no exercise training (CON) (Figure 4.1). Appetite regulation was assessed
pre- and post-intervention based on a preload-test meal paradigm, originally introduced
by Schachter et al. (1968). Briefly, this involves the assessment of ad-libitum energy
intake in response to previous energy intake of differing caloric content. The effect of
the intervention period on perceived appetite, appetite-related blood variables, freeliving energy intake, physical activity levels, anthropometrical measures, aerobic
fitness, dietary restraint and physical activity enjoyment were also assessed.
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Figure 4.1.
Study design
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4.3.3

Baseline Testing and Familiarisation

Participants completed an initial baseline testing and familiarisation session.

This

included the assessment of i) body composition using Dual-energy X-ray
absorptiometry (GE Lunar Prodigy Vision, GE Medical Systems, Madison, WI, USA),
ii) dietary restraint via the DEBQ (Van Strien et al., 1986), iii) and whether they were
regular breakfast consumers (≥ 5 times per week). This initial session also included the
assessment of each participant’s peak aerobic capacity ( V̇O2Peak). This was completed
using a continuous incremental exercise test performed on a calibrated front access airbraked cycle ergometer (Model EX-10, Repco Cycle, Huntingdale, Victoria, Australia)
that was interfaced with a customised software program (Cyclemax, School of Sport
Science, Exercise and Health, UWA, Perth, Western Australia, Australia), which
provided a continuous record and visual display of cycling power output. This test
involved a starting workload of 50W that increased by 30W every 3 min until volitional
exhaustion. Throughout this test, each participant wore a heart rate (HR) monitor and
breathed through a mouthpiece that was connected to a calibrated computerised gas
analysis system. This system included oxygen and carbon dioxide analysers (Ametek
Applied Electrochemistry S-3A/1 and CD-3A, AEI Technologies, Pittsburgh) to
measure the percentage of oxygen and carbon dioxide in expired air and a ventilometer
(Universal ventilation meter, VacuMed, Ventura, California, USA) to calculate the
volume of inspired air. Calibration of the metabolic cart was performed prior to each
aerobic fitness test as per manufacturer specifications; analysers were calibrated and
verified after each test using a standard reference gas of known concentration. V̇O2Peak
was calculated using the sum of the four highest consecutive 15 sec V̇O2 values
recorded during the test. Strong verbal encouragement was provided throughout the test.
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Familiarisation with the questionnaires and protocols to be used for the subsequent
assessment of pre- and post-intervention outcome measures (i.e. blood sampling,
laboratory test meal) was also performed during this session to minimise the novelty of
these tasks. Body composition, peak aerobic capacity and dietary restraint were reassessed at the end of the study period.
4.3.4

Pre- and Post-Intervention Testing

Participants attended the laboratory at approximately 0700 h, having fasted for 10-12 h,
on two separate occasions both pre- and post-intervention (i.e. four visits in total) for the
assessment of outcomes measures (Figure 4.2). In the 24 h prior to the first visit,
participants were required to document their food and drink consumption and to refrain
from vigorous physical activity. The documented dietary information was reviewed by
the investigator upon arrival to the laboratory and participants were instructed to
replicate their food and drink intake prior to each subsequent visit, with compliance
confirmed by the inspection of the records upon arrival to the laboratory and later
nutritional analyses. All post-intervention testing was conducted within the week and at
least 48 h following the last training session. Enjoyment of physical activity was
assessed pre- and post-intervention (i.e. first and final exercise training session) via the
Physical Activity Enjoyment Scale (PACES) (Kendzierski & DeCarlo, 1991).
4.3.5

Preload Test Meal

Upon arrival to the laboratory (Figure 4.2), participants were provided with either a high
energy (HEP; 2438 kJ) or low energy preload (LEP; 847 kJ) in a counterbalanced,
single blind design (preloads were of similar volume and sensory properties for
consumption).

The HEP consisted of 250 ml of Up & Go® liquid breakfast

(Sanitarium™, Berkeley Vale, NSW, Australia), 100 g of Maltodextrin (Poly-Joule®,
Nutricia, Macquarie Park, NSW, Australia) and ~100 ml of water to make a total
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volume of 450 ml, while the LEP consisted of 250 ml Up & Go® liquid breakfast
(Sanitarium, Berkeley Vale, NSW, Australia), 2 g of ThickenUp™ Clear, (Resource®,
Nestlé, Notting Hill, VIC, Australia), 5 ml Sugarless® Liquid Sweetener, (Sugarless™,
Chipping Norton, NSW, Australia) and ~193 ml water to make a total volume of 450
ml. Participants remained seated for 70 min after consuming the preload, at which point
they were given access to a laboratory test meal for 20 min during which time they were
instructed to consume ad-libitum until they felt “comfortably full”. The test meal
consisted of porridge made from a mixture of instant oats (Oats Quick Sachet – Creamy
Honey, Uncle Tobys®, Nestlé, Rhodes, NSW, Australia) and milk (HiLo Milk, Pura®,
Melbourne, VIC, Australia) of known quantity and nutrition content. In favour of
external validity (i.e. there is typically free access to water intake when consuming a
meal), a standardised bottle of plain drinking water (~1000 ml) was also available to
consume ad-libitum. The porridge and drinking water were weighed before and after
consumption. Measures were taken to minimise the influence of environmental factors
on eating behaviour as previously described (Chapter 3) (Sim et al., 2014). Accordingly,
the assessment of ad-libitum energy intake adjustment following pre-load meals of
differing caloric content (on separate occasions) allowed for the examination of
appropriate appetite regulation (i.e. ad-libitum intake following the high-energy preload
should be comparatively lower than following the low-energy preload.
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Figure 4.2.
Experimental session design.
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4.3.6

Assessment of Perceptions of Appetite

Subjective perceptions of appetite (fullness, hunger, satiation, desire to eat and
prospective food consumption) were assessed using a 100 mm visual analogue scale
(VAS) (Hill & Blundell, 1982) in the fasted state (before preload consumption) and in
response to caloric consumption (immediately, 30, 60 and 90 min post preload)
(Appendix E).
4.3.7

Assessment of Appetite-Related Blood Variables

Blood was sampled from study participants in the fasted state (before preload
consumption) and in response to caloric consumption (30 min and 60 min post preload).
To prepare the sampling site, the entire hand was placed into a box heated with warm
air (~60 °C). Capillary blood (535 µl) was then collected from the warmed fingertip
with the use of a sterile lancet (Unistick 2 Normal; Owen Mumford, Oxford, UK).
Blood glucose concentration was measured using a blood gas analyzer (35 µL; ABL
735, Radiometer, Copenhagen, Denmark).

The remaining blood was treated with

ethylenediaminetetraacetic acid (EDTA) (Microtainer Tubes with K2E (K2EDTA), BD
Microtainer, Franklin Lakes, N.J., USA) and serine protease inhibitor (20 µl per 500 µl
of blood; Pefabloc SC, Roche Diagnostics, Sydney, NSW, Australia) before being
centrifuged at 1020 g for 10 min. Plasma obtained was stored at ~80°C and samples
from the HEP condition only were later analysed for a range of appetite-related
hormones; leptin, insulin, active ghrelin, PP and PYY, using a commercially available
assay kit (Milliplex Map Human Metabolic Hormone Magnetic Bead Panel; Millipore
Corporation, Billerica, MA, USA). The minimum detectable concentrations of the
respective peptides are: ghrelin 1.8 pg/mL, leptin 157.2 pg/mL, PP 2.4 pg/mL, PYY 8.4
pg/mL, insulin 44.5 pg/mL. The intra-assay variation (%CV) of the Milliplex multiplex
assay is <11%.
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4.3.8

Assessment of Free-Living Energy Intake and Physical Activity Levels

Free-living energy intake and physical activity levels in the 24 h prior to and for the
remainder of the day after leaving the laboratory sessions were assessed using a selfrecorded food diary and accelerometry (GT1M Activity Monitor, ActiGraph, Florida,
USA), respectively. The food diary required participants to record the portion size
(weighing scales were provided to assist) and describe the food consumed (Appendix
D). Detailed instructions on the use of the food diary, and the necessity for timely and
accurate recordings after food and drink consumption were emphasised. Energy intake
from food records was calculated using a commercially available software program
(Foodworks; Xyris Software, Queensland, Australia). The total number of steps and
estimated energy expenditure from physical activity based on accelerometry were
determined using ActiLife software (ActiGraph, Florida, USA).
4.3.9

Training Intervention

Both exercise training groups (HIIT and MICT) were required to participate in three
training sessions each week (minimum recommended amount of exercise per week;
Garber et al. (2011)) over a 12 week period. All training was conducted on calibrated,
front-access air-braked cycle ergometers (Model EX-10, Repco Cycle, Huntingdale,
Victoria, Australia) that were interfaced with a customised software program (CycleMax,
School of Sport Science, Exercise and Health, UWA, Perth, Western Australia,
Australia). Participants randomised to HIIT were required to complete repeated bouts
of high-intensity exercise (15-s at a power output equivalent to 170% V̇O2Peak) with an
active recovery period (60-s at a power output 32% V̇O2Peak) between efforts.
Participants allocated to MICT exercised at a power output equivalent to 60% V̇O2Peak
continuously, for the duration of each training session. Relative total work was matched
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between exercise protocols and the workload for each participant was determined using
their individual baseline V̇O2Peak results.
All training sessions were fully supervised by an exercise physiologist (the PhD
candidate). Training sessions commenced with a 5 min warm-up that involved easy
pedalling followed by light static/dynamic stretching of the lower limbs. Heart rate
(HR) and rate of perceived exertion (RPE; Borg, 1982) were measured during each
exercise session. To accommodate for an increase in fitness throughout the intervention
period, the workload and duration of the training sessions were progressively increased.
Training workloads were adjusted based on a conservative 1% improvement in aerobic
capacity per week, while duration progressed as follows: Weeks 1 to 3 (30 min), Weeks
4 to 6 (35 min), Weeks 7 to 9 (40 min) and Weeks 10 to 12 (45 min). In addition, the
V̇O2Peak test was repeated during week 6 of the intervention and training workloads
were further adjusted accordingly.
4.3.10

Statistical Analysis

Insulin sensitivity was calculated using the homeostatic model assessment (HOMA-IR)
index (based on fasting blood glucose and insulin concentration) (Wallace et al., 2004).
Repeated-measures ANOVA were used to compare the estimated energy intake and
energy expenditure for the 24 h prior to each laboratory visit for the assessment of
outcome measures to confirm that these factors were well matched. Mixed model
ANOVAs were applied to determine treatment effects for each outcome variable as
follows; i) two-way (pre-vs.post-intervention*condition [HIIT, MICT, CON]) for
aerobic fitness, anthropometrical measures, physical activity enjoyment and dietary
restraint ii) three-way (pre-vs.post-intervention*preload [HEP vs. LEP]*condition) for
energy intake at the laboratory test meal and 24 h cumulative energy intake iii) four-way
(pre-vs.post-intervention*preload*time [0 min, immediately post-preload, 30 min post96

preload, 60 min post-preload and 90 min post-preload]*condition) for perceived
appetite and iv) three way (pre-vs.post-intervention*time [0 min, 30 min post-preload
and 60 min post-preload]*condition) for appetite-related hormone concentration in
response to caloric intake. The effect of the intervention and condition (HIIT, MICT,
CON) on HR and RPE was assessed using a mixed model ANOVA.

Post hoc

comparisons where conducted where appropriate. Statistical significance was accepted
at a p value of ≤ 0.050 (SPSS version 20, IBM Corporation, Armonk, N.Y., USA). In
addition, 95% confidence intervals (CI) were presented as [lower bound value, upper
bound value]. Further, Cohen’s d effect sizes (d) were also calculated for pairwise
comparisons; only moderate (0.50 – 0.79) and large (> 0.80) effect sizes are reported.
All results are presented as mean ± SD (standard deviation) unless otherwise indicated.
4.4

Results

There were no dropouts in any of the treatment groups; with every participant in the
study completing all the required testing sessions. Further, training attendance was
similar between groups (p = 0.712), with 98 ± 3% (mean 35 of 36 sessions; minimum
33 sessions) compliance for HIIT, and 97 ± 4% (mean 35 of 36; minimum 33 sessions)
for MICT.
4.4.1

Training Intervention

A main effect of condition revealed higher average HR (p < 0.001) and RPE (p = 0.034)
during HIIT (HR: 158 ± 3 bpm; RPE: 14 ± 1) compared with MICT (HR: 133 ± 5 bpm;
RPE: 13 ± 1). A main effect of training time-point showed that average HR (p < 0.001)
and RPE (p < 0.001) increased through the course of both training interventions.
Following the 12 week study period, V̇O2Peak was improved to a similar extent in both
the HIIT and MICT groups (p < 0.001; Table 4.1), but remained unchanged in the CON
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group. There were no significant changes in anthropometrical measures (body mass; p
= 0.234, BMI; p = 0.204 and body fat; p = 0.187) in response to the interventions (Table
4.1). With respect to the enjoyment of exercise, there was a main effect of the exercise
intervention period (p = 0.006), with an increase in enjoyment post-intervention
compared with baseline (pre-intervention 93 ± 15, post-intervention 102 ± 13, d = 0.64),
however there was no difference between HIIT and MICT (p = 0.172). Further, there
was no interaction effect of pre-vs.post-intervention*condition on dietary restraint (Prevs. post-intervention - HIIT: 2.7 ± 0.4 vs. 2.6 ± 0.5 MICT: 2.4 ± 0.6 vs. 2.5 ± 0.8 CON:
2.2 ± 0.5 vs. 2.4 ± 0.5; p = 0.829).
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Table 4.1. Aerobic fitness and body composition before and after 12 weeks of highintensity, intermittent exercise training (HIIT; n = 10), moderate-intensity, continuous
exercise training (MICT; n = 10) or no exercise training control (CON; n = 10).

V̇O2Peak (ml/kg/min)

Body mass (kg)

Body mass index (kg/m2)

Body fat percentage (%)

HIIT

MICT

CON

Pre

34.8 ± 4.5

34.8 ± 6.2

36.3 ± 5.6

Post

40.4 ± 4.4 a,b

39.7 ± 6.9 a,b

35.8 ± 5.5

Pre

87.4 ± 7.7

86.5 ± 8.6

85.6 ± 6.4

Post

86.6 ± 7.5

85.9 ± 8.5

87.1 ± 6.7

Pre

27.4 ± 1.6

27.2 ± 1.5

27.0 ± 0.9

Post

27.1 ± 1.4

27.0 ± 2.3

27.5 ± 0.9 b

Pre

32.0 ± 2.9

31.1 ± 5.0

32.2 ± 3.9

Post

30.9 ± 2.7

30.2 ± 6.5

32.5 ± 3.9

Pre and post values presented as mean ± SD; aIndicates significant difference from preintervention (p ≤ 0.050). bIndicates moderate-large Cohen’s d effect size from preintervention.
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4.4.2

Ad-libitum Energy Intake at the Laboratory Test Meal

Energy intake and energy expenditure from physical activity in the 24 h prior to each
pre-load test session were well-matched (energy intake p = 0.416; energy expenditure p
= 0.768). Likewise, the environmental conditions were consistent during the pre-load
test sessions (temperature: 21.3 ± 0.9 °C, p = 0.996, humidity: 52.6 ± 7.2 %, p = 0.700).
Absolute ad-libitum energy intake during the laboratory test meal after the HEP and
LEP assessed pre- and post-intervention is shown in Figures 4.3, 4.4 and 4.5, with
differences in energy intake pre- to post-intervention displayed in Table 4.2. Energy
intake during the test meal following the two different preloads was similar at baseline
in all groups (p = 0.396) suggesting a lack of appropriate compensation for prior energy
intake. With respect to the effect of the intervention period on energy intake from the
test

meals,

there

was

no

significant

interaction

of

pre-vs.post-

intervention*preload*condition (p = 0.333), however, the 95% CI indicated a decrease
in energy intake after the HEP following 12 weeks of HIIT compared with the LEP
post-intervention (Table 4.2), suggesting a tendency for enhanced appetite regulation
based on more appropriate adjustment for prior energy intake. There was no difference
in ad-libitum water intake at the laboratory test meal between trials (p = 0.601).
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Figure 4.3.
Mean (± SE) ad-libitum energy intake at laboratory test-meal following a high energy preload (HEP) and low energy preload (LEP) before (preintervention) and after (post-intervention) 12 weeks of high-intensity, intermittent exercise training (HIIT), moderate-intensity, continuous exercise
training (MICT) or no exercise training (CON) (n = 10 in each group).
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Figure 4.4.
Difference in ad-libitum energy intake after HEP and LEP from a laboratory test meal
(kJ) before (Pre-HEP minus Pre LEP) and after (Post-HEP minus Post LEP) 12 wk of
HIIT, MICT, or no exercise training (CON; n = 10 in each group).
Values are presented as mean and 95% CI for energy intake after HEP minus LEP preintervention and post-intervention (E.g., ▲,solid line, represents Pre-HEP minus Pre
LEP and ▲,dotted line, represents Post-HEP minus Post LEP) (95% CI; lower and
upper bounds represented by -)
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Figure 4.5.
Difference in ad-libitum energy intake from a laboratory test meal (kJ) after HEP (PreHEP minus Post HEP) and after LEP (Pre-LEP minus Post LEP) before and after 12 wk
of HIIT, MICT, or no exercise training (CON; n = 10 in each group).
Values are presented as mean and 95% CI for pre-intervention energy intake minus
post-intervention energy intake after HEP and LEP (E.g., ▲,solid line, represents PreHEP minus Post HEP and ▲,dotted line, represents Pre-LEP minus Post LEP) (95% CI;
lower and upper bounds represented by -)
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4.4.3

Cumulative 24 h Energy Intake

Cumulative energy intake for the remainder of the day after the ad-libitum laboratory
meal is shown in Figure 4.6 and the differences in cumulative energy intake pre to postintervention are presented in Table 4.2. Cumulative energy intake following the two
different preloads was similar at baseline in all groups (p = 0.644). The interaction
effect of pre-vs.post-intervention *preload*condition on cumulative energy intake over
a 24 h period was not significant (p = 0.082).
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Figure 4.6.
Mean (± SE) cumulative 24 h energy intake following a high energy preload (HEP) and low energy preload (LEP) before (pre-intervention) and after
(post-intervention) 12 weeks of high-intensity, intermittent exercise training (HIIT), moderate-intensity, continuous exercise training (MICT) or no
exercise training (CON) (n = 10 in each group).
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Table 4.2. Difference in ad-libitum energy intake from a laboratory test meal and cumulative 24 h energy intake (kJ) after a high energy preload
(HEP) and low energy preload (LEP), before and after 12 weeks of high-intensity, intermittent exercise training (HIIT), moderate-intensity,
continuous exercise training (MICT) or no exercise training (CON; n = 10 in each group).
Study
Time-point
/ Preload

HIIT

MICT

CON

x̅ ± SD [95% CI]

x̅ ± SD [95% CI]

x̅ ± SD [95% CI]

Δ energy intake at test meal

Pre

-43 ± 585 [320, -406]

219 ± 523 [544, -105]

-88 ± 494 [218, -394]

(i.e. HEP minus LEP)

Post

-516 ± 395 [-271, -762]

-68 ± 677 [351, -488]

-66 ± 688 [360, -493]

Δ 24 h energy intake

Pre

402 ± 1597 [1392, -588]

649 ± 2103 [1953, -654]

-204 ± 1054 [449, -857]

(i.e. HEP minus LEP)

Post

186 ± 1108 [873, -500]

-617 ± 2445 [898, -2133]

265 ± 1345 [1099, -569]

Δ energy intake at test meal

HEP

517 ± 736 [61, 973]

199 ± 1043 [-447, 845]

-223 ± 628 [-612, 166]

(i.e. pre minus post-intervention)

LEP

43 ± 640 [-354, 439]

-89 ± 783 [-574, 397]

-202 ± 736 [-658, 254]

Δ 24 h energy intake

HEP

928 ± 1590 [-58, 1913]

758 ± 1917 [-430, 1946]

-199 ± 648 [-601, 203]

(i.e. pre minus post-intervention)

LEP

712 ± 1241 [-57, 1481]

-509 ± 1265 [-1293, 275]

104 ± 1354 [-735, 943]

Values presented as mean (x̅) and 95% confidence interval (CI) for pre-intervention energy intake subtract post-intervention energy intake
[lower bound, upper bound]. Where the 95% CI does not cross zero, the value is bolded.
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4.4.4

Perception of Appetite

There were no significant interactions of pre-vs. post-intervention*preload*time
*condition on perceived hunger (p = 0.691; Figure 4.7), fullness (p = 0.260; Figure 4.8),
satiation (p = 0.352; Figure 4.9), desire to eat (p = 0.434; Figure 4.10) or prospective
food consumption (p = 0.657; Figure 4.11). There was a main effect of time within
each test session for each of these variables (p < 0.001), with increased feelings of
fullness and satiation, along with decreased hunger, desire to eat and prospective food
consumption following the test meal.

Time (min)

Figure 4.7.
Mean (± SE) ratings of hunger in the fasted state, in response to standard caloric
consumption (indicated by upward arrow ) and in response to ad-libitum caloric
consumption (indicated by upward arrow ) following high energy preload (HEP ■) and
low energy preload (LEP▲), before (represented by discontinuous line ----) and after
(represented by solid line ──) 12 weeks of high-intensity, intermittent exercise training
(HIIT), moderate-intensity, continuous exercise training (MICT) or no exercise training
control (CON) (n = 10 in each group). †Significant main effect of time within session.
(p ≤ 0.050).
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Time (min)

Figure 4.8.
Mean (± SE) ratings of fullness in the fasted state, in response to standard caloric
consumption (indicated by upward arrow ) and in response to ad-libitum caloric
consumption (indicated by upward arrow ) following high energy preload (HEP ■) and
low energy preload (LEP▲), before (represented by discontinuous line ----) and after
(represented by solid line ──) 12 weeks of high-intensity, intermittent exercise training
(HIIT), moderate-intensity, continuous exercise training (MICT) or no exercise training
control (CON) (n = 10 in each group). †Significant main effect of time within session.
(p ≤ 0.050).
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Time (min)

Figure 4.9.
Mean (± SE) ratings of satiation in the fasted state, in response to standard caloric
consumption (indicated by upward arrow ) and in response to ad-libitum caloric
consumption (indicated by upward arrow ) following high energy preload (HEP ■) and
low energy preload (LEP▲), before (represented by discontinuous line ----) and after
(represented by solid line ──) 12 weeks of high-intensity, intermittent exercise training
(HIIT), moderate-intensity, continuous exercise training (MICT) or no exercise training
control (CON) (n = 10 in each group). †Significant main effect of time within session.
(p ≤ 0.050).
110

Time (min)

Figure 4.10.
Mean (± SE) ratings of the desire to eat in the fasted state, in response to standard
caloric consumption (indicated by upward arrow ) and in response to ad-libitum
caloric consumption (indicated by upward arrow ) following high energy preload
(HEP ■) and low energy preload (LEP▲), before (represented by discontinuous line ---) and after (represented by solid line ──) 12 weeks of high-intensity, intermittent
exercise training (HIIT), moderate-intensity, continuous exercise training (MICT) or no
exercise training control (CON) (n = 10 in each group). †Significant main effect of time
within session. (p ≤ 0.050).
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Time (min)

Figure 4.11.
Mean (± SE) ratings of prospective food consumption in the fasted state, in response to
standard caloric consumption (indicated by upward arrow ) and in response to adlibitum caloric consumption (indicated by upward arrow ) following high energy
preload (HEP ■) and low energy preload (LEP▲), before (represented by discontinuous
line ----) and after (represented by solid line ──) 12 weeks of high-intensity,
intermittent exercise training (HIIT), moderate-intensity, continuous exercise training
(MICT) or no exercise training control (CON) (n = 10 in each group). †Significant main
effect of time within session. (p ≤ 0.050).
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4.4.5

Appetite-Related Blood Variables

Concentrations of appetite-related blood variables assessed pre and post-intervention are
shown

in

Figures

4.12

to

4.17.

An

interaction

effect

of

pre-vs.post-

intervention*time*condition was observed for insulin (p = 0.050; Figure 4.12), with
post hoc analysis revealing lower insulin concentration in a fasted state following HIIT
(p = 0.003 d = 0.60) and 60 min after caloric consumption in MICT (p = 0.010 d =
0.77) compared with pre-intervention. There was an interaction effect of pre-vs.postintervention*condition on leptin (p = 0.017; Figure 4.13) revealing lower leptin
concentration following HIIT, but not after MICT and CON. There were no interaction
effects observed for active ghrelin (p = 0.736; Figure 4.14), PP (p = 0.060; Figure 4.15),
PYY (p = 0.077; Figure 4.16) or blood glucose (p = 0.926; Figure 4.17). However,
there was a main effect of time within each session (p ≤ 0.001) for each of these blood
variables, with increased PP, PYY, insulin and blood glucose in response to caloric
consumption, while active ghrelin and leptin decreased over time.
There was an interaction effect of pre-vs.post-intervention*condition on HOMA-IR (p =
0.016), with post hoc analysis revealing significantly lower HOMA-IR following HIIT
(Pre 3.8 ± 1.9, Post 2.9 ± 1.6; p = 0.018; d = 0.61) but not for MICT and CON.
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Time (min)

Figure 4.12.
Mean (± SE) concentrations of insulin, in the fasted state and in response to caloric
consumption (indicated by upward arrow ) before (represented by ●) and after
(represented by ○) 12 weeks of high-intensity, intermittent exercise training (HIIT),
moderate-intensity, continuous exercise training (MICT) or no exercise training control
(CON) (n = 10 in each group). *Significant interaction effect of pre- vs. postintervention, test session time (0, 35, 65 min) and condition (HIIT, MICT and CON).
#Significant difference pre- to post-intervention. †Significant main effect of time within
session (p ≤ 0.050).
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Time (min)

Figure 4.13.
Mean (± SE) concentrations of leptin, in the fasted state and in response to caloric
consumption (indicated by upward arrow ) before (represented by ●) and after
(represented by ○) 12 weeks of high-intensity, intermittent exercise training (HIIT),
moderate-intensity, continuous exercise training (MICT) or no exercise training control
(CON) (n = 10 in each group). #Significant difference pre- to post-intervention.
†Significant main effect of time within session (p ≤ 0.050).
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Time (min)

Figure 4.14.
Mean (± SE) concentrations of ghrelin, in the fasted state and in response to caloric
consumption (indicated by upward arrow ) before (represented by ●) and after
(represented by ○) 12 weeks of high-intensity, intermittent exercise training (HIIT),
moderate-intensity, continuous exercise training (MICT) or no exercise training control
(CON) (n = 10 in each group). †Significant main effect of time within session (p ≤
0.050).
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Time (min)

Figure 4.15.
Mean (± SE) concentrations of PP, in the fasted state and in response to caloric
consumption (indicated by upward arrow ) before (represented by ●) and after
(represented by ○) 12 weeks of high-intensity, intermittent exercise training (HIIT),
moderate-intensity, continuous exercise training (MICT) or no exercise training control
(CON) (n = 10 in each group). †Significant main effect of time within session (p ≤
0.050).
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Time (min)

Figure 4.16.
Mean (± SE) concentrations of PYY, in the fasted state and in response to caloric
consumption (indicated by upward arrow ) before (represented by ●) and after
(represented by ○) 12 weeks of high-intensity, intermittent exercise training (HIIT),
moderate-intensity, continuous exercise training (MICT) or no exercise training control
(CON) (n = 10 in each group). †Significant main effect of time within session (p ≤
0.050).
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Time (min)

Figure 4.17.
Mean (± SE) concentrations of blood glucose, in the fasted state and in response to
caloric consumption (indicated by upward arrow ) before (represented by ●) and after
(represented by ○) 12 weeks of high-intensity, intermittent exercise training (HIIT),
moderate-intensity, continuous exercise training (MICT) or no exercise training control
(CON) (n = 10 in each group). †Significant main effect of time within session (p ≤
0.050).
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4.5

Discussion

The main aim of the present study was to compare the effects of 12 weeks of HIIT with
an equivalent period of MICT or inactivity on appetite regulation in previously inactive,
overweight men. There were no statistically significant differences in energy intake at
the laboratory test meal or for cumulative energy intake after leaving the lab as a result
of the intervention period. However the 95% CI indicated improved appetite regulation
after HIIT based on a clinically meaningful decrease in energy intake (Hill et al., 2009)
at the test meal after the HEP compared with LEP in response to HIIT, but not for
MICT or CON. The tendency for lower energy intake after HEP compared with LEP in
response to HIIT suggests improved appetite regulation (based on a more appropriate
adjustment of energy intake in response to previous caloric consumption).

No

significant changes in the perception of appetite were noted as a result of the
intervention and the circulating concentrations of glucose, active ghrelin, PP and PYY
were not altered across the intervention period. However, insulin was lower following
both exercise interventions (fasting – HIIT, postprandial – MICT), but unaltered in
CON, while leptin was reduced following HIIT only.

Importantly, both exercise

interventions resulted in a significant increase in aerobic fitness.
Previous research has demonstrated improved appetite regulation in response to a period
of aerobic exercise training (Martins et al., 2013; Martins et al., 2007b). However, to
our knowledge, this is the first study that has compared the effect of different intensities
of exercise training (specifically HIIT with MICT) on appetite regulation. Despite no
significant interaction effects being observed with respect to energy intake in response
to the intervention, the reported 95% CI (i.e. lower and upper bound values that do not
cross zero) suggests that 12 weeks of HIIT improved appetite regulation in response to
previous energy intake of differing caloric content. Specifically, participants ate less at
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the test meal following HEP compared with LEP (-516 ± 395 kJ) after the HIIT
intervention, while intake remained unaltered in the MICT and CON groups. When
comparing the pre-intervention and post-intervention energy intake at the test meals, it
is evident that this compensation was related to a reduction in energy intake following
the post-intervention HEP test meal compared with pre-intervention in the HIIT group
(517 ± 736 kJ decrease). Considering that an energy deficit of 419 kJ and 795 kJ per
day has been calculated to prevent weight gain (maintain weight loss) and achieve
weight loss respectively (Hill et al., 2009), the energy deficits presented above may be
considered clinically meaningful and an important consideration for weight
management.

However, it is important to note that despite the above-mentioned

changes in energy intake in the meal directly following the HEP or LEP, there were no
significant differences in cumulative energy intake for the remainder of the day between
pre-loads or conditions. This may be related to the level of accuracy of assessing
energy intake at a laboratory test meal compared with that obtained from self-reported
food diaries, with the former being a more precise measure.
The lack of improvement in appetite regulation (based on the similar energy intake after
HEP vs. LEP) observed after MICT in the present study contrasts with previous
research examining a similar duration of exercise training (Martins et al., 2013). For
example, Martins and colleagues (2013) reported a significant within group
improvement in 24 h cumulative energy compensation following 12 weeks of moderateintensity, continuous exercise training.

This discrepancy between studies may be

explained by differences in the volume of exercise performed. Specifically, the study of
Martins and colleagues (2013) involved exercise training five times per week compared
with three times per week in the present study.

Of note, the exercise intensities

employed in both studies were similar; Martins et al. (2013): 75% HRMax vs. present
study: 60% V̇O2Peak (Londeree et al., 1995). Additionally, it was surprising that the
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tendency for improved appetite regulation in response to HIIT in the present study was
not accompanied by changes in perception of appetite. This contrasts with the reported
increases in fasting and postprandial feelings of fullness in the study by Guelfi and
colleagues (2013) following an aerobic exercise intervention of similar duration and
frequency to that employed here.
With respect to the appetite-related blood variables, we observed attenuated insulin
concentration in a fasted state following HIIT and in a post-prandial state following
MICT compared with pre-intervention.

Accordingly, improved insulin sensitivity

(based on the HOMA-IR index) was only noted following HIIT but not MICT. Given
that insulin sensitivity has been reported to have a negative relationship with ad-libitum
energy intake during a test meal in an overweight population (Flint et al., 2007; Han et
al., 2008), it is possible that the tendency for enhanced appetite regulation following
HIIT may be mediated by improved insulin sensitivity. Our findings are in line with
those of Matinhomaee and colleagues (2014), who also reported that 12 weeks of HIIT
improved insulin sensitivity (HOMA-IR index). Importantly, the present study may
lend further support to the role of aerobic exercise training as a first-line of defence in
the management of insulin resistance.
The decrease in leptin concentration following HIIT, may be related to the fat loss
(although not significant) observed in the HIIT group (Kraemer et al., 2002).

In

contrast, active ghrelin, PP and PYY were not altered in response to the intervention
period. The lack of response of these appetite-related hormones following aerobic
exercise training is consistent with the study of Guelfi and colleagues (2013), who
reported no change in active ghrelin, PP and PYY concentration in sedentary
overweight/obese men following 12 weeks of aerobic exercise training (performed three
times weekly at 70 – 80 % of maximum heart rate). In contrast, Martins and colleagues
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(2010) reported that 12 weeks of aerobic training (performed five times per week at
75% of maximum heart rate) resulted in a significant increase in fasting acylated ghrelin
concentration, together with increased feelings of hunger in sedentary overweight/obese
men and women. Reasons that may explain the discrepancy in outcomes between these
studies include differences in the volume of exercise performed and the characteristics
of the participants. For instance, the study by Martins and colleagues (2010) involved
exercise training five times per week compared with three times per week in the study
of Guelfi and co-workers (2013) and the present study. Further, given that active
ghrelin has been shown to respond differently to aerobic exercise training in men and
women (higher active ghrelin concentration in women) (Hagobian et al., 2009), the
inclusion of women in the study by Martins and colleagues (2010) may partially explain
the difference in findings.
Regardless, this raises the question of the potential mechanisms besides appetite-related
blood variables that may have contributed to the tendency for enhanced appetite
regulation following HIIT.

Firstly, it should be acknowledged that the range of

appetite-related peptides measured in this present study was not exhaustive and other
appetite-related hormones such as glucagon-like peptide-1 (GLP-1), cholecystokinin
and obestatin also influence appetite regulation. Furthermore, a series of recent studies
have suggested that exercise may have a dampening effect (attenuated neural activity)
on the food reward pathways located in the brain which is consistent with reduced
general palatability of food, reduced anticipation to eat and reduced food consumption
(Cornier et al., 2012; Crabtree et al., 2014; Evero et al., 2012). Specifically, Crabtree
and colleagues (2014) demonstrated that high-intensity exercise resulted in suppressed
neural responses during the viewing of high-calorie foods.

Another potential

mechanism by which regular exercise training may enhance appetite regulation is via
changes to substrate metabolism, in particular, increased fatty acid oxidation which may
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reduce energy intake via alterations to vagal afferent activity that report satiety signals
to appetite centres in the brain (Berthoud, 2008). Further, changes in psychological
approaches to food may result from regular exercise. However, the lack of change in
dietary restraint scores observed in the present study suggests a minimal influence of
eating attitudes on appetite regulation. Clearly, further research is required to determine
the mechanisms through which exercise training may affect and improve appetite
regulation.
Average HR and RPE over the course of the intervention were found to be higher
during HIIT compared with MICT. Considering the nature of the HIIT protocol (i.e.
repeated short bouts of supramaximal high-intensity exercise), this was not unexpected.
Despite this, physical activity enjoyment was not different between HIIT and MICT,
while enjoyment of exercise increased following both training interventions. These
findings are of importance, given that enjoyment of physical activity has been reported
to be a key factor in physical activity performance and exercise adherence (Hagberg et
al., 2009; Ryan et al., 1997). The high attendance rate of study participants in both
exercise groups appears to reflect the levels of enjoyment observed in the present study.
Our study also demonstrated that 12 weeks of aerobic exercise, regardless of exercise
protocol resulted in a significant increase in aerobic fitness. This is important given that
improvement in aerobic fitness, independent of weight loss, has been associated with
decreased mortality (Lee et al., 2010).
Finally, it should be noted that even though HIIT may have resulted in a tendency for
improved appetite regulation, the lack of significant alterations in anthropometrical
measures (i.e. body mass and body fat) is consistent with previous literature reporting
that exercise alone may not be the most effective method for weight loss (Jakicic, 2009).
However, it is important to note that the magnitude of change in body fat following
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HIIT (d = 0.39) was comparable with previous studies that reported statistically
significant body fat loss following aerobic exercise interventions of a similar duration;
Martins et al. (2013) d = 0.31, Guelfi et al. (2013) d = 0.22. The lack of statistical
significance in the present study may be related to the method of analysis employed,
with the present study comparing differences within (pre vs. post) and between
intervention/control groups, while Martins et al. (2013) and Guelfi et al. (2013)
analysed differences within (pre vs. post) groups only. More studies with a larger
sample size are needed to further investigate these findings.
In summary, this study shows that HIIT results in clinically meaningful improvements
in appetite regulation, while an equivalent period of MICT and CON does not. The
mechanisms behind this are unclear, with no alterations in the perception of appetite or
a number of circulating appetite-related peptides and metabolites in either the fasted
state or postprandially, although insulin sensitivity was enhanced in response to HIIT
only. Together with previous evidence suggesting the benefits of HIIT for various comorbidities of obesity (Kessler et al., 2012), findings from the present study may have
important implications for current exercise prescription guidelines for individuals
exercising for weight loss/maintenance and the management of insulin sensitivity.
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Chapter 5
General Discussion
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5

GENERAL DISCUSSION

5.1

Overview

The increasing global prevalence of overweight and obesity has largely been attributed
to an excess of energy consumption compared with energy expenditure over an
extended period of time (WHO, 2013). It is well established that exercise can directly
assist in weight management by expending energy to create a negative balance
(Catenacci & Wyatt, 2007; O'Gorman & Krook, 2008; Okay, 2009) and it is
increasingly being recognised that exercise can also influence the amount of energy
consumed, influence perceived appetite and alter appetite-related hormones in a
direction that appears to be favourable for weight management (Balaguera-Cortes et al.,
2011; Crisp et al., 2012; Guelfi et al., 2013; Hagobian et al., 2009; Martins et al.,
2007a). Importantly, the benefits of exercise for energy intake and appetite regulation
may be optimised by manipulating the specific characteristics of the exercise employed
(Guelfi et al., 2013).
In particular, previous studies have suggested that high-intensity exercise may have a
more favourable (anorexic) effect on energy intake, appetite and appetite-related
hormones compared with exercise of lower-intensity (Erdmann et al., 2007; Thivel et
al., 2012; Ueda et al., 2009b). However, the performance of prolonged and continuous
high-intensity exercise may not be a sustainable form of exercise for an inactive and
overweight population (i.e. low physical fitness levels and exercise tolerance).

A

practical alternative may be the performance of high-intensity, intermittent exercise that
involves short bouts of high-intensity exercise interspersed with periods of exercise at
lower intensities. While this form of exercise has recently gained popularity as a
consequence of demonstrating benefits for many comorbidities of obesity (Kessler et
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al., 2012), the effect of high-intensity, intermittent exercise on energy intake and
appetite regulation both acutely and in the longer-term remains to be established.
Therefore, this thesis aimed to;
i)

Examine the acute effects of two different protocols of high-intensity, intermittent
exercise (very high vs. high-intensity intervals) compared with moderate-intensity,
continuous exercise on subsequent energy intake, perceptions of appetite and
appetite-related blood variables in a group of sedentary and overweight men

ii) Examine the effects of 12 weeks of supervised high-intensity, intermittent exercise
training (utilising the high-intensity, intermittent exericse protocol from the first
study that resulted in the most favourable effect on energy intake and appetite
regulation) compared with moderate-intensity, continuous exercise training on
appetite regulation, aerobic fitness, physical activity enjoyment and body
composition in previously sedentary overweight men.
5.2

Key Findings

In summary, this thesis has shown that
 A 30 min bout of high- intensity, intermittent exercise (alternating between 15 s at
170% V̇O2Peak and 60 s at 32% V̇O2Peak) suppresses ad-libitum energy intake in the
post-exercise meal compared with an equivalent bout of moderate-intensity,
continuous exercise or rest (no exercise) in inactive, overweight men.

This

suppression in energy intake is likely associated to the attenuated concentration of
active ghrelin and increased concentrations of circulating blood glucose and blood
lactate observed following high-intensity, intermittent exercise.
 The suppression of energy intake observed following an acute bout of very highintensity, intermittent exercise compared with an equivalent bout of moderate128

intensity, continuous exercise or rest (no exercise) in the short-term in inactive,
overweight men was maintained for more than 24 h.
 Despite higher heart rates and ratings of perceived exertion during an acute bout of
high-intensity, intermittent exercise compared with moderate-intensity, continuous
exercise, ratings of physical activity enjoyment were similar between conditions.
 Twelve weeks of supervised high-intensity, intermittent exercise training resulted in
a clinically meaningful improvement in appetite regulation (i.e. more appropriate
adjustment of energy intake in response to previous caloric consumption), while an
equivalent period of moderate-intensity, continuous exercise training did not. This
improvement in appetite regulation may be related to an improvement in insulin
resistance (i.e. decrease insulin resistance) in the high-intensity, intermittent exercise
training group.
 High-intensity, intermittent exercise and high-intensity, intermittent exercise
training are well tolerated in previously sedentary and overweight men.
 Twelve weeks of supervised high-intensity, intermittent and moderate-intensity,
continuous exercise training improved aerobic fitness and increased ratings of
physical activity enjoyment in previously sedentary, overweight men.
5.3

Implications

While an acute bout of exercise may intuitively be expected to be accompanied by a
compensatory up-regulation in energy intake and appetite to restore energy balance,
results from previous research examining the effect of exercise on subsequent energy
intake have been equivocal; with studies reporting an increase, decrease or no change in
energy consumed post-exercise (Blundell & King, 1999; Schubert et al., 2012). This is
likely attributed, at least in part, to the effect of exercise on energy intake being
moderated by a variety of factors, including the specific characteristics of the exercise
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itself. The findings from this thesis demonstrate that exercise intensity and the precise
exercise protocol employed (i.e. intermittent vs. continuous) may be vital in influencing
the effect of exercise on subsequent energy intake. Specifically, it was found that an
acute bout of high-intensity, intermittent exercise resulted in suppressed energy intake
compared with exercise of lower intensity. This attenuation of post-exercise energy
intake appears to be more pronounced as the intensities of the intervals employed
increases. Importantly, the beneficial effect of performing high-intensity, intermittent
exercise on energy intake appears to be maintained over the course of the day under
free-living conditions.
Previous research has consistently demonstrated a link between inactivity and a
disruption in the regulatory mechanisms involved in appetite control (King et al., 1997;
Murgatroyd et al., 1999). Importantly, exercise has been shown to fine-tune these
regulatory mechanisms; with active individuals reported to more accurately regulate
energy consumption in response to previous dietary intake compared with sedentary
individuals (Long et al., 2002; Martins et al., 2013). Confirming this notion, results
from this thesis demonstrate that high-intensity, intermittent exercise training (HIIT) is
an effective method to improve appetite control (i.e. more accurate adjustment of energy
intake in response to previous caloric consumption) in previously sedentary and
overweight men.

Specifically, the findings from this thesis demonstrate that

undertaking a supervised 12 week, 3 times weekly HIIT program results in a clinically
meaningful adjustment in energy intake in response to previous energy intake.
Importantly, the magnitude of this adjustment in energy intake (HEP – LEP) (by 516 ±
395 kJ) observed in response to HIIT has been previously calculated to prevent weight
gain (i.e. energy deficit of 419 kJ per day required) and achieve weight loss (energy
deficit of 795 kJ per day required) (Hill et al., 2009) and may therefore be an important
consideration for exercise prescription for weight management. Of note, HIIT was also
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found to be an effective exercise training protocol to improve insulin sensitivity in
previously sedentary and overweight individuals. This finding is of importance, given
evidence indicating a strong link between insulin resistance and obesity (Abbasi et al.,
2002; Kahn & Flier, 2000). In addition, this may lend further support to the role of
regular aerobic exercise training as a first-line of defence in the management of insulin
resistance.
This thesis also demonstrated that 12 weeks of aerobic exercise training, performed
three times weekly, regardless of protocol (high-intensity intermittent exercise training
vs. moderate-intensity continuous exercise training) was effective in improving aerobic
fitness and physical activity enjoyment.

Of note, physical activity enjoyment was

observed to significantly improve following both HIIT and moderate-intensity,
continuous exercise training intervention programs; a finding which may have
implications for long-term exercise adherence (Hagberg et al., 2009; Ryan et al., 1997).
Results from this thesis also indicate that high-intensity exercise on a stationary bicycle
is well-tolerated and sustainable when interspersed with periods of exercise of lower
intensity (i.e. high-intensity, intermittent exercise); an important consideration,
especially for the prescription of exercise for an overweight and inactive population
with potentially low tolerance to exercise. Further, stationary cycling (load supporting)
may assist in reducing some of the physical limitations and injury risks related to
obesity that may be exacerbated with load bearing exercising (i.e. running).
Taken together, these findings may be important considerations when developing
guidelines for the prescription of exercise for an inactive and overweight population.
Findings from this thesis attempt to address the question of which exercise protocol
(high-intensity, intermittent exercise vs. moderate-intensity, continuous exercise) may
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be more effective in improving appetite control and may assist in determining the
optimal exercise prescription for individuals exercising for weight loss/maintenance.
5.4

Limitations and Future Research

While the findings of this thesis convey useful and important practical applications that
extend our knowledge in an important area regarding the effect of exercise on appetite
and energy intake, the following limitations do apply. Future research should seek to
address these limitations.
 With reference to Chapter 3, exercise was performed in a fasted state.

The

performance of the experimental exercise protocol in a postprandial state may elicit
a different eating behaviour and remains to be determined.
 With reference to both Chapters 3 and 4, appetite-related blood hormones and
perceived appetite ratings were only measured for 60 min following caloric
consumption. It is possible that differences in these measurements may emerge later
in the test day.
 The findings arising from this thesis are limited to the specific population examined;
that is, overweight and sedentary men.

Other populations (i.e. women and

physically active individuals) may respond differently to the type of exercise studied
here. As the results for this thesis may only be applicable to overweight and
inactive men, future research is required to assess the effects of high-intensity,
intermittent exercise on appetite regulation in other populations (e.g. trained
athletes, women, and the elderly). The examination of the use of this form of
exercise in trained athletes may provide important information for post-exercise
recovery management. For instance, a suppression of energy intake post-exercise in
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trained athletes may result in inadequate nutrition for post-training or competition
recovery.
 The applications of the findings of this thesis are limited to the specific exercise
protocol and modality employed in the study. That is, findings are specific to
exercising at a predetermined intensity and duration and performed on a stationary
exercise bike. The performance of the prescribed exercise protocol using a different
modality, such as running, may elicit a different outcome and will need to be
determined.
 The findings regarding eating behaviour and attitudes from this thesis are based only
on the Dutch Eating Behaviour Questionnaire (DEBQ). Future research may also
consider a more comprehensive assessment by combining the use of the DEBQ with
other questionnaires like the Three Factor Eating Questionnaire (TFEQ), Thai
Eating Questionnaire (TEQ) and Health and Taste Attitude Scale (HTAS).
 Findings of ad-libitum energy intake from this thesis are based on a single item
meal. While the use of a single item test meal, as per this thesis, is proposed to be
more appropriate for the isolated assessment of energy intake (i.e. no influence of
varied macronutrient intake), findings are limited to the single item test meal
condition.

Eating behaviour may differ with access to multiple food items (i.e.

buffet). The assessment of energy intake from a multi item test meal (i.e. buffet)
would provide information regarding macronutrient preferences and remains to be
determined.
 An ever present limitation with most appetite research assessing ad-libitum energy
intake in a laboratory setting is that energy intake measures may be influenced by
the

unrestricted

(free

and

unlimited)

access

to

food

and

drink

(i.e.

overconsumption). While, assessing food intake in the controlled environment of a
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laboratory allows for an accurate measurement of energy intake, it may not reflect
the free-living consumption of food.
 While the findings from this thesis provide and add some important information to
the literature examining the impact of exercise on appetite, future studies of a
longitudinal approach (> 12 months) and a larger sample size may be considered to
confirm the outcomes presented in this thesis.
 While the findings from the training study (Chapter 4) provide important insight to
the effect of the training protocols (HIIT vs MICT) on energy intake and physical
activity levels (i.e. at the end of the intervention period), it may be of interest for
future research to measure free-living energy intake and physical activity levels at
different points of the training period (i.e. mid-intervention).

 Future research may consider the assessment of physical activity enjoyment levels
more regularly through the training interventions. It would be interesting to examine
the potential changes in enjoyment levels during the training interventions. This may
provide important insight to how people might respond to HIIT at different stages of
training and help identify when people may require support to overcome barriers
preventing them from continuing their exercise regime/intervention.
 While the responses of a number of appetite-related hormones were measured for
this thesis, other mechanisms proposed to be responsible for mediating the
relationship between HIIT and appetite remain to be determined. Specifically, the
roles of neural activity of reward pathways in the brain, the rate of gut emptying and
other appetite-related hormones in appetite regulation will need to be determined.
 It has been previously shown that moderate-intensity, continuous exercise
performed 5 times per week for 12 weeks resulted in an improvement in appetite
regulation (Martins et al., 2013). However, with reference to Chapter 4, moderateintensity, continuous exercise training performed 3 times per week for 12 weeks did
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not result in improved appetite regulation. This lack of improvement following
moderate-intensity intermittent exercise training appears to suggest a certain
exercise threshold (i.e. volume of exercise) may be required to elicit improvements
in appetite regulation. Importantly, the current thesis showed that 12 weeks of highintensity, intermittent exercise performed 3 times per week resulted in a tendency
for enhanced appetite regulation. This finding suggests that HIIT may be a time
efficient protocol to enhance appetite regulation, though further research is required
to confirm this.
5.5

Conclusion

The research presented in this thesis demonstrates that an acute bout of high-intensity,
intermittent exercise suppresses energy intake. Importantly, this attenuation of postexercise energy intake appears to be more pronounced as the intensity of intervals
employed is increased. This thesis also shows that the repeated performance of highintensity, intermittent exercise performed 3 times per week over a 12 week period
appears to have beneficial effects for appetite regulation.

Importantly, this thesis

demonstrated that high-intensity, intermittent exercise is a format of exercise that is well
tolerated and does not compromise physical activity enjoyment in a previously
sedentary and overweight population. Taken together, the findings from this thesis
highlight the importance of appropriate exercise prescription and support the promotion
of high-intensity, intermittent exercise for sedentary and overweight individuals.
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The effect of exercise on food intake and its regulation
— Participant Information Sheet —
PURPOSE OF THIS STUDY
Exercise is an important factor in the regulation of appetite and food intake. This study
aims to investigate the effects of moderate, continuous exercise and high-intensity,
intermittent exercise on feelings of fullness and hunger, appetite-related hormones and
food intake.
PROCEDURES
Participation in this study will require you to attend five sessions at the Exercise
Physiology Laboratory at the School of Sport Science, Exercise and Health. The first
session will involve the collection of baseline measurements, including height, body
composition (fat, muscle and bone mass as measured by DEXA). During the DEXA
scan, you will lie quietly for 5 min on an x-ray bed while your body composition is
scanned. Following this, you will be required to answer a questionnaire assessing your
current physical activity routine, medical history and foods that you typically eat for
breakfast. The breakfast item determined from the questionnaire will be provided
during your next four visits to the lab to allow for the assessment of food intake postexercise. During this first session you will also be required to complete a graded
exercise test on a stationary bicycle to determine your current aerobic capacity. This
will involve cycling for approximately 20 minutes while breathing through a mouthpiece
to allow for the collection of your expired breath for analysis. You will be required to
increase the intensity of cycling every 3 minutes, until you indicate that you do not wish
to continue any longer. Following a short rest period, you will then be familiarised with
the three exercise tests to be performed in the subsequent sessions. The first session
will last for approximately 90 minutes.
The following four visits to the laboratory will involve exercise testing, which will be
performed on the same day of the week, with at least 1 week between sessions. The
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time and date will be chosen based on your availability. For each session, you will
need to arrive at the laboratory at 7:00 am, having fasted from both food and water
since 9 pm the night before. You will also be required to record all food and drink
consumption consumed on the day prior to each experimental trial. In addition, you will
be asked to refrain from alcohol consumption and vigorous physical activity in the 48
hour period before each trial. You will need to wear the same light clothing and running
shoes for each visit.
Upon arrival to the lab, a 0.5 ml (about a drop) capillary blood sample will be collected
from the tip of the finger following a small prick to the fingertip with sterile lancet device.
It is possible that slight discomfort may be felt at the site of the procedures, however
this is only temporary.Following the blood measurement, you will then be required to
complete one of the following four trials on each of the four visits to the lab;
i.

30 min of continuous stationary cycling at an exercise intensity that coincides with
about 60-65% of your peak capacity (V̇O2Peak), i.e., moderate-intensity exercise.

ii.

30 min of intermittent stationary cycling. This session involves cycling for 1 minute
at approximately 100-110% of your peak capacity (high-intensity exercise),
followed by cycling for 4 minutes at approximately 50-53% of your peak capacity
(low intensity exercise).

iii.

30 min of intermittent stationary cycling. This session involves cycling for 15
seconds at approximately 170-180% of your peak capacity (very high-intensity
exercise), followed by cycling for 1 minute at approximately 32-36% of your peak
capacity (very low intensity exercise).

iv.

30 min of rest (lying down in a quiet room) whist breathing through a mouthpiece
for the collection of your expired air so to determine your resting metabolic rate.

After the cycling exercise, you will be asked to complete a physical activity enjoyment
questionnaire to determine enjoyment levels of the test conditions. This will be followed
by a sequence of capillary blood sampling. You will then be required to finish a
standard liquid meal (Up & Go® liquid breakfast, Sanitarium), which will be provided by
the investigator. Two final sequences of blood sampling will again be performed
approximately 30 min and 60 min after the consumption of the standard liquid meal.
Following the final blood test, you will be provided with the breakfast food item that was
predetermined earlier from the baseline testing questionnaire. After leaving the
laboratory, you will be required to maintain a food journal and wear an energy
expenditure monitoring accelerometer for the remainder of the day and subsequent two
days. The four experimental trial sessions will last for approximately 120 minutes each.
RISKS
Blood sampling will be performed for the study and may result in temporary minor
discomfort, bruising and pain at the sampling site. The body composition scan (DEXA)
involves the use of a low dose x-ray about equal to one thousandth of the background
radiation you would receive in one year living in Perth. Further, slight discomfort may
also be experienced when completing the graded exercise test during baseline testing
as this test is designed to make you work to your maximum ability. In addition, the
high-intensity, intermittent exercise tests may result in similar discomfort levels.
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Exercise testing, body composition (DEXA) scanning and blood sampling are routinely
performed in our laboratory by experienced exercise physiologists.
BENEFITS
As a participant in this study you will obtain a record of your fitness levels ( O2Peak)
determined from the graded exercise test. The results of your O2Peak test will show
the maximum amount of oxygen your body can utilise during exercise, giving you a
record of your current fitness level and a comparison to the general population. You
will also gain a greater understanding of the effect of exercise on your food intake and
various blood markers and how this is influenced by exercise intensity and format. You
will also receive a free body composition scan that will determine body fat percentage
and muscle mass levels.
CONFIDENTIALITY
Your confidentiality will be maintained throughout the study through random
assignment of a number to de-indentify your data. All data collected will be securely
stored in a locked filing cabinet and password-protected computer assessable only to
the chief investigator and research assistants. The findings of this study may be
published, however all information used will be non identifiable.
YOUR RIGHTS
Participation in this research is voluntary and you are free to withdraw from the study at
any time without prejudice. You can withdraw for any reason and you do not need to
justify your decision. If you withdraw from the study and you are an employee or
student at the University of Western Australia (UWA) this will not prejudice your status
and rights as employee or student of UWA. If you do withdraw we may wish to retain
the data that we have recorded from you but only if you agree, otherwise your records
will be destroyed. Your participation in this study does not prejudice any right to
compensation that you may have under statute of common law. If you have any
questions concerning the research at any time please feel free to ask the researcher
who has contacted you about your concerns. Further information regarding this study
may be obtained from Associate Professor Karen Wallman.
"Approval to conduct this research has been provided by The University of Western
Australia, in accordance with its ethics review and approval procedures. Any person
considering participation in this research project, or agreeing to participate, may raise
any questions or issues with the researchers at any time.
In addition, any person not satisfied with the response of researchers may raise ethics
issues or concerns, and may make any complaints about this research project by
contacting the Human Research Ethics Office at The University of Western Australia on
(08) 6488 3703 or by emailing to hreo-research@uwa.edu.au
All research participants are entitles to retain a copy of any Participant Information For
and/or Participant Consent Form relating to this research project."
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Associate Professor Karen Wallman
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Email: karen.wallman@uwa.edu.au
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Mr Aaron Sim
Phone: 64881383
Email: simy03@student.uwa.edu.au

Effects of High-intensity, Intermittent Exercise on Energy Intake & its Regulation
- Participant Consent Form As a participant, you are free to withdraw your consent to participate at any time
without prejudice. The researchers will answer any questions you may have in regard
to the study at any time.
I
(participant’s name) acknowledge that I have read the above
statement and information sheet, which explains the nature, purpose and risks of the
investigation and that any questions I have asked have been answered to my
satisfaction. I agree to participate in this study realising that I may withdraw at any time
without prejudice.
I understand that all information provided is treated as strictly confidential and will not
be released by the investigator unless required to do so by law.
I agree that research data gathered for the study may be published provided my name
or other identifying information, such as photographs including my face, is not used.
I have been advised as to what data is being collected, the purpose for collecting the
data, and what will be done with the data upon completion of the research.

Participant

Date

I am willing for the experimenter to photograph me during the trials so that images can
be used in his final presentation.

Participant

Date
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Chief Investigator
Associate Professor Karen Wallman
Phone: 6488 2304
Email: karen.wallman@uwa.edu.au
Student Researcher
Mr Aaron Sim
Phone: 64881383
Email: simy03@student.uwa.edu.au
The effects of 12 weeks of exercise
training on food intake and its regulation
— Participant Information Sheet —
PURPOSE OF THIS STUDY
Exercise is an important factor in the long term regulation of appetite, food intake and
body weight maintenance. This study aims to investigate the effects of 12 weeks of
moderate-intensity, continuous exercise and high-intensity, intermittent exercise
training on feelings of fullness and hunger, appetite-related hormones and food intake.
PROCEDURES
If you are recruited to this study you will be randomly allocated to one of three different
groups. One group will participate in continuous, moderate-intensity exercise, the
second group will participate in exercise performed at both low and high intensities,
while the third group will initially involve no exercise (control group). If you are allocated
to the control group, you will be offered a training programme of your choice at the end
of the initial study. If selected to be part of the two exercise training groups, you will be
required to attend a total of forty-four sessions at the Exercise Physiology Laboratory at
the School of Sport Science, Exercise and Health over a period of 12 weeks. The
sessions will include 9 testing sessions and 36 training sessions (3 times weekly
training sessions over 12 weeks). If selected for the control group, you will be required
to come in to UWA for 9 testing sessions during the first 12 weeks of the programme.
Baseline testing
Regardless of what group you have been allocated to, you will need to attend the
laboratory at UWA for the collection of baseline measurements, including height, body
composition (fat, muscle and bone mass as determined by a DEXA scan). During the
DEXA scan, you will lie quietly for 5 minutes on an x-ray bed while your body is
scanned. Following this you will be required to answer a questionnaire assessing your
current physical activity routine, medical history and foods items that you typically eat
for breakfast. At this session you will also be required to complete a graded exercise
test on a stationary bicycle to determine your aerobic capacity. This test involves
cycling for approximately 20 minutes while breathing through a mouthpiece to allow for
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the collection of your expired breath for analysis. You will be required to increase the
intensity of cycling every three minutes until you advise us that you wish to stop the
test. A similar exercise test will be performed 6 weeks later so to determine whether
your aerobic fitness has changed. Following the graded exercise test and a short rest
period, you will then be familiarised with the training exercise protocols to be utilised for
the training sessions.
Assessment of food intake and appetite-related hormones
In order to compare the effects of the training programmes, your food intake and
related appetite hormones will be assessed at various time points during the 12 week
programme, (i.e., start, middle [week 6] and at the end of the programme). In order to
do this, you will need to come to the laboratory for testing on two days (separated by at
least a day) for each time point. On both days you will need to arrive at the laboratory
at 7:00 am, having fasted from both food and water since 9 pm the night before. Both
days of testing will require you to consume a standard liquid meal (Up & Go®,
Sanitarium) followed by a breakfast meal provided by the investigator. To monitor the
effects of the food consumed on the various appetite-related hormones and
metabolites, capillary blood will be sampled when you first arrive at the lab, as well as
at 30 and 60 minutes after the standard meal. For each round of blood sampling, a
capillary blood sample will be collected from the tip of the finger following a small prick
to the fingertip with a sterile lancet device. It is possible that slight discomfort may be
felt at the site of the procedures, however this is only temporary and the procedure is
performed by the researcher, who has been trained to take blood using these methods.
Exercise sessions
If selected for the exercise training groups, you will be required to complete one of the
following two training protocols.
v.

30-45 min (increasing in duration over the 12 weeks) of continuous stationary
cycling, performed at a moderate-intensity.

vi.

30-45 min (increasing in duration over the 12 weeks) of intermittent stationary
cycling, with this session consisting of short bouts of high-intensity exercise
interspersed with longer bouts of low intensity exercise.

The supervised training sessions will be conducted three times per week over a twelve
week period and varied time periods will be available for you to choose from.
RISKS
Blood sampling will be performed for the study and may result in temporary minor
discomfort, bruising and pain at the sampling site. The body composition scan (DEXA)
involves the use of a low dose x-ray about equal to one thousandth of the background
radiation you would receive in one year living in Perth. Further, slight discomfort may
also be experienced when completing the graded exercise test during baseline testing
as this test is designed to make you work to your maximum ability. In addition, the highintensity, intermittent exercise sessions tests may result in similar discomfort levels.
Exercise testing, body composition (DEXA) scanning and blood sampling are routinely
performed in our laboratory by experienced exercise physiologists.
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BENEFITS
Participants of the training intervention program will receive 12 weeks of supervised
exercise training and gain a greater understanding of the effect of long term exercise
on food intake regulation. You will also receive a free body composition scan that will
determine body fat percentage and muscle mass levels along with a record of your
current fitness levels obtain from the graded exercise test ( O2Peak).
CONFIDENTIALITY
Your confidentiality will be maintained throughout the study through random
assignment of a number to de-indentify your data. All data collected will be securely
stored in a locked filing cabinet and password-protected computer assessable only to
the chief investigator and research assistants. The findings of this study may be
published, however all information used will be non identifiable.
YOUR RIGHTS
Participation in this research is voluntary and you are free to withdraw from the study at
any time without prejudice. You can withdraw for any reason and you do not need to
justify your decision. If you withdraw from the study and you are an employee or
student at the University of Western Australia (UWA) this will not prejudice your status
and rights as employee or student of UWA. If you do withdraw we may wish to retain
the data that we have recorded from you but only if you agree, otherwise your records
will be destroyed. Your participation in this study does not prejudice any right to
compensation that you may have under statute of common law. If you have any
questions concerning the research at any time please feel free to ask the researcher
who has contacted you about your concerns. Further information regarding this study
may be obtained from Associate Professor Karen Wallman.

The Human Research Ethics Committee at the University of Western Australia
requires that all participants are informed that, if they have any complaint
regarding the manner, in which a research project is conducted, it may be given
to the researcher or, alternatively to the Secretary, Human Research Ethics
Committee, Registrar’s Office, University of Western Australia, 35 Stirling
Highway, Crawley, WA 6009 (telephone number 6488-3703). All study participants
will be provided with a copy of the Information Sheet and Consent Form for their
personal records.
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Chief Investigator
Associate Professor Karen Wallman
Phone: 6488 2304
Email: karen.wallman@uwa.edu.au
Student Researcher
Mr Aaron Sim
Phone: 64881383
Email: simy03@student.uwa.edu.au

The Effects of 12 Weeks of High-Intensity, Intermittent Exercise Training
on Energy Intake and its Regulation
- Participant Consent Form As a participant, you are free to withdraw your consent to participate at any time
without prejudice. The researchers will answer any questions you may have in regard
to the study at any time.
I
(participant’s name) acknowledge that I have read the above
statement and information sheet, which explains the nature, purpose and risks of the
investigation and that any questions I have asked have been answered to my
satisfaction. I agree to participate in this study realising that I may withdraw at any time
without prejudice.
I understand that all information provided is treated as strictly confidential and will not
be released by the investigator unless required to do so by law.
I agree that research data gathered for the study may be published provided my name
or other identifying information, such as photographs including my face, is not used.
I have been advised as to what data is being collected, the purpose for collecting the
data, and what will be done with the data upon completion of the research.

Participant

Date

I am willing for the experimenter to photograph me during the trials so that images can
be used in his final presentation.

Participant

Date
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School of Sports Science, Exercise & Health
Aaron Sim
T: 6488 1383 M: 04215616193
Aaron Sim
simy03@student.uwa.edu.au

Study 1 - Baseline and Familiarisation Session (Page 1/2)
Name: ________________________

Date: _______________

Ht: _______ (m) Wt: ________ (kg) BMI: ______

DEXA:

Total Body Fat: __________ (%)

Total Lean Mass: __________ (%)

 O2peak = __________)
Peak Oxygen Consumption Test ( V
Workload

Power (Watts)

1

50

2

80

3

110

4

140

5

170

6

200

7

230

8

260

9

290

10

320

VO2 (L.min-1)

VO2 (mL.kg.min-1)

Seat Height: _____
Heart Rate

RPE

School of Sports Science, Exercise & Health
Aaron Sim
T: 6488 1383 M: 04215616193
simy03@student.uwa.edu.au

Study 1 - Baseline and Familiarisation Session (Page 2/2)

Brief use of food journal

Brief use of accelerometer

Brief use of VAS

Exercise Protocol Familiarisation
1. MIC:

 O2peak = ____________ (Watts)
60% V

2 min x 1 time

2. HI

 O2peak = ____________ (Watts) - 60 sec
Work - 100% V
 O2peak = ____________ (Watts) - 240 sec
Recovery - ____ % V

x 1 time

3. VHI

 O2peak = ____________ (Watts) - 15 sec
Work - 170% V
 O2peak = ____________ (Watts) - 60 sec
Recovery - ____ % V

Familiarise / Perform Blood Sampling

x 2 times

Brief use of PACES

Familiarise / Perform Breakfast Meal Test
i.
ii.

Standard Liquid Meal
Chose Breakfast Item
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T: 6488 1383 M: 04215616193
simy03@student.uwa.edu.au

Study 1
Trial Session – Very High-Intensity, Intermittent VHI (Page 1/2)

Name: _____________ Date: ____ Wt: ___ (kg) A.Temp: ____( C) A.Hum ____(%)

Blood Sample & VAS (1)
Code: _______ Appetite Hormones:
Lactate: ______ (mmol) Glucose: ______(mmol)
VAS:
→ Exercise Test: Refer data sheet on the next page
Blood Sample & VAS (2)
Code: _______ Appetite Hormones:
VAS:

Lactate: ______ (mmol) Glucose: ______(mmol)

Physical Activity Enjoyment Questionnaire:

Standard Liquid Meal:

Time: __________

Blood Sample ~ 30 min post Std Liq Meal & VAS (3)
Code: _______ Appetite Hormones:
Lactate: ______ (mmol) Glucose: ______(mmol)
VAS:
Blood Sample ~ 60 min post Std Liq Meal & VAS (4)
Code: _______ Appetite Hormones:
VAS:

Lactate: ______ (mmol) Glucose: ______(mmol)

Ad Libitum Meal: Time: _____ Pre Weight: _________ (g) Post Weight: ________(g)
Water (Amount consumed): ____(ml) No. of Satchets of Oats (35g) ____ Milk ___ (ml)
VAS (5) ~ Immediately Post Ad Libitum Meal
VAS:

Food Journal Given:
Accelerometer Given:
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Study 1
Trial Session – Very High-Intensity, Intermittent VHI (Page 2/2)
 O2peak = ___________ (Watts) Rest HR: _____
Exercise Test (HI) Work: 170% V
 O2peak = ________ (Watts) Drink (250 ml):
Recovery: 32% V

Work/Rec
Bout
1 -7
8
9-15
16
17-23
24

Time

Power (Watts)

Heart Rate

RPE

Notes

15 sec
60 sec
15 sec
60 sec
15 sec
60 sec
15 sec
60 sec
15 sec
60 sec
15 sec
60 sec

177

School of Sports Science, Exercise & Health
Aaron Sim
T: 6488 1383 M: 04215616193
simy03@student.uwa.edu.au

Study 1
Trial Session – High-Intensity, Intermittent HI (Page 1/2)

Name: ________________ Date: ______ Wt: _____ (kg) A.Temp: _____( C) A.Hum
_____(%)
Blood Sample & VAS (1)
Code: _______ Appetite Hormones:
VAS:

Lactate: ______ (mmol) Glucose: ______(mmol)

 O2peak = _________ Watts) Rest HR: ____ Rest RPE: ____
Exercise Test (HI) Work: 100% V
 O2peak = ___________ (Watts)
Recovery: 50% V
Drink (250 ml):

Work/Rec
Bout
1
2
3
4
5
6

Time

Power (Watts)

Heart Rate

RPE

Notes

60 sec
240 sec
60 sec
240 sec
60 sec
240 sec
60 sec
240 sec
60 sec
240 sec
60 sec
240 sec

Blood Sample & VAS (2)
Code: _______ Appetite Hormones:
VAS:

Lactate: ______ (mmol) Glucose: ______(mmol)

Physical Activity Enjoyment Questionnaire:

Standard Liquid Meal:

Time: __________
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Study 1
Trial Session – High-Intensity, Intermittent HI (Page 2/2)
Blood Sample ~ 30 min post Std Liq Meal & VAS (3)
Code: ____ Appetite Hormones:

Lactate: ____ (mmol) Glucose: ______(mmol) VAS:

Blood Sample ~ 60 min post Std Liq Meal & VAS (4)
Code: ____ Appetite Hormones:
VAS:

Lactate: ______ (mmol) Glucose: ______(mmol)

Ad Libitum Meal: Time: _____ Pre Weight: ________ (g) Post Weight: ________(g)
Water (Amount consumed): ____ (ml) No. of Satchets of Oats (35g) ___ Milk ___ (ml)

VAS (5) ~ Immediately Post Ad Libitum Meal
VAS:

Food Journal Given:
Accelerometer Given:
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Study 1
Trial Session – Moderate-Intensity, Continuous MC (Page 1/2)

Name: ________________ Date: ______ Wt: _____ (kg) A.Temp: _____( C) A.Hum
_____(%)
Blood Sample & VAS (1)
Code: _____ Appetite Hormones:
VAS:

Lactate: ____ (mmol) Glucose: ______(mmol)

 O2peak = _________ (Watts) Rest HR: ___ Rest RPE: ___
Exercise Test (MC) 60% V
Work Effort

Time

Power (Watts)

Heart Rate

RPE

Notes

5
10
15
1
20
25
30

Blood Sample & VAS (2)
Code: ___ Appetite Hormones:

Lactate: ______ (mmol) Glucose: ______(mmol)

Physical Activity Enjoyment Questionnaire:

Standard Liquid Meal:

Time: __________
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Study 1
Trial Session – Moderate Continuous MC (Page 2/2)
Blood Sample ~ 30 min post Std Liq Meal & VAS (3)
Code: ____ Appetite Hormones:
VAS:

Lactate: ____ (mmol) Glucose: ______(mmol)

Blood Sample ~ 60 min post Std Liq Meal & VAS (4)
Code: ____ Appetite Hormones:
VAS:

Lactate: ____ (mmol) Glucose: ______(mmol)

Ad Libitum Meal: Time: _____ Pre Weight: _________ (g) Post Weight: ________(g)
Water (Amount consumed): ____ (ml) No. of Scts of Oats (35g) ____ Milk ____ (ml)

VAS (5) ~ Immediately Post Ad Libitum Meal
VAS:

Food Journal Given:
Accelerometer Given:
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Study 1
Trial Session – Control/Rest (Page 1/1)
Name: __________ Date: _____ Wt: _____ (kg) A.Temp: _____( C) A.Hum ___(%)
Blood Sample & VAS (1)
Code: ____ Appetite Hormones:
Control Test (Rest)
Time Expired
gas collected
(min)

Duration: 30 min

Tissot
Pre (cm)

Ve STPD

Lactate: ____ (mmol) Glucose: ______(mmol)
Drink (250 ml):

Tissot Post Ve Gas
(cm)
temp.
( ̊C)

V0₂ (L.min)

Barometric
Pressure
(mmHg)

VC0₂ (L.min)

Fe0₂

RER

FeC0₂

BMR

Blood Sample & VAS (2)
Code: ____ Appetite Hormones:
VAS:
Standard Liquid Meal:

Lactate: ______ (mmol) Glucose: ______(mmol)

Time: __________

Blood Sample & VAS (3) ~ 30 min post Std Liq Meal
Code: _____ Appetite Hormones:
Lactate: ____ (mmol) Glucose: ______(mmol)
VAS:
Blood Sample & VAS (4) ~ 60 min post Std Liq Meal
Code: ____ Appetite Hormones:
Lactate: ______ (mmol) Glucose: ______(mmol)
VAS:
Ad Libitum Meal: Time: _____ Pre Weight: _________ (g) Post Weight: ________(g)
Water (Amount consumed): _____ (ml) No. of Scts of Oats (35g) ____ Milk _____ (ml)
VAS (5) ~ Immediately Post Ad Libitum Meal
Food Journal Given:

VAS:

Accelerometer Given:
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Study 2 – Fitness and Anthropometrics (Pre) + Familiarisation
Name:

DOB:

Consent:

PA Readiness:

BP(SYS/DIA):

Date:

nb: For Pre-Training

Ht: _____ (m) Wt: ____ (kg) BMI: _____
DEXA: Total mass: _____ (kg) Body Fat: _____ (%) Lean Mass: ____ (g) BMC: _____
 O2peak = _________)
Peak Oxygen Consumption Test ( V

Workload

Power (Watts)

1

50

2

80

3

110

4

140

5

170

6

200

7

230

8

260

9

290

10

320

VO2 (L.min-1)

Seat Height: _____

VO2 (mL.kg.min-1)

Heart Rate

RPE

Familiarisation Protocol

 O2peak = ____________ (Watts)
4. MIC: 60% V
5. VHI:
 O2peak = ____________ (Watts) - 15 sec
Work - 170% V
 O2peak = ____________ (Watts) - 60 sec
Recovery - 32 % V
VAS

PACES

Blood Sampling

Standard Liquid Meal

Food journal

Accelerometer

Ad-Libitum Meal
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Study 2 – Fitness and Anthropometrics (Mid)
Name:

DOB:

BP(SYS/DIA):

Date:

Ht: _____ (m) Wt: _____ (kg) BMI: ___
 O2peak = ________)
Peak Oxygen Consumption Test ( V

Workload

Power (Watts)

1

50

2

80

3

110

4

140

5

170

6

200

7

230

8

260

9

290

10

320

VO2 (L.min-1)

VO2 (mL.kg.min-1)

Seat Height: _____
Heart Rate

RPE
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Study 2 – Fitness and Anthropometrics (Post)
Name:

DOB:

BP(SYS/DIA):

Date:

Ht: _____ (m) Wt: _____ (kg) BMI: ______
DEXA: Total mass: ____ (kg) Body Fat: _____ (%) Lean Mass: _____ (g) BMC: ____

 O2peak = _______)
Peak Oxygen Consumption Test ( V

Workload

Power (Watts)

1

50

2

80

3

110

4

140

5

170

6

200

7

230

8

260

9

290

10

320

VO2 (L.min-1)

VO2 (mL.kg.min-1)

Seat Height: _____
Heart Rate

RPE
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Study 2 – Meal Testing Session DAY 1 (Example)

Name: __________Date: ____ Wt: ____ (kg) A.Temp: _____( C) A.Hum _____(%)

Blood Sample & VAS (1)
Code: _____ Appetite Hormones:
VAS:
Standard Liquid Meal (

Lactate: ____ (mmol) Glucose: ____(mmol)

) & VAS (2):

Time: _______

Blood Sample (2) ~ 30 min post Std Liq Meal & VAS (3)
Code: ____ Appetite Hormones:
Lactate: ______ (mmol) Glucose: ______(mmol)
VAS:
Blood Sample (3) & VAS (4) ~ 60 min post Std Liq Meal
Code: ____ Appetite Hormones:
VAS:

Lactate: ____ (mmol) Glucose: _____(mmol)

Ad Libitum Meal: Time: _____ Pre Weight: _________ (g) Post Weight: ________(g)
Water (Amount consumed): _____ (ml) No. of Satchets of Oats (35g) ___ Milk __ (ml)
VAS (5) ~ Immediately Post Ad Libitum Meal
VAS:

Food Journal Given:
Accelerometer Given:
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Appendix D
Food Diary (Chapter 3 & 4 – Study 1 & 2)

187

Daily Food Diary
Name:

Date: _________________

Please record all food and drinks that you have for i) day before the next test, ii) day of
the test (after test session) and iii) day after the test as indicated on the form provided.
You should write the food and drinks down as soon as you have them (or as soon as
practically possible).

For all food and drinks that you eat, please record as many details as possible
including;


the type of food (i.e. full cream milk or hilo or skim)



the amount (grams / mL / number of pieces/serves) of each food/drink (pre
weight – post weight)



the brand name if possible



the way that the meal was cooked (i.e. grilled versus deep fried)



the picture of the food item before and after (even if empty) – if unsure
(review with investigator during the next trial)

Weighing food
Place a plate, a bowl, or cup containing the food or drink item on weighing
scale. Note down the weight. After finishing your meal, repeat weighing of food.
Place the plate, a bowl, or cup containing the food that is left over (or an empty
container if food item is completely consumed. Note down the weight. Weight
(Amount) of food item is Pre weight – post weight.
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Below is an example of a food diary entry
Pre Test Day

Meal

BREAKFAST

Trial:__MC_____
Food Type
(e.g.
wholegrain
bread,
vegemite)
Wholegrain
bread
Orange
Juice
Vegemite
spread
Multigrain
roll
Ham

LUNCH

Cheddar
cheese
Grated
carrot

Date: 8/0412

Day of week:_Sunday_

Brand
(e.g. Mias,
Kraft)

Cooking
method
(or other
comments)

Woolworths

Toasted

2 cups

Vegemite

½ tablespoon

Local
bakery

Medium size

Deli item

3 thick cut
slices

Kraft slices

2 thin slices
1 cup
2 slices

Choc milk
(Light)

Masters

Steak

Coles

potatoes

DINNER

SNACKS

Mixed nuts

600 ml
BBQ
cooked

palm size

baked

2 baby/small

Homemade

2 x cups
salad
1 tbs dressing

Nestle

3 med.
scoops

Homemade

Water
Low fat
milk
Banana
muffin

Picture
(taken
before &
after)

4 slices

Brownes
Orange C

Beetroot

Garden
Salad +
dressing
Choc chip
ice cream,
low fat
Stir fried
noodles

Amount
(in grams or
mL or number
of pieces)

Brownes
homemade

Stir fried

300 g






3 cups (750
mL)
1 cup (300
ml)
Medium size
1 ½ cup
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Pre Test Day (Example)

Meal

Trial:_____

Food Type
(e.g. wholegrain
bread,
vegemite)

Date:_______

Brand
(e.g. Mias,
Kraft)

Day of week:________

Cooking
method
(or other
comments)

Amount
(in grams
or mL or
number
of pieces)

Picture
(taken
before
& after)

BREAKFAST

LUNCH

DINNER

SNACKS
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Appendix E
DEBQ,VAS, PACE, RPE (Chapter 3 & 4 – Study 1 & 2)
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DUTCH EATING BEHAVIOURAL
QUESTIONNAIRE (DEBQ)
– RESTRAINT SCALE
Name: ________________________

1.
2.
3.

4.
5.
6.
7.
8.

9.
10.

Date: ________________

If you put on weight do you eat less than you usually do?
Never
Seldom
Sometimes
Often
Very Often
Do you try to eat less at mealtimes than you would like to eat?
Never
Seldom
Sometimes
Often
Very Often
How often do you refuse food and drink offered because you are concerned about your
weight?
Never
Seldom
Sometimes
Often
Very Often
Do you watch exactly what you eat?
Never
Seldom
Sometimes
Often
Very Often
Do you deliberately eat foods that are slimming?
Never
Seldom
Sometimes
Often
Very Often
When you have eaten too much, do you eat less than usual the following days?
Never
Seldom
Sometimes
Often
Very Often
Do you deliberately eat less in order not to become heavier?
Never
Seldom
Sometimes
Often
Very Often
How often do you try not to eat between meals because you are watching your
weight?
Never
Seldom
Sometimes
Often
Very Often
How often in the evening do you try not to eat because you are watching your weight?
Never
Seldom
Sometimes
Often
Very Often
Do you take into account your weight with what you eat?
Never
Seldom
Sometimes
Often
Very Often

Adapted from:
VAN STRIEN, T., FRIJTERS, J. E. R., BERGERS, G. & DEFARES, P. B. 1986. The Dutch Eating Behavior Questionnaire (DEBQ)
for assessment of restrained, emotional, and external eating behavior. International Journal of Eating Disorders, 5, 295315.
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VAS - APPETITE
Name: _______________________
Date: ____________
Trial: ____________
Timepoint: _____________

How hungry do you feel?
not at
all hungry

as hungry as
I have ever felt

How full do you feel?
not at all full

as full as
I have ever felt

How satiated (satisfied) are you right now?
not at all
full

extremely

How strong is your desire to eat right now?
very weak

very strong

How much do you think you could eat right now?
nothing at all

a large amount
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PHYSICAL ACTIVITY ENJOYMENT SCALE (PACES)
Name: ______________________

Trial: ___________

Date: ___________

Please rate how you feel at the moment about the physical activity you have been doing.
1
2
3
I enjoyed it
1
2
3
I felt bored
1
2
3
I disliked it
1
2
3
I found it pleasurable
1
2
3
I was very absorbed in this activity
1
2
3
It was not fun at all
1
2
3
I found it energizing
1
2
3
It made me depressed
1
2
3
It was very pleasant
1
2
3
I felt good physically while doing it
1
2
3
It was very invigorating
1
2
3
I was very frustrated by it
1
2
3
It was very gratifying
1
2
3
It was very exhilarating
1
2
3
It was not all stimulating
1
2
3
It gave me a strong
sense of accomplishment
1
2
3
It was very refreshing
1
2
3
I felt as though I would be
rather be doing something else

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4
4

5

6

7
I hated it
5
6
7
I felt interested
5
6
7
I liked it
5
6
7
I found it unpleasurable
5
6
7
I was not at all absorbed in this activity
5
6
7
It was a lot of fun
5
6
7
I found it tiring
5
6
7
It made me happy
5
6
7
It was very unpleasant
5
6
7
I felt bad physically while doing it
5
6
7
It was not at all invigorating
5
6
7
I was not at all frustrated by it
5
6
7
It was not at all gratifying
5
6
7
It was not at all exhilarating
5
6
7
It was very stimulating
5
6
7
It did not give me a
sense of accomplishment at all
5
6
7
It was not at all refreshing
5
6
7
I felt as though there was
nothing else I would rather be doing
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Aaron Sim

RATING OF PERCEIVED EXERTION (RPE)

6
7

VERY VERY LIGHT

8
9

VERY LIGHT

10
11

FAIRLY LIGHT

12
13

SOMEWHAT HARD

14
15

HARD

16
17

VERY HARD

18
19

VERY VERY HARD

20
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Appendix F
Pre-Exercise Screening & Hedonic Scale
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HEDONIC SCALE
Name: ________________________

Date: ________________

Please indicate degree of
liking of breakfast food
item (porridge)

9-Point Hedonic Scale
Like Extremely

9

Like Very Much

8

Like Moderately

7

Like Slightly

6

Neither Like nor Dislike

5

Dislike Slightly

4

Dislike Moderately

3

Dislike Very Much

2

Dislike Extremely

1
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Appendix G
Training Log (Chapter 4 – Study 2)
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School of Sports Science, Exercise & Health
Aaron Sim
T: 6488 1383 M: 04215616193
simy03@student.uwa.edu.au

TRAINING LOG
Participant: ________________________

Group: VHI / MC

Bike: ______

Week 1
DAY 1

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 2

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

RPE

Notes

min

20

min

min

30

min

HR

10

min

min

DAY 3

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

30

min

min

Week 2
DAY 4

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 5

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

RPE

Notes

min

20

min

min

30

min

HR

10

min

min

DAY 6

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

30

min

min

Week 3
DAY 7

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR
10

min

20

min

30

min

RPE

Notes

DAY 8

DAY 9

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

10

min

20

min

30

min

HR

RPE

Notes

HR

RPE

Notes

10

min

20

min

30

min
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Week 4
DAY 10

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 11

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

20

30

35

Notes

min

30

min

min

35

min

RPE

min

min

min

HR

10

min

min

DAY 12

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

35

min

min

Week 5
DAY 13

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 14

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

20

30

35

Notes

min

30

min

min

35

min

RPE

min

min

min

HR

10

min

min

DAY 15

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

35

min

min

Week 6
DAY 16

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR
10

min

20

min

30

min

35

min

RPE

Notes

DAY 17

DAY 18

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

10

min

20

min

30

min

35

min

HR

RPE

Notes

HR

RPE

Notes

10

min

20

min

30

min

35

min
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Week 7
DAY 19

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 20

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

20

30

40

Notes

min

30

min

min

40

min

RPE

min

min

min

HR

10

min

min

DAY 21

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

40

min

min

Week 8
DAY 22

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 23

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

20

30

40

Notes

min

30

min

min

40

min

RPE

min

min

min

HR

10

min

min

DAY 24

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

40

min

min

Week 9
DAY 25

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR
10

min

20

min

30

min

40

min

RPE

Notes

DAY 26

DAY 27

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

10

min

20

min

30

min

40

min

HR

RPE

Notes

HR

RPE

Notes

10

min

20

min

30

min

40

min
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Week 10
DAY 28

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 29

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

20

30

40

30

min

40

40

min

45

min

45

min

Notes

min

min

Min

RPE

min

min

min

HR

10

min

min

DAY 30

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

45

min

min

Week 11
DAY 31

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR

RPE

Notes

10

DAY 32

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

HR

RPE

Notes

10

min

20

20

30

20

30

40

30

min

40

40

min

45

min

45

min

Notes

min

min

min

RPE

min

min

min

HR

10

min

min

DAY 33

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

45

min

min

Week 12
DAY 34

Date:___/___/___ Time:_______
Resting HR: ____ Watt:________

HR
10

min

20

min

30

min

40

min

45

min

RPE

Notes

DAY 35

DAY 36

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Date:___/___/___ Time:_______
Resting HR: ____ Watt:_______

Min

Min

10

min

20

min

30

min

40

min

45

min

HR

RPE

Notes

HR

RPE

Notes

10

min

20

min

30

min

40

min

45

min
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Appendix H
VO2Peak and Appetite Regulation Data
of Intervention Groups (HIIT vs. MICT)
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Participant

HIIT
PreIntervention
VO2 Peak
(ml/kg/min)

1
2
3
4
5
6
7
8
9
10
MEAN
SD

38.49
33.20
35.91
36.31
41.85
38.49
35.01
32.42
30.12
26.33
34.812
4.50

PostPost - Pre
Intervention Difference
VO2 Peak
VO2 Peak
(ml/kg/min) (ml/kg/min)
45.08
38.30
40.33
45.39
44.28
42.09
40.35
38.24
39.89
30.28
40.42
4.43

6.60
5.10
4.41
9.08
2.43
3.60
5.34
5.82
9.77
3.95
5.61
2.33

PostHigh- Energy
Low- Energy
Pre-Intervention
Intervention
Preload Change in Preload Change in
Change in Energy
Change in Energy Energy intake at test Energy intake at test
intake at test meal
intake at test meal
meal (i.e.,
meal (i.e.,
(i.e., HEP - LEP)
(i.e., HEP - LEP)
preintervention preintervention 436.11
-559.78
-104.15
891.75
-65.09
-462.15
371.02
768.07
423.09
-663.93
-1464.55
-377.53
-227.82
-403.56
-761.56
-585.82
13.02
-839.67
-982.87
-130.18
989.38
-117.16
-1640.29
-533.75
221.31
-442.62
-976.36
-312.44
-807.13
286.40
71.60
-1021.93
-716.00
-1087.02
123.67
494.69
-696.47
-878.73
195.27
377.53
-42.96
-516.82
-516.82
-42.96
-585.39
-395.82
-735.66
-639.74

Participant

MIIT

1
2
3
4
5
6
7
8
9
10
MEAN
SD

PreIntervention
VO2 Peak
(ml/kg/min)
28.47
27.89
40.86
33.04
29.65
42.92
42.37
36.63
27.72
38.90
34.84
6.22

PostIntervention
VO2 Peak
(ml/kg/min)
35.01
32.77
47.57
34.67
37.30
51.84
44.20
38.58
31.04
44.30
39.73
6.90

Pre-Intervention
Post - Pre
Change in Energy
Difference
intake at test meal
VO2 Peak
(i.e., HEP - LEP)
(ml/kg/min)
(Kcal)
6.54
794.11
4.89
-84.62
6.71
-885.24
1.63
-364.51
7.65
247.35
8.93
344.98
1.83
540.25
1.95
403.56
3.32
455.64
5.40
742.04
4.88
219.36
2.61
-523.48

PostIntervention
Change in Energy
intake at test meal
(i.e., HEP - LEP)
221.31
344.98
-559.78
143.20
618.36
143.20
716.00
-162.73
-618.36
-1529.64
-68.35
-676.54

High- Energy
Preload Change in
Energy intake at test
meal (i.e.,
preintervention -1002.40
253.85
-865.71
585.82
-331.96
227.82
1497.09
-19.53
32.55
-2369.31
-199.18
-1042.63

Low- Energy
Preload Change in
Energy intake at test
meal (i.e.,
preintervention -429.60
-175.75
-1191.16
78.11
-702.98
429.60
1321.35
546.76
1106.55
-97.64
88.52
-783.13
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Appendix I
High-Intensity, Intermittent Exercise
Attenuates Ad-libitum Energy Intake

206

207

Appendix J
Post-exercise Energy Load and Activities May Affect
Subsequent Ad- Libitum Energy Intake
&
Response to ‘Post-exercise Energy Load and Activities
May Affect Subsequent Ad- Libitum Energy Intake’
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Appendix K
Effects of High-Intensity Intermittent Exercise Training
on Appetite Regulation
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