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Executive Summary 

Regular exercise is associated with a variety of physical and psychological benefits. However, 

certain post-exercise behaviours, such as consuming excess or unhealthy foods, may 

counteract at least some of the benefits of exercise. The effect of exercise on subsequent 

food consumption appears to be influenced by the physiological demands of the exercise, as 

well as the psychological experience of exercise. Specifically, the format of an acute bout of 

exercise may moderate subsequent food intake, with some evidence indicating that high-

intensity intermittent exercise suppresses appetite and energy intake in the post-exercise 

period compared with traditionally-prescribed continuous exercise performed at moderate 

intensity. Meanwhile, the social conditions in which exercise is performed may also alter 

subsequent food choices, with the provision of an autonomy-supportive (relative to a 

controlling) exercise environment more likely to promote healthier food choices. Although 

the psychological and physiological effects of exercise on subsequent appetite and food 

consumption have been investigated in recent years, these issues have been examined in 

isolation. No previous work has been undertaken to explore the interactive effects of the 

physiological demands and social conditions of exercise on subsequent food choices. As such, 

the primary aim of this thesis was to investigate independent and interactive effects of high-

intensity intermittent exercise and exercise social conditions on overall energy intake and 

specific food choices (i.e., healthy versus unhealthy) both acutely following a single bout of 

exercise, and in response to a prolonged period of exercise training. 

 

The first study presented in this thesis (Chapter 2) explored the effects of the format of an 

acute bout of exercise (i.e., sprint interval training (SIT – a specific type of high intensity 

intermittent exercise) relative to moderate-intensity continuous training (MICT)), and 

psychological need-support (through the provision of support for autonomy, competence, 

and relatedness) on energy intake and food choices during the hours following an exercise 

session. This study tested the hypotheses that i) there would be a main effect for exercise 

format, whereby SIT, relative to MICT, would result in reduced total and ‘unhealthy’ energy 

intake post-session, ii) there would be a main effect for need-support, whereby need-

supportive conditions would result in less total and ‘unhealthy’ energy consumed by 
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participants post-exercise compared with those in a no-support condition, and iii) there would 

be an interaction between the format of exercise and provision of need-support, whereby SIT 

combined with need-support would result in the least amount of food consumed, particularly 

from ‘unhealthy’ sources, post-exercise. Forty physically inactive men and women were 

randomised to either a need-support or no-support condition, with each participant 

completing two experimental trials involving 30 min of MICT (cycling at 60% peak oxygen 

consumption (V̇O2peak)) and SIT (alternating 15 s at 170% V̇O2peak and 60 s at 32% V̇O2peak) 

matched for total work. Perceptions of appetite and appetite-related blood variables were 

assessed, together with ad libitum energy intake for three hours following exercise using a 

laboratory test meal. Heart rate, perceived exertion, blood lactate, and enjoyment were all 

higher in the SIT trial. Ratings of perceived appetite were similar across conditions and trials; 

however, active ghrelin was lower along with energy intake from ‘unhealthy’ foods at the 

breakfast meal following SIT compared with MICT, irrespective of whether participants were 

provided with need-support. There was also a significant condition-by-format interaction for 

overall energy intake, with participants in the need-support group consuming less energy 

following SIT (1895 ± 1040 kJ) than MICT (2475 ± 1192 kJ). These findings suggest that an 

acute bout of SIT, particularly when delivered in need-supportive conditions, is well-tolerated 

in a physically inactive population and may be an alternative format of exercise for individuals 

concerned with their post-exercise dietary intake.  

 

The observation that an acute bout of SIT completed under psychologically need-supportive 

conditions resulted in a suppression of post-exercise energy intake raised the question of 

whether repeated exposure to this form of training may alter appetite or post-exercise food 

consumption over the longer term. As such, the aim of the second study presented in this 

thesis (Chapter 3) was to investigate the effects of a 12-week exercise intervention 

(randomised controlled trial) incorporating SIT with the addition of need-support, compared 

with standard exercise guidelines (i.e., MICT without need-support) on food consumption, 

appetite, appetite-regulating blood variables, and other health-related outcomes. 

Participants completed 12 weeks of exercise training (3 sessions per week of either SIT with 

need-support, or MICT without need-support, starting with 30 min per session in weeks 1-2, 

progressing up to 50 min per session in weeks 9-12 in order to meet international exercise 
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guidelines of 150 min exercise per week). Body composition, aerobic fitness, and 

compensatory eating behaviours were assessed pre- and post-intervention. Perceived 

appetite and appetite-related hormones were assessed pre- and post-intervention in the 

fasting state, together with ad libitum energy intake in response to a 30-minute bout of 

exercise performed at the same relative intensity and format of their prescribed training 

sessions. Psychological perceptions of the exercise sessions were assessed following the 

intervention. Perceptions of autonomy-support and competence-support (structure) were 

higher in the SIT intervention group, together with perceived enjoyment, value, and 

competence. There was a significant increase in body mass, comprised of lean mass and fat 

mass, and a significant increase in V̇O2peak following both exercise interventions (no difference 

between groups). With respect to the responses to an acute bout of exercise performed pre- 

and post-intervention, there were no changes to perceived appetite, or appetite-related 

blood variables as a result of the training; however, participants in the SIT group consumed 

less total energy, and specifically energy from ‘unhealthy’ snack foods following the 12-week 

intervention, compared with baseline. These findings suggest that SIT delivered with 

psychological need-support may be a more enjoyable alternative to traditionally-

recommended moderate-intensity exercise, and attenuate ‘unhealthy’ post-exercise snack 

consumption; however, this form of training is not necessarily associated with weight loss 

over a 12-week period. 

 

In summary, the research presented in this thesis demonstrates that an acute bout of SIT with 

psychological need-support attenuates post-exercise energy intake, relative to MICT. 

Furthermore, continued participation in these exercise conditions over a 12-week period may 

reduce individuals’ propensity for ‘unhealthy’ snacking following exercise. Importantly, an 

acute bout and longer-term training period of this format of exercise may be perceived as a 

more enjoyable format of exercise in previously inactive individuals with overweight. Taken 

together, these findings highlight the importance of considering a multi-disciplinary approach 

to exercise prescription that is suited to individuals’ long-term energy balance goals, 

particularly for populations who are not meeting physical activity guidelines and/or are 

overweight, given the numerous health conditions associated with overweight and physical 

inactivity.   
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Chapter 1 

Literature Review
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1.1 Introduction 

Exercise is a healthy behaviour that is associated with a variety of physical and psychological 

benefits (Warburton, Nicol, & Bredin, 2006). These benefits include maintenance of a healthy 

weight (Stiegler & Cunliffe, 2006), the prevention of non-communicable chronic diseases such 

as type-2 diabetes and cardiovascular disease (Bassuk & Manson, 2005), and enhanced 

psychological well-being and overall quality of life (Scully, Kremer, Meade, Graham, & 

Dudgeon, 1998). However, the extent to which these outcomes are fully realised varies 

among individuals—an issue that is likely to be accounted for, at least in part, by unhealthy 

or excessive food and/or drink consumption in association with exercise. Such consumption 

may lead to full or over-compensation for the energy expended during exercise, and/or have 

implications for developing lifestyle diseases such as cardiovascular disease and type-2 

diabetes if this consumption occurs through ‘unhealthy’ food and drink intake (Parillo & 

Riccardi, 2004).  

 

The relationship between exercise and energy intake is varied across individuals and 

situations (Beaulieu, Hopkins, Blundell, & Finlayson, 2018; Schubert, Desbrow, Sabapathy, & 

Leveritt, 2013), and in recent years, researchers have devoted significant attention to 

identifying the reasons for such variability. Scholars have shown that various factors relating 

to the individual person and the specific nature of the exercise performed can influence post-

exercise energy intake. With specific respect to the latter, there is evidence that ‘in-session’ 

modifiable factors such as the physiological demands of (Broom et al., 2017; Sim, Wallman, 

Fairchild, & Guelfi, 2014), and the psychological experiences in, exercise (Beer, Dimmock, 

Jackson, & Guelfi, 2017; Fenzl, Bartsch, & Koenigstorfer, 2014) can influence post-exercise 

energy intake. Little is known, however, about the influence of combinations of these 

factors—and possible interactions between them—on post-exercise appetite and food and 

drink consumption. This review of the literature will overview the acute effect of exercise on 

appetite and subsequent energy intake, and explore the key factors influencing these 

relationships. In particular, the physiological demands associated with exercise that have 
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been shown to influence post-exercise energy intake will be discussed, along with conceptual 

and preliminary empirical work in which psychological experiences in exercise, namely those 

associated with different forms of motivation, have been linked to post-exercise food 

consumption. The effect of regular exercise training on appetite and energy intake will also 

be reviewed, with consideration of the implications of current research for optimising 

exercise to minimise the potential for overcompensation of energy via intake of unhealthy 

foods and drinks following exercise.  

 

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

The effect of an acute bout of exercise on subsequent dietary behaviours (i.e., appetite, 

energy intake, and/or food choices) has received a considerable amount of research attention 

over the last few decades. This is partly due to the observation that weight-loss attempts 

involving exercise often result in less than expected weight loss, which may be due to an 

upregulation of appetite or compensation via subsequent food/drink consumption (King et 

al., 2007). Researchers who have studied the influence of an acute bout of exercise on 

appetite and energy intake have noted a considerable amount of variability in the dietary 

responses to exercise, with some observing an increase (Erdmann, Tahbaz, Lippl, Wagenpfeil, 

& Schusdziarra, 2007; Martins, Morgan, Bloom, & Robertson, 2007; Shorten, Wallman, & 

Guelfi, 2009), decrease (Sim et al., 2014; Ueda, Yoshikawa, Katsura, Usui, Nakao, et al., 2009), 

or no change (Balaguera-Cortes, Wallman, Fairchild, & Guelfi, 2011; King, Wasse, Broom, & 

Stensel, 2010) in subsequent energy intake. Indeed, Schubert and colleagues (2013), in their 

meta-analysis examining the effect of acute exercise on subsequent energy intake, reported 

that of the 51 trials reviewed, 28 trials showed minimal or no change (less than 400 kJ 

difference) in energy intake, 17 trials showed an increase of more than 400 kJ, and six trials 

showed a decrease of more than 400 kJ in energy intake. Notably, however, the studies 

included in this analysis investigated the effect of exercise vs no exercise on subsequent 

energy intake, rather than comparing the specific characteristics of different exercise 

protocols to determine which exercise conditions have the strongest influence on energy 

intake. This is important given that the variability in dietary responses to exercise may be 
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explained, at least in part, by various factors relating to both the individual person and the 

specific nature of the exercise performed.  

 

1.3 Factors Influencing the Effect of Exercise on Subsequent Energy Intake 

The precise effect of exercise on appetite and energy intake appears to be influenced by 

numerous factors. For instance, characteristics of the individual, such as body composition 

(George & Morganstein, 2003) and background physical activity levels (Jokisch, Coletta, & 

Raynor, 2012), may be involved in the exercise-appetite relationship. Of these individual 

characteristics, it has been suggested that physical activity levels may be a strong predictor of 

subsequent dietary responses (Schubert et al., 2013), with researchers showing that 

physically inactive individuals may have impaired energy intake regulation, compared with 

physically active individuals (Beaulieu, Hopkins, Blundell, & Finlayson, 2016; Martins, Morgan, 

& Truby, 2008). Additionally, the external (environmental) conditions in which exercise is 

performed, such as the time of day of exercise (Maraki et al., 2005; O’Donoghue, Fournier, & 

Guelfi, 2010) and ambient temperature (Crabtree & Blannin, 2015; Faure et al., 2016; Shorten 

et al., 2009), have also been implicated in the exercise-appetite relationship. For instance, 

researchers have shown that exercising in a warm—compared with a cold—environment is 

associated with reduced subsequent energy intake (Dressendorfer, 1993; White, 

Dressendorfer, Holland, McCoy, & Ferguson, 2005). While these characteristics of the 

individual and the environment in which exercise is performed may influence the extent to 

which individuals alter their energy intake in response to exercise, it is important to highlight 

that they will not be a focus of the current review. In this next section, attention is given to 

literature on ‘in-session’ modifiable factors (i.e., characteristics of the exercise session itself) 

that influence the physiological demands of exercise, and that have been linked to varied 

appetite and energy intake responses. Modifiable characteristics of the exercise itself that 

may influence subsequent appetite and energy intake include the mode (Balaguera-Cortes et 

al., 2011), duration (Erdmann et al., 2007), intensity (Pomerleau, Imbeault, Parker, & Doucet, 

2004), and the format (i.e., traditionally-recommended moderate-intensity continuous 

exercise versus high-intensity intermittent exercise (HIIT)) (Martins et al., 2015; Sim et al., 

2014) of exercise. In the following section of this chapter, attention will then turn to the 
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accumulating evidence that psychological experiences during exercise, namely those aligned 

with different forms of motivation (Beer et al., 2017; Fenzl et al., 2014), may influence post-

exercise food intake. Overall, this chapter will highlight key putative physical and 

psychological factors associated with exercise participation that have been linked to post-

exercise energy intake.  

 

1.3.1 The Impact of the Physiological Demands of Exercise on Post-Exercise Energy Intake 

1.3.1.a Exercise Duration 

Inconsistent findings have been reported across the few studies on the influence of exercise 

duration on post-exercise energy intake. Scholars have noted that prolonging the duration of 

exercise may result in an increase (Erdmann et al., 2007), decrease (Broom et al., 2017), or no 

change (Holliday & Blannin, 2017; King, Burley, & Blundell, 1994) in appetite and/or energy 

intake. Evidence for the orexigenic (i.e., appetite stimulating) effect of increased exercise 

duration on food and drink consumption was provided by Erdmann et al. (2007), who 

demonstrated that healthy participants consumed significantly more energy following 120 

min cycling at a low intensity (50 W), compared with 60 or 30 min cycling at the same intensity 

or a resting control condition. However, other researchers who have investigated the effect 

of exercise duration on subsequent energy intake have focused on shorter exercise durations, 

perhaps due to ecological validity constraints in non-athletic populations (i.e., most 

individuals do not typically perform a continuous bout of exercise for ≥ two hours, even at a 

low intensity). More recently, Broom et al. (2017) examined the effects of 45 min and 90 min 

of matched-intensity (70% peak oxygen consumption; V̇O2peak) treadmill running on the 

acylated ghrelin response to exercise (high levels of which stimulate hunger). These 

researchers reported a similar decrease in perceived hunger and acylated ghrelin for both 

conditions immediately post-exercise compared with a resting control trial; however, 

perceived hunger and concentrations of acylated ghrelin remained suppressed for a longer 

period post-exercise following the prolonged exercise condition (Broom et al., 2017). These 

findings indicate that longer exercise durations may extend the exercise-induced suppression 

of acylated ghrelin, which in turn may reduce the propensity for over-compensation of 

food/drinks for a longer period following exercise, although actual energy intake was not 
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assessed in this particular study. It is also important to acknowledge that energy expenditure 

could not be matched between conditions in the studies discussed, raising the question of 

whether any effect is specifically attributable to the increased duration of exercise or 

increased overall energy expenditure. Mechanistically, it is possible that duration itself may 

not be a moderating factor in the exercise-appetite relationship, and instead a certain energy 

expenditure threshold may exist, above which complete energetic compensation during 

recovery is unlikely. However, further research is needed to confirm whether there is an 

optimal duration for exercise and/or threshold for absolute energy expenditure to result in a 

negative energy balance.  

 

1.3.1.b Exercise Mode 

The modality of exercise may influence post-exercise appetite and food intake, with 

researchers comparing the effects of aerobic and resistance exercise on appetite and 

food/drink consumption. Much like the above-mentioned studies assessing exercise duration, 

studies on exercise mode have often been limited by an inability to match the overall energy 

expenditure of exercise. Some researchers have attempted to compensate for the lower 

energy expenditure of resistance exercise by extending the exercise duration (e.g., Broom, 

Batterham, King, & Stensel, 2009). In doing so, however, duration and mode become 

conflated, and this limits researchers’ ability to isolate the specific effects of exercise mode 

on subsequent energy compensation. Regardless, the majority of work investigating the 

relationship between exercise mode and energy intake indicates that aerobic exercise may 

exert a greater anorexigenic (i.e., suppressive) effect on appetite and subsequent food intake 

as a result of the hormonal milieu associated with this form of exercise (e.g., Broom et al., 

2009; Larsen et al., 2017). For instance, Broom and colleagues (2009) have shown that aerobic 

exercise (60 min treadmill running), when compared with resistance exercise (90 min free-

weight lifting), yields a post-exercise hormonal response consistent with an expected 

reduction in food intake. Whilst subjective hunger ratings were reduced in a similar manner 

during both exercise conditions (compared with a resting control), these authors reported 

that peptide YY (PYY3-36; high levels of which signal satiety) was significantly reduced following 

resistance, but not aerobic, exercise. Broom et al. (2009) proposed that these findings may 
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be attributed to the lower energy expenditure during resistance exercise, together with its 

intermittent nature (and, as such, lower gut disturbances). Importantly, post-exercise energy 

intake in this experiment was not assessed. To address this issue, Balaguera-Cortes et al. 

(2011) examined the effects of duration-matched aerobic and resistance exercise on 

subsequent food intake. In their study, active men completed 45 min of resistance exercise, 

aerobic exercise, or a resting control condition (Balaguera-Cortes et al., 2011). Despite 

significantly higher energy expenditure during aerobic exercise and reduced acylated ghrelin 

following resistance exercise, these authors saw no differences in absolute post-exercise 

energy intake. Nonetheless, it is important to consider this similar energy intake relative to 

the energy cost of the exercise (King et al., 1994). Given that the additional energy expended 

in the aerobic exercise condition was not compensated for by an increase in subsequent 

energy intake, this supports the use of aerobic exercise as a tool to elicit a negative energy 

balance (i.e., through the higher energy cost associated with aerobic, compared with 

resistance, exercise of the same duration). Interestingly, when energy expenditure is matched 

(requiring an extended duration of resistance exercise compared with aerobic exercise), post-

exercise energy intake appears to remain similar regardless of the mode of exercise (Cadieux, 

McNeil, Lapierre, Riou, & Doucet, 2014; McNeil, Cadieux, Finlayson, Blundell, & Doucet, 

2015). While most previous research regarding the effect of the mode of exercise on appetite 

parameters has considered aerobic and resistance exercise, one study has examined the 

effects of weight-bearing and non-weight bearing exercise on subsequent appetite. Kawano 

and colleagues (2013) reported that 40 min of rope skipping (weight bearing) resulted in a 

greater suppression of feelings of hunger compared with a bout of stationary cycling (of 

matched energy expenditure) in young men. Of note, the mechanism behind this finding 

remains to be determined given that blood concentrations of ghrelin did not differ between 

the modes, and future work is encouraged in which researchers investigate other modes of 

exercise and their influence on subsequent appetite responses and food/drink consumption. 

 

1.3.1.c Exercise Intensity 

One key factor which influences the physiological demands of exercise and appears to play a 

role in the acute exercise-energy intake relationship is the intensity at which exercise is 
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performed. In early work on this issue, Imbeault, Saint-Pierre, Alméras, and Tremblay (1997) 

reported that high-intensity exercise (75% V̇O2peak) resulted in lower relative energy intake 

(after accounting for the energy cost of exercise above resting level during the exercise 

session) compared with low-intensity exercise conditions (35% V̇O2peak) and a resting control 

condition, despite similar absolute energy intake at a buffet meal offered 15 min post-exercise 

in young, moderately-active men. More recently, evidence for a role of intensity of exercise 

in energy intake responses has become more clear with high-intensity cycling (75% V̇O2peak) 

shown to result in lower energy intake at an ad libitum buffet meal presented 30 min post-

exercise, and over a 24-hour period, compared with low-intensity cycling (40% V̇O2peak) of 

matched energy expenditure and a resting control condition, in adolescent boys with obesity 

(Thivel et al., 2012). In contrast, Thivel et al. (2019) observed that young, healthy men and 

women did not alter their energy intake following low-intensity cycling (45 min at 50% 

maximum oxygen consumption (V̇O2max)) or high-intensity cycling (20 min at 75% V̇O2max). The 

authors attributed this lack of effect of exercise intensity to the characteristics of the 

participants included in this work, given that they were moderately-active and already 

recreational exercisers. It is important to note, however, that prolonged high-intensity bouts 

of exercise may not be sustainable in a sedentary and/or overweight population where the 

anorexigenic effects of intensive exercise may be most likely to be observed. Given that rates 

of physical inactivity are increasing worldwide (World Health Organisation, 2018), it is 

important to consider the suitability of recommending continuous high-intensity exercise to 

those who do not currently meet current physical activity guidelines. 

 

1.3.1.d Exercise Format 

An alternative format of exercise to high-intensity continuous exercise, which has gained 

popularity in recent years, is HIIT. This involves repeated bursts of high-intensity effort 

interspersed with recovery bouts, which can vary in the number and intensity of intervals, 

and time and nature (active or passive) of recovery periods. This format of exercise allows for 

work to be performed at a higher absolute intensity compared with exercise performed for a 

sustained period. While this format of exercise has led to some dispute in the scientific 

community about the appropriateness of recommending HIIT for general (inactive) 
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populations (see e.g., Del Vecchio, Gentil, Coswig, & Fukuda, 2015; Hardcastle, Ray, Beale, & 

Hagger, 2014; Jung, Little, & Batterham, 2015), this will not be a focus of this literature review. 

It should also be noted that the terminology used to describe intermittent-based exercise 

varies across research groups, with Weston, Wisloff, and Coombes (2014) proposing a 

classification scheme for interval training which enables differentiation between protocols. 

Traditionally, HIIT has incorporated protocols with target intensities between 80% and 100% 

peak heart rate or peak oxygen consumption (V̇O2peak), with intervals lasting between 60 and 

240 sec. More recently, a sub-category of HIIT, termed ‘sprint interval training’ (SIT), has been 

defined which involves the use of shorter intervals and intensities which exceed 100% V̇O2peak 

(Weston et al., 2014). For the purpose of this review, the term ‘HIIT’ will be used to 

encapsulate all forms of intermittent exercise where work efforts exceed 80% peak heart rate 

or V̇O2peak, and ‘SIT’ will be used to describe any protocols in which the prescribed workloads 

exceed 100% of V̇O2peak.  

 

Over the last few years, a significant amount of research attention has been devoted to 

exploring the effect of exercise format (specifically comparing intermittent-based exercise 

(HIIT and SIT) with traditionally-recommended continuous, moderate-intensity exercise) on 

subsequent appetite and dietary responses. A proportion of this work has shown that 

intermittent-based exercise (HIIT and SIT) may have a suppressive effect on appetite and/or 

subsequent food intake (Crisp, Fournier, Licari, Braham, & Guelfi, 2012; Miguet et al., 2018; 

Sim et al., 2014). Sim and colleagues (2014), for example, found that SIT (cycling alternating 

15 sec at 170% V̇O2peak and 60 sec at 32% V̇O2peak for a total duration of 30 min) resulted in 

lower energy intake at a post-exercise test meal compared to a protocol involving longer but 

less intense bouts of effort (alternating 60 sec at 100% V̇O2peak and 240 sec at 50% V̇O2peak), 

or moderate-intensity continuous exercise (60% V̇O2peak) of matched overall duration (30 min) 

and total work in men with overweight. Interestingly, this was maintained for over 24 h, with 

lower overall intake (i.e., including standardised meal, laboratory test meal, and free-living 

intake) observed following the SIT trial compared with the resting control and continuous 

exercise trial. These findings indicate that even when the overall workload is consistent, 

subtle changes to the format of the exercise (in this instance the work/recovery ratios and 
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intensities) may elicit changes to post-exercise food and/or drink consumption. In other work, 

Islam et al. (2017) noted that free-living energy intake was suppressed on the day following 

SIT (four 30-sec ‘all-out’ running sprints interspersed with 4 min rest) compared with 30 min 

of moderate-intensity continuous running (65% V̇O2peak) in young, active men.  

 

However, it is important to acknowledge that not all studies have shown differences in post-

exercise energy intake with exercise format manipulations. Charlot and Chapelot (2019) 

observed no significant difference in energy intake following HIIT (30 sec cycling bouts at 90% 

V̇O2peak interspersed with 60 sec bouts at 35% of V̇O2peak for 20 min) compared with 

continuous cycling at a moderate intensity (42% V̇O2peak for 40 min), although they did note a 

longer latency for requesting lunch, in healthy, young men. Others have also observed no 

differences in energy intake in response to various intermittent exercise protocols when 

compared with continuous exercise protocols in healthy, young men (Deighton, Karra, 

Batterham, & Stensel, 2013) and inactive, middle-aged men (Poon, Sun, Chung, & Wong, 

2018). Likewise, Martins et al. (2015) observed no significant differences in post-prandial 

appetite or energy intake following acute bouts of energy-matched high-intensity 

intermittent cycling and moderate-intensity intermittent cycling or short-duration high-

intensity intermittent cycling (eliciting half of the expenditure of the former conditions) in 

individuals with overweight and obesity (Martins et al., 2015). These contrasting findings may 

be due to a number of factors—the assessment of energy intake post-exercise in a fed or 

fasted state, the population studied (i.e., sex, age, fitness level), or the specific exercise 

protocols utilised. Indeed, it has been proposed that at least nine factors may influence the 

physiological demands of interval-based exercise, such as work intensity, interval duration, 

etc. (Viana et al., 2018). Regardless, more work is needed to understand which of these 

factors most strongly influences individuals’ food intake following exercise, and whether 

these factors may also influence individuals’ food choices, given that this has not yet been 

considered.  
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1.3.2 Potential Mechanisms through which the Physiological Demands of Exercise may 

Influence Eating Behaviour 

Before discussing the psychological experiences in exercise which may influence subsequent 

energy intake, attention will now be given to the mechanisms by which the physiological 

demands of exercise may influence energy intake. From the review of the literature thus far, 

it is evident that the relationship between exercise and food/drink consumption may be 

influenced by manipulating key characteristics of exercise. In particular, the intensity and 

format of exercise are key modifiable ‘in-session’ factors which appear to affect energy intake. 

A key proposed mechanism for this anorexigenic effect relates to alterations in the 

concentration of various appetite-related peptides and metabolites following high-intensity 

exercise. Additional potential mechanisms include changes to gastrointestinal motility, neural 

activity, and increased sympathetic nervous system activity. Each of these potential 

mechanisms will be discussed below with a focus on the influence of the intensity and format 

of exercise, in line with the evidence already presented to show that these factors have the 

strongest influence on energy intake responses.  

 

1.3.2.a Hormones and Metabolites 

The influence of exercise on various hormones and metabolites involved in the regulation of 

appetite has been a large focus of the literature in recent years. Hormones can be classified 

as either tonic, which are important regulators of energy storage over the longer term, and 

episodic, which change acutely in response to environmental factors (e.g., eating, fasting, and 

exercise). The most commonly studied of these hormones include ghrelin, leptin, insulin, 

pancreatic polypeptide (PP), peptide YY (PYY3-36), and glucagon-like peptide-1 (GLP-1). To 

date, most of the literature has focused on moderate-intensity exercise around 50-70% 

V̇O2peak with a duration between 30-90 min (Schubert, Sabapathy, Leveritt, & Desbrow, 2014). 

However, there is some evidence to suggest that high-intensity exercise may influence the 

circulating levels of appetite-regulatory hormones in a way that may be suppressive to 

appetite and energy intake (King, Miyashita, Wasse, & Stensel, 2010; Wasse, Sunderland, 

King, Miyashita, & Stensel, 2013). A number of key hormones will be discussed below, 

together with their response to varying exercise conditions.  



11 

 

1.3.2.a.i Ghrelin 

Ghrelin has received a considerable amount of attention in the appetite literature as it is the 

only known peptide that is reported to stimulate appetite and feeding. Of note, ghrelin may 

be measured in its total form or acylated (active) form; however, the orexigenic (appetite-

stimulating) actions of ghrelin are solely mediated by the acylated form (~10% total) of this 

peptide (Neary, Druce, Small, & Bloom, 2006). A number of studies have demonstrated a 

transient simultaneous suppression of acylated ghrelin (and associated appetite) during 

exercise (Broom, Stensel, Bishop, Burns, & Miyashita, 2007; King, Miyashita, et al., 2010; 

Wasse et al., 2013). For instance, Broom and colleagues (2007) observed a decrease in 

acylated ghrelin concentrations during and immediately following 60 min of treadmill running 

at 72% V̇O2max, in young, active men relative to a resting control condition. Of relevance, there 

is accumulating evidence that high-, relative to moderate- or low-intensity exercise, may 

suppress ghrelin to a greater extent in the hours that follow. Broom et al. (2017; Study 1) 

compared the effects of running at high (75% V̇O2peak) and low (52% V̇O2peak) continuous 

intensities in healthy men. While the intensity and duration of the exercise sessions differed, 

the energy expenditure was matched, and although these researchers did not measure food 

intake, they reported lower levels of acylated ghrelin 30 min after high-intensity exercise 

compared with moderate-intensity continuous exercise and control (no exercise). Likewise, 

Deighton, Barry, Connon, and Stensel (2013) reported a greater suppression of acylated 

ghrelin during SIT (30 sec ‘all-out’ cycling sprints separated by a four min recovery), compared 

with continuous moderate-intensity exercise (~ 68% V̇O2max), in normal-weight men. Of note, 

this was associated with a transient suppression of appetite, which returned to similar levels 

between all trials prior to the assessment of energy intake via a laboratory test meal. Other 

scholars have demonstrated a similar decrease in ghrelin in response to 18 min of HIIT cycling 

and 27 min of continuous moderate-intensity exercise of matched energy expenditure (250 

kcal), but not after nine min of HIIT cycling (125 kcal), in men and women with overweight 

and obesity (Martins et al., 2015). Interestingly, suppression of post-exercise acylated ghrelin 

concentrations may be prolonged in response to interval exercise protocols (Islam et al., 

2017). Islam and colleagues found that acylated ghrelin was more greatly suppressed 

following SIT (four 30-sec ‘all-out’ running sprints interspersed with 4 min rest) at 30 min post-
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exercise compared with moderate-intensity continuous running (65% V̇O2max) and at 90 min 

post-exercise compared with a moderate-intensity continuous, high-intensity continuous 

(85% V̇O2max), and resting control trials. Taken together, these findings highlight that the 

optimal exercise protocol, whether intermittent or continuous in nature, which may exert the 

greatest and most prolonged suppression of ghrelin concentrations, remains to be 

determined.  

 

1.3.2.a.ii Leptin and Insulin  

Leptin and insulin are tonic satiety signals which assist in the regulation of energy balance 

over the long-term. The production and circulating levels of leptin and insulin are generally 

proportional to adipose tissue mass (Considine et al., 1996); however, acute changes in leptin 

concentrations have also been associated with differences in food intake. For instance, 

Chapelot, Aubert, Marmonier, Chabert, and Louis-Sylvestre (2000) reported strong negative 

correlations between acute leptin concentrations and the initiation of a meal. Interestingly, it 

appears that an acute bout of exercise has little or no effect on leptin concentrations. For 

instance, Weltman et al. (2000) observed no significant differences in leptin concentrations 

following 30 min of exercise at intensities above and below the lactate threshold during and 

post-exercise, compared with a control condition, in healthy, normal-weight men. This lack of 

effect of an acute bout of exercise on leptin concentrations appears independent of the 

intensity at which exercise is performed, given that Sim et al. (2014) reported no differences 

in leptin concentrations between various exercise conditions (continuous, moderate-intensity 

exercise and two HIIT protocols) or a resting control condition.  

 

In addition to its satiating properties, insulin has been implicated mechanistically in appetite 

regulation, with elevations associated with decreased ghrelin concentrations (Flanagan et al., 

2003; Iwakura, Kangawa, & Nakao, 2015). Furthermore, insulin sensitivity (i.e., the ability to 

effectively regulate blood glucose) has been reported to have a negative relationship with ad 

libitum energy intake (Flint et al., 2007). Unlike leptin, there is a large body of evidence which 

suggests that acute exercise may moderate circulating insulin levels, with moderate-intensity 
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continuous exercise typically resulting in a suppression of circulating insulin (Galbo, 

Christensen, & Holst, 1977), whereas HIIT may transiently increase insulin due to a small spike 

in blood glucose often observed when intervals are intense in nature (Vincent et al., 2004). 

However, Beaulieu, Olver, Abbott, and Lemon (2015) reported no effect of SIT on insulin levels 

immediately post-exercise compared with a resting control condition. Likewise, Sim et al. 

(2014) observed no significant differences in insulin concentrations following two interval 

exercise protocols, MICT, or resting control. Indeed, further research is required to elucidate 

the effects of acute and prolonged exercise on tonic satiety signals, such as leptin and insulin, 

and whether these signals may in turn moderate post-exercise food intake.  

 

1.3.2.a.iii Pancreatic Polypeptide, PYY3-36, and GLP-1  

Pancreatic polypeptide, PYY3-36 and GLP-1 appear to act as episodic mediators of satiety and 

are each associated with reduced energy intake (Batterham et al., 2003; Batterham et al., 

2002; Tang-Christensen, Vrang, & Larsen, 2002) through various mechanisms such as 

inhibiting gastric emptying and gut motility (Schmidt et al., 2005). With respect to the effect 

of exercise, moderate-intensity exercise has been shown to increase PP during exercise and 

in the post-exercise period (Martins et al., 2007); however, the effect of HIIT on PP is not fully 

understood. Sim et al. (2014) reported no differences in PP in response to SIT or moderate-

intensity continuous exercise, despite differences between conditions in energy intake. In 

other work, Beaulieu et al. (2015) did not observe any significant difference in PP following 

an acute bout of SIT involving 30-s all out sprints on a manually driven treadmill compared 

with resting control.  

 

Research examining the effect of exercise on PYY3-36 concentrations has also yielded mixed 

findings. Ueda, Yoshikawa, Katsura, Usui, and Fujimoto (2009) reported a greater rise in PYY3-

36 in response to high-intensity exercise (75% V̇O2max) compared with moderate-intensity 

exercise (50% V̇O2max) in young males with obesity. However, as energy expenditure was not 

matched between the exercise conditions, these differences in PYY3-36 cannot be solely 

attributed to the differences in exercise intensity. Deighton, Karra, et al. (2013) noted that 
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PYY3-36 concentrations were significantly increased immediately after 60 min of moderate-

intensity continuous exercise but were highest after HIIT and maintained for longer—a finding 

which may have implications for food intake beyond the immediate post-exercise meal. In 

other work, Beaulieu et al. (2015) reported an immediate, albeit short-lived (< one hour), 

post-exercise increase in PYY3-36, which was associated with a suppression of appetite, 

following four 30 sec ‘all-out’ sprints on a treadmill, separated by four min of recovery. In 

other work examining the effect of isocaloric (250 kcal) bouts of moderate-intensity 

continuous exercise and HIIT or short duration (125 kcal) HIIT, Martins et al. (2015) reported 

a no differences in PYY3-36, between conditions in men and women with overweight and 

obesity.  

 

Regarding GLP-1, exercise appears to stimulate increases in circulating concentrations in both 

lean and obese populations (Douglas et al., 2017; Martins et al., 2007; Ueda, Yoshikawa, 

Katsura, Usui, Nakao, et al., 2009). Specific to high-intensity exercise, Ueda, Yoshikawa, 

Katsura, Usui, and Fujimoto (2009) reported similar concentrations of GLP-1 following 

continuous cycling at 75% V̇O2max and 50% V̇O2max in normal-weight men. While only few 

studies have compared the effects of HIIT and moderate-intensity continuous exercise on 

GLP-1, the available literature suggests these likely elicit similar increases in the peptide 

(Beaulieu et al., 2015; Hazell, Townsend, Hallworth, Doan, & Copeland, 2017). Given the 

mixed findings presented regarding the effects of various intermittent exercise protocols in 

these peptides, additional investigations into the effects of SIT and HIIT on anorexigenic 

hormones such as PP, PYY3-36, and GLP-1 may be beneficial.  

 

1.3.2.a.iv Glucose and Lactate 

Key metabolites such as glucose and lactate have also been implicated in the relationship 

between exercise and food intake, with an increase in the circulation of these metabolites 

associated with a suppression of energy intake (Schultes et al., 2012). Of relevance, high-

intensity exercise has been shown to result in increased levels of blood glucose (Gaitanos, 

Williams, Boobis, & Brooks, 1993; Vincent et al., 2004). Furthermore, higher blood glucose 
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and lactate concentrations were noted immediately after SIT, compared with a duration- and 

energy-matched HIIT session comprising longer but less intense intervals, in the study by Sim 

and colleagues (2014), which was associated with reduced food intake at a post-exercise ad 

libitum test meal. The mechanistic role of glucose and lactate in appetite regulation is not 

unanimous across the literature, with some studies reporting an association with decreased 

total ghrelin levels (Broom et al., 2017; Flanagan et al., 2003; Shiiya et al., 2002) and others 

reporting no direct effects on acylated ghrelin concentrations (Broom et al., 2009). 

Importantly for appetite regulation, lactate binds to ghrelin-producing cells and inhibits their 

secretory function (Engelstoft et al., 2013). Given that blood concentrations of lactate 

increase in an intensity-dependent manner (Cairns, 2006), together with the satiating role of 

lactate during and immediately post-exercise (Nagase, Bray, & York, 1996), it is possible that 

HIIT may moderate subsequent appetite and food intake through changes in lactate 

concentrations. This notion was recently tested by Vanderheyden, McKie, Howe, and Hazell 

(2020), who used sodium bicarbonate as a means to increase lactate accumulation during an 

acute bout of HIIT in recreationally active young men. These authors observed significantly 

higher blood lactate concentrations immediately post-exercise performed following sodium 

bicarbonate ingestion, compared with a placebo, which was associated with lower ghrelin 

concentrations. Interestingly and unexpectedly, PYY3-36 and GLP-1 concentrations were also 

greater in the sodium bicarbonate session which suggests that blood lactate may also be 

involved in the regulation of these satiety peptides. Further studies are therefore still needed 

to explore the precise role of blood glucose and lactate in the relationship between exercise 

and subsequent appetite and energy intake.  

 

1.3.2.b Gastrointestinal Motility 

The role of gastric emptying (the rate at which solids and liquids empty from the stomach) in 

appetite control is complex; however, the rate of gastric emptying and motility have been 

shown to affect 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. Of 

relevance, an early report found that gastric emptying is impeded above an exercise intensity 

of 75% of V̇O2max, but accelerated below this intensity (Neufer, Young, & Sawka, 1989). 
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Additionally, HIIT has also been shown to slow gastric emptying to a greater extent when 

compared with moderate-intensity exercise (Leiper, Broad, & Maughan, 2001) and a resting 

control condition (Kashima et al., 2017). This effect of high-intensity exercise on gastric 

emptying may contribute to suppressing appetite and energy intake (Horner, Byrne, Cleghorn, 

Näslund, & King, 2011; Horner, Schubert, Desbrow, Byrne, & King, 2015). Specifically, in their 

meta-analysis investigating the effects of acute exercise on gastric emptying, Horner and 

colleagues (2015) observed a dose-response of exercise intensity, such that as exercise 

intensity increased, gastric emptying was slower. However, it is not clear to what extent 

gastric emptying may be responsible for changes in post-exercise energy intake following 

various formats of exercise. More work is needed to understand the relationship between 

gastric emptying and energy intake in direct response to HIIT. Furthermore, this mechanism 

may only be applicable when exercise is performed in a fed, compared with a fasted, state.  

 

 1.3.2.c Neural Activity  

Post-exercise food consumption may also be influenced by the varied effects of exercise on 

hedonic regulatory pathways (i.e., food reward; Lutter & Nestler, 2009). Results from studies 

that have explored neural activity in food reward regions of the brain using functional 

magnetic resonance imaging (fMRI) suggest that exercise may have a dampening effect on 

food reward pathways which may influence the palatability of food (Crabtree, Chambers, 

Hardwick, & Blannin, 2014). For instance, Evero, Hackett, Clark, Phelan, and Hagobian (2012) 

reported that participants’ neural responses to visual food cues were significantly reduced 

following 60 min of stationary cycling (83% maximal heart rate) but not after a control (no-

exercise) condition. This may have implications for how much food an individual eats in order 

to experience similar reward effects. That is, if the taste is shorter and less intense, then 

individuals may eat more unhealthy, but pleasurable, foods in order to experience the same 

reward. While the exercise protocols employed in the aforementioned studies showing a 

dampening in the responses of food reward pathways were of a high intensity, at this stage, 

no work has been carried out to determine whether the format or intensity of exercise may 

differentially affect neural activity.  
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1.3.2.d Activation of Sympathetic Nervous System and Blood Redistribution 

In addition to the aforementioned possible mechanisms by which exercise may influence food 

intake, an augmentation to sympathetic nervous system activity and blood redistribution may 

also contribute to this relationship. Sympathetic nervous system activity increases with 

exercise intensity (Perini et al., 1989) and may stimulate a number of appetite-related 

hormones shown to increase satiety (Brechet et al., 2001). With respect to blood 

redistribution, there appears to be an inverse relationship between exercise intensity and 

gastrointestinal blood flow, with an ~60% decrease in gastrointestinal blood flow seen in 

participants exercising at 70% V̇O2max, and up to an 80% decrease during maximal exercise 

(Clausen, 1977). Of relevance, it has been proposed that as blood flow is redistributed away 

from the gastrointestinal tract to working muscle, circulating levels of appetite-regulating 

hormones may be augmented in a way that is suppressive to subsequent food intake 

(Boutcher, 2011), such as a decrease in concentrations of acylated ghrelin (Shiiya et al., 2011) 

and an increase in PYY3-36 secretion (Brechet et al., 2001). It should be noted, however, that 

both of these proposed mechanisms are still speculative and require further attention to 

determine their effects—particularly in combination with other mechanisms—on post-

exercise food consumption.  

 

1.4 Psychological Experiences During Exercise  

Although recent evidence indicates that the intensity and format of exercise should not be 

dismissed as predictors of subsequent food/drink consumption, a new body of evidence is 

emerging to show that individuals’ psychological experiences during exercise may also 

influence post-exercise food consumption (Beer et al., 2017; Dimmock, Guelfi, West, Masih, 

& Jackson, 2015; Fenzl et al., 2014). These experiences are particularly (although not 

exclusively) associated with different forms of exercise motivation. One of the first attempts 

to highlight a potential link between motivation for exercise and post-exercise energy intake 

was provided by Dimmock and colleagues (2015). Drawing from principles of Self-

Determination Theory (SDT; Deci & Ryan, 1985), Dimmock et al. proposed that exercise 
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motivation could influence post-exercise food intake, specifically that which is considered 

‘unhealthy’, via at least three (potentially overlapping) pathways: through reflective cognitive 

processes, impulsive processes, and/or physiological responses. These potential pathways 

will be discussed in further detail later (section 1.4.3). Before discussing research on the 

influence of exercise motivation on subsequent energy intake, attention is briefly given to 

understanding the fundamental components and determinants of human motivation, as 

described in SDT. 

 

1.4.1 An Overview of Exercise Motivation  

According to SDT, individuals may undertake exercise because they fully endorse the 

instrumental outcomes of the activity (i.e., “identified regulation”), because it is aligned with 

their values and identity (i.e., “integrated regulation”), and/or because they enjoy the process 

of exercising (i.e., “intrinsic motivation”). When primarily citing these reasons for engaging in 

exercise, individuals are considered to possess autonomous motivation, which is an adaptive 

category of motivation that has been linked to well-being and a host of beneficial exercise-

related outcomes (e.g., effort, long-term engagement; Maltby & Day, 2001; Ntoumanis et al., 

2021; Teixeira, Silva, Mata, Palmeira, & Markland, 2012; Thøgersen-Ntoumani & Ntoumanis, 

2006). For some individuals, however, exercise is undertaken to obtain externally imposed 

rewards or to avoid externally imposed punishments (i.e., “external regulation”), and/or due 

to internal pressures such as to avoid feelings of guilt or anxiety (i.e., “introjected regulation”). 

When primarily governed by external regulation and/or introjected regulation, individuals are 

considered to possess controlled motivation—a relatively undesirable category of motivation 

due, among other reasons, to its weaker associations with well-being and long-term exercise 

engagement (Ryan & Deci, 2008; Silva et al., 2011). Figure 1.1 displays these types of 

motivation discussed within SDT as well as their position in an autonomy continuum. 
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Within SDT, Ryan and Deci (2000) propose a Basic Psychological Needs Theory (BPNT) which 

suggests that individuals have a fundamental psychological need to experience autonomy 

(i.e., the feeling that one’s behaviour is self-regulated), relatedness (i.e., the experience that 

one is meaningfully connected with others), and competence (i.e., the feeling of making 

progress and achieving mastery when striving for personally relevant and challenging goals), 

in order to foster psychological well-being and promote internalisation of motivation. The 

importance of need satisfaction for physical and mental health, including higher well-being 

(e.g., increased life satisfaction and vitality) and less ill-being (e.g., decreased depression and 

anxiety), has been well reported in the literature (e.g., Ryan & Deci, 2008; Vansteenkiste, 

Niemiec, & Soenens, 2010). Specific to exercise, Markland and Tobin (2010) showed that 

satisfaction of the needs for autonomy and competence mediated the relationship between 

need-support and intrinsic motivation in female exercisers. The need for relatedness may play 

a more distal role in the development of intrinsic motivation, but is arguably important for 

facilitating internalisation of extrinsic motivation (Ryan & Deci, 2016). That is, individuals may 

be inclined to take in autonomous regulations communicated by those to whom they feel 
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connected, but they must also feel some competence and autonomy in relation to the 

behaviours to fully internalise their regulation.  

 

Importantly, Deci and Ryan (2000) have argued that individuals’ need-satisfaction may be 

significantly influenced by interaction styles adopted by others in leadership positions (e.g., 

exercise instructors). Such interactions may be need-supportive, need-depriving, or need-

thwarting. Need-supportive communication occurs when individuals provide meaningful 

choices and rationales, acknowledge feelings, provide constructive feedback, and show 

genuine and authentic interest in individuals’ welfare (see e.g., Edmunds, Ntoumanis, & Duda, 

2008). In contrast, need-thwarting behaviours involve the imposition (on others) of external 

pressures and guilt-inducing language, providing limited choices, trivialising opinions and 

feelings, and restricting opportunities for others to develop their full potential (Bartholomew, 

Ntoumanis, & Thøgersen-Ntoumani, 2009). Individuals’ interaction styles may also be 

considered need-depriving, which occurs when instructors are indifferent and apathetic (i.e., 

they do not actively support or undermine individuals’ psychological needs (Vansteenkiste & 

Ryan, 2013). The following section of this review will focus on the potential role of need-

supportive communication by an exercise instructor during exercise on subsequent food 

consumption, through the internalisation of motivation as described in BPNT (Ryan & Deci, 

2000).  

 

1.4.2 Basic Psychological Need-Support in Exercise and Post-Exercise Food Intake 

The effect of need-support in exercise on post-exercise energy intake has not specifically been 

examined; however, support for the notion that motivation for exercise (which may be 

influenced by need-support) may influence energy intake has been accumulating in recent 

years. Supporting evidence for this notion comes from studies in which it has been found that 

more unpleasant exercise conditions may result in increased consumption of hedonically 

pleasurable foods in the post-exercise period. For instance, Fenzl, Bartsch, and Koenigstorfer 

(2014) found that individuals who ‘self-imposed’ physical activity (i.e., exhibited controlled 

motivation) were more prone to consume a food reward post-exercise compared with those 
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individuals who possessed more self-determined regulation for exercise (i.e., those exhibiting 

autonomous motivation for exercise). In this study, Fenzl and colleagues (2014) invited men 

and women with varying types of (general) exercise motivation to complete a 20-min exercise 

session involving stationary cycling labelled as either fat-burning or endurance training, after 

which they were offered free access to an unhealthy snack (a large bowl of pretzels). Although 

no significant differences in food intake were found between the two exercise conditions, the 

researchers reported an interaction effect between exercise framing and contextual 

motivation. That is, the autonomously motivated exercisers consumed less of the unhealthy 

snack food compared with those individuals who exhibited controlled motivation, when 

exercise was labelled as fat burning. 

 

Following the empirical work by Fenzl et al. (2014) and conceptual work by Dimmock and 

colleagues which highlighted the potential for autonomous exercise motivation to attenuate 

subsequent ‘unhealthy’ food consumption by drawing from principles of SDT (Dimmock et al., 

2015), empirical evidence has emerged to show that providing a key component of autonomy 

support—that of choice—during an acute bout of exercise influences post-exercise energy 

intake (Beer et al., 2017). Briefly, in this study, men and women completed an exercise session 

in either choiceful, autonomy-supportive or (yoked) controlling conditions, with physiological 

characteristics of the participants matched between groups (sex, age, BMI, and fitness). 

Analyses revealed that participants in the choice condition consumed significantly less food 

at the post-exercise meal, with the difference primarily made up of energy from ‘unhealthy’ 

food sources (790 ± 861 kJ), compared with their counterparts who were not offered aspects 

of choice (1412 ± 1304 kJ). Although the study by Beer et al. (2017) provided evidence that 

choice in exercise may influence food intake in the aftermath of an acute bout of exercise, it 

is noteworthy that the provision of choice is only one of the many recommended strategies 

for providing need-supportive conditions. Research is yet to be conducted to determine the 

effect of a full suite of need-supportive tactics in exercise on post-exercise food intake. 
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1.4.3 Potential Mechanisms through which Basic Psychological Need-Support and 

Autonomous Motivation for Exercise may Influence Food Intake 

Although the effect of need-support in exercise on eating behaviour remains to be 

investigated, there are several potential mechanisms through which one’s motivation for 

exercise may influence post-exercise food consumption. These include changes to mood 

states, the facilitation of conscious reflective licensing, or non-conscious impulsive processes. 

Each of these potential processes will be outlined below. 

 

1.4.3.a Mood 

The internalisation of motivation (through the provision of need-support) may influence 

mood, which may in turn influence food intake. Indeed, the notion that exercise motivation 

moderates the influence of exercise on mood has been widely accepted for many years 

(Lennox, Bedell, & Stone, 1990). In particular, research indicates that greater levels of 

autonomous regulation in exercise leads to greater improvements in exercise-induced mood 

and subjective vitality (Kanning, Ebner-Priemer, & Brand, 2012; Lutz, Lochbaum, & Turnbow, 

2003). Likewise, there is a growing body of literature addressing the relationship between 

mood and eating behaviours. In general, negative emotions and moods have been shown to 

increase appetite and food intake in a number of populations (Michels et al., 2012; Ricca et 

al., 2012). However, there is limited research on the relations between exercise, mood, and 

appetite. Indirect evidence for the interaction of these factors comes from Moshier et al. 

(2016), who found that individuals with greater distress intolerance or negative affect induced 

by exercise were more likely to engage in compensatory eating in response to negative 

feelings post-exercise. This finding is of relevance given that affective responses to exercise 

may be explained by motivational variables (Lutz et al., 2003), and specifically, autonomous 

forms of motivation have been shown to increase positive feelings (Edmunds et al., 2008). 

More recently, Werle, Wansink, and Payne (2015) found that framing exercise as ‘fun’ (as 

opposed to ‘exercise’) increased participants’ mood ratings, and this positive mood mediated 

the effect of the framing manipulation on the amount of energy consumed post-exercise.  
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Despite the limited research linking exercise, mood, and appetite, there are several pathways 

through which the effect of need-support in exercise on mood might influence subsequent 

food intake. For instance, individuals with lower tolerance for negative emotions may be 

particularly at risk for employing eating as a coping strategy; these individuals are termed 

emotional eaters (Spoor, Bekker, Van Strien, & van Heck, 2007). Another mechanism through 

which negative affect may influence food intake is via taste disturbances (Nakagawa, Mizuma, 

& Inui, 1996). Specifically, Nakagawa et al. (1996) found that participants who experienced a 

reduction in vigour and increased feelings of tension and fatigue had reduced taste sensations 

and the duration of after-tastes. Given that high fat and/or sugary foods have strong effects 

on reward circuits in the brain, these findings may have implications for how much food one 

eats in order to experience similar reward effects. That is, if the taste is shorter and less 

intense, then individuals may eat more of the ‘unhealthy’ hedonistic food in order to 

experience the same pleasure. Whether mood alterations, resulting from variations in the 

motivational psychological conditions of exercise, influence these variables remains to be 

determined. 

 

1.4.3.b Reflective Justifications 

Another mechanism through which the provision of need-supportive exercise conditions 

might influence post-exercise energy intake is via conscious reflective justification. This refers 

to explicit consideration of plans (e.g., intentions), beliefs (e.g., self-efficacy), and expected 

value (e.g., outcome expectancies). Indeed, many individuals struggle to maintain an 

equilibrium between satisfying immediate desires and achieving long term goals, and as a 

consequence, one strategy that people may employ to reach such an equilibrium is the 

activation of compensatory health beliefs (Knäuper, Rabiau, Cohen, & Patriciu, 2004). These 

beliefs reflect the perception that the negative effect of an ‘unhealthy’ behaviour (e.g., 

‘unhealthy’ eating) can be compensated for, or neutralised, by engaging in another volitional 

healthy behaviour (e.g., a bout of exercise). Of relevance, Rabia, Knäuper, and Miquelon 

(2006) suggested that compensatory health behaviours are more likely to be present when 

individuals experience controlled motivation for a task. Therefore, specifically in relation to 

exercise (widely considered a healthy behaviour), controlled motivation may increase the 
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likelihood of licensing (i.e., rewarding) oneself with food that may not otherwise be selected 

in the post-exercise period. In contrast, goal conflict may be less problematic for 

autonomously motivated exercisers, because their experience of autonomous functioning is 

likely to satisfy both positive instrumental and affective goals (e.g., Nix, Ryan, Manly, & Deci, 

1999). Consequently, for these autonomously motivated individuals, compensatory 

responses to exercise are likely to be less prevalent.  

 

The specific effect of providing need-support in exercise on post-exercise licensing for 

‘unhealthy’ food intake has not yet been examined; however, support for this premise comes 

from work in which researchers have examined the relationship between other health 

behaviours. For instance, Miquelon, Knäuper, and Vallerand (2012) have shown that 

individuals who are autonomous in their dietary regulation are less likely to activate 

compensatory health beliefs to satisfy their multiple goals, compared with individuals who 

are controlled in their goal-directed behaviours. Specifically, these researchers found that 

autonomous motivation towards weight loss dieting decreased participants’ activation of 

dietary compensatory beliefs. Also of relevance, although not specifically relating to exercise, 

Fishbach and Dhar (2005) found that self-regulation through goal balancing (i.e., management 

of multiple and often incongruent goals) hinges on a focus on goal progress. That is, 

individuals’ perceptions of goal progress (e.g., toward good health) facilitates the pursuit of 

alternative, often contradictory, goals (e.g., consumption of ‘unhealthy’ but pleasurable 

food). It is important to note, however, that this effect can be attenuated through a focus on 

goal commitment, rather than goal progress, which elicits a tendency to maintain the pursuit 

of the focal goal (Fishbach & Dhar, 2005). When goal commitment is emphasised, an action 

(e.g., exercise) is framed as defining one’s self-concept, and the pursuit of opposing goals 

(e.g., ‘unhealthy’ food consumption) subsequently becomes more unappealing. These 

findings are of relevance as regulations discussed in SDT are defined according to their 

relevance to the self (Ryan & Deci, 2000). Autonomous motivation, by definition, is 

characterised by a sense of identity, volition, and agency, whereas controlled motivation is 

reflected in a sense of inauthenticity and pressure. Therefore, autonomously motivated 

exercisers (versus controlled exercisers) may be more likely to adopt a goal commitment 
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approach during and post-exercise, and this focus may have implications for the desire to 

pursue to the incongruous goal of ‘unhealthy’ food consumption after exercise.  

 

Finally, individuals experiencing controlled motivation for exercise may be more likely to 

engage in ‘unhealthy’ compensatory eating, compared with autonomously motivated 

individuals, due to the rewarding potential of these foods. For compensators, hedonically 

pleasurable foods, such as those high in sugar and fat, have strong effects on reward circuits 

in the brain involving neurotransmitters such as dopamine, that are activated in the presence 

of pleasure and trigger learned associations between the stimulus and the reward (Volkow, 

Wang, & Baler, 2011). Compensatory beliefs involving exercise and food consumption are also 

likely to be activated as a result of the common perception that energy intake from food can 

be expended via exercise. For these reasons, exercise and food consumption are likely to be 

common pairings in people’s compensatory belief system. Results from a study by Moshier et 

al. (2016), in which 75% of undergraduate participants reported compensatory eating post-

exercise, clearly demonstrate that compensatory responses are common after exercise, 

which aligns with the growing body of empirical and theoretical evidence to suggest that 

these justifications are particularly common among exercisers experiencing controlled 

motivation (Miquelon et al., 2012; Rabia et al., 2006). Therefore, exercise undertaken for 

more controlled (versus autonomous) reasons may result in in a heightened state of cognitive 

dissonance between long-term health goals and short-term hedonic goals, and thus result in 

the formation of compensatory beliefs to justify rewarding oneself with pleasurable, but 

‘unhealthy’ foods. Of relevance, West and colleagues (2018) found that individuals scored 

lower on licensing beliefs around ‘unhealthy’ snacking following exercise when they reported 

possessing more autonomous motivation for exercise, and that individuals driven by more 

controlled (relative to autonomous) motivation reported greater compensatory beliefs about 

food following 40 min of moderate-intensity cycling (West, Guelfi, Dimmock, & Jackson, 

2017). 
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1.4.3.c Impulsive Processes 

Although reflective justifications for food intake develop via conscious mechanisms, 

impulsive, or non-conscious processes may also influence post-exercise eating behaviour. An 

assumption in most dominant theories of health behaviour (e.g., Bandura, 1998) is that 

behaviour is driven by conscious and deliberate cognitive processing (i.e., conscious 

reflection, such as licensing). However, evidence from Rebar and colleagues (2016) highlights 

the need to incorporate non-conscious regulatory processes (such as automatic associations) 

into physical activity theories and interventions. Accordingly, dual-process accounts of health 

behaviour describe behavioural outcomes as stemming from the combined interaction of 

both the conscious (reflective) and non-conscious (impulsive) processing systems. Reflective 

justifications operate relatively slowly and deliberately, whereby knowledge about the value 

and the probability of potential consequences is integrated to mediate a decision process 

(Strack & Deutsch, 2004). Indeed, compensatory beliefs involving exercise and food intake are 

likely to be activated as a function of the common perception that energy intake from foods 

can be expended or ‘neutralised’ via exercise. These expectations often create common 

pairings between eating and exercise in people’s compensatory belief system, and if these 

pairings are repeated often enough, compensatory responses may ultimately become 

governed by impulsive cognitive processes. Such implicit processes operate by retrieving 

particular associations that are activated automatically when a relevant stimulus is 

encountered (Gawronski & Bodenhausen, 2006). This activation process does not require 

much cognitive capacity or an intention to evaluate an idea. Instead, these operations occur 

quickly, and they are generated as a function of (i) the pre-existing structure of associations 

in memory, and (ii) the particular set of external or internal input stimuli. These operations 

can produce rapid outcomes, which elicit behaviour through the spread of activation to 

behavioural patterns (Strack & Deutsch, 2004). A specific example of how this might apply in 

relation to post-exercise energy intake was provided by Dimmock and colleagues (2015). 

These authors illustrated the mechanisms of the impulsive system using a theoretical example 

in which an individual, after each exercise session, consciously licenses him/herself to 

consume a sugary energy drink from a vending machine. Over time, as a result of repeated 

pairings between the energy drink and exercise, the two behaviours become embedded 

together in memory. Thus, the act of engaging in the same exercise activity in the same 
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location ultimately triggers the action of seeking an energy drink with little (or no) conscious 

decision process. In this instance, the initial decision of buying the energy drink may have 

been regulated by conscious reflective licensing; however, over time, the impulsive system 

may primarily govern the behaviour.  

 

Another potential mechanism through which non-conscious impulsive pathways may 

influence post-exercise food consumption is based on the strength model of self-control 

(Baumeister, Vohs, & Tice, 2007). According to this model, self-control is considered a limited 

intra-individual resource allowing one to override natural or habitual responses. Therefore, it 

is thought that as an individual’s ongoing ability to exhibit self-control is exhausted, a state of 

‘ego depletion’ is experienced. In support of this notion, research has shown that when 

individuals perform a task requiring self-control, performance in a subsequent task that also 

requires self-control tends to be worse, particularly when the two tasks require different self-

control strategies. This is a particularly salient issue in relation to exercise and food intake, 

insofar as self-control may be required for both initiating exercise (which requires approach-

based strategies) and avoiding ‘unhealthy’ food consumption after exercise (which requires 

avoidance-based strategies). By definition, behaviours driven by controlled motivation 

require self-control and are associated with pressures that encourage withdrawal from the 

activity (Ryan, Patrick, Deci, & Williams, 2008). Therefore, continued participation in such 

activities requires self-control in order to override the natural desire to withdraw from the 

unappealing activity and increases the probability of suffering from failures of self-control 

post-exercise. Thus, from the perspective of Baumeister and colleagues’ model of self-control 

(2007), it may be inferred that controlled exercisers may be more likely to engage in impulsive 

snacking post-exercise compared with individuals who experience autonomous exercise 

motivation. Support for this notion comes from a study by Magaraggia, Dimmock, and Jackson 

(2013), who investigated the ego-depleting effects of autonomy provision (relative to control) 

during a learning task. Specifically, participants performed a learning (i.e., reading) task under 

relatively autonomy-supportive or relatively controlling conditions whilst also having access 

to a glucose-rich snack (jellybeans). Results from this study indicated that the autonomy 

group—who were free to make their own choice about the reading task content—consumed 
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significantly less snack food compared with those in the controlled condition who were 

required to read a specific passage without choice. These researchers concluded that 

impulsive cognitive processes likely drove the type of snacking observed in this study, since a 

manipulation check revealed that participants had been attentive to the learning material 

throughout the activity. However, since then, some evidence suggests that this mechanism 

alone may be unlikely to account for the relationship between exercise motivation and food 

intake (Beer et al., 2017). Specifically, in the study by Beer et al., participants who completed 

exercise in controlling (relative to choiceful) conditions consumed less ‘unhealthy’ foods at a 

post exercise meal; however, this was not associated with lower ratings of subjective vitality 

(a measure of ego-depletion). Given these mixed findings, further research is warranted to 

establish which exercise conditions may lead to, or protect against, ‘unhealthy’ food choices 

and the pathways through which these may occur.  

  

1.4.3.d Exercise Motivation and Physiological Regulation of Post-Exercise Food Intake 

Another mechanism through which the psychological experience of exercise may influence 

food intake is by altering appetite-regulatory hormones. Although this possibility has not yet 

been directly examined, there is evidence to suggest that the circulating concentrations of 

appetite-regulating peptides may be affected by psychological mindset alone. Crum, Corbin, 

Brownell, and Salovey (2011) investigated whether the mindset in which participants 

approached the consumption of food could alter the circulating levels of ghrelin. In their 

study, participants were offered a 380 kcal milkshake, on two separate occasions, under the 

pretence it was either a 620 kcal ‘indulgent’ shake or a 140 kcal ‘sensible shake’. Interestingly, 

the framing of the shake as indulgent was associated with a steeper decline in ghrelin after 

its consumption, compared with consumption of the identical shake when perceived as 

sensible. These findings suggest that psychological mindset alone may alter physiological 

appetite signals. Whether the approach to exercise, particularly in relation to the provision of 

need-support, may also influence the physiological markers of appetite remains to be tested. 

However, there is evidence in the literature to suggest that a controlling environment, 

compared to an autonomy-supportive environment, can influence other physiological 

markers such as cortisol reactivity (Reeve & Tseng, 2011). Specifically relating to exercise, 
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there is also evidence to suggest that exercise motivation can influence circulating levels of 

cortisol (DiBartolo, Lin, Montoya, Neal, & Shaffer, 2007). In other work, Quested et al. (2011) 

demonstrated that basic need-satisfaction may be a central psychological mechanism 

involved in the hormonal response to exercise, with lower cortisol responses observed in 

dancers who experienced greater satisfaction of autonomy, competence, and relatedness. 

This is of relevance given the direct stimulatory effect of cortisol on appetite (see e.g., George, 

Khan, Briggs, & Abelson, 2010; Tataranni et al., 1996). Future research is needed to investigate 

whether psychological experiences associated with psychological need-support during 

exercise may influence physiological signals of appetite, and consequently food intake, in the 

aftermath of an exercise bout.  

 

1.5 Considering the Physiological and Psychological Demands of Exercise Together: The Key 

to Influencing Post-Exercise Eating Behaviour? 

To this point, the physiological and psychological literatures regarding the influence of 

exercise-related factors on subsequent energy intake have developed largely in isolation from 

one another. Whether psychological experiences in exercise interact with the physiological 

demands of exercise to influence post-exercise food and drink consumption remains to be 

determined. In order to determine the optimal ‘blend’ of exercise characteristics, researchers 

may be interested in examining a combination of the aforementioned factors in conjunction 

with each other. For instance, while HIIT may have a suppressive effect on subsequent 

food/drink intake through a number of physiological mechanisms (Sim et al., 2014), it is also 

important to consider how the physiological demands of this form of exercise may interact 

with an exerciser’s psychological experiences (e.g., enjoyment, affect, and vitality). Indeed, 

this concern has received great interest among scholars with enthusiastic discussions 

presenting viewpoints for and against the efficacy of intermittent-based exercise protocols as 

an enjoyable alternative to current exercise guidelines (Biddle & Batterham, 2015; Hardcastle 

et al., 2014; Martinez, Kilpatrick, Salomon, Jung, & Little, 2015). Some authors have argued 

that this format of exercise (and specifically the high-intensity intervals) may result in reduced 

pleasure, adherence, and motivation for exercise (Hardcastle et al., 2014; but see Bartlett et 

al., 2011). This is an important concern given that the psychological experiences in exercise 
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may in turn influence subsequent eating behaviour (Beer et al., 2017). Reduced pleasure and 

enjoyment during exercise, by definition, will lead to reduced autonomous motivation, and 

may decrease future participation or lead to withdrawal from exercise altogether (Ekkekakis, 

Parfitt, & Petruzzello, 2011). Interestingly though, results from a scoping review (Stork, 

Banfield, Gibala, & Martin Ginis, 2017) and a large recent randomised controlled trial, which 

included men and women with overweight (Roy et al., 2018), indicate that individuals are 

likely to experience greater enjoyment of, and preference for, an intermittent-based exercise 

format over traditionally-recommended moderate-intensity continuous exercise. Whether 

this translates to altered food/drink consumption following exercise remains to be tested. 

More specifically, whilst HIIT may have a suppressive effect on post-exercise food 

consumption relative to continuous moderate-intensity exercise through a number of 

physiological mechanisms, it is also possible that the psychological experiences during these 

formats of exercise may differ, and as such, exert unique influences on food consumption 

through pathways and interactions which have not been considered previously. Furthermore, 

whether such responses vary according to an individual’s characteristics (e.g., lean vs obese, 

presence of lifestyle diseases such as type-2 diabetes) and/or familiarity with the exercise 

performed, remains to be determined. Future work should also consider whether any 

potential interactions of the physiological demands of, and psychological experiences in, 

exercise extend beyond the acute setting (i.e., the effect of multi-week programs) to influence 

eating behaviour. Such work may be particularly valuable from a practical perspective in 

terms of optimising exercise prescription when dietary considerations are also prevalent. 

 

1.6 The Effect of Regular Exercise Training on Subsequent Energy Intake  

The majority of research investigating the relationship between exercise and energy intake 

(including the research detailed above) has focused on a single bout of acute exercise. As a 

result, the translation of these effects to long-term training programs is less known. In 

general, the available evidence suggests that regular exercise may result in an improvement 

in energy intake regulation by promoting more sensitive eating behaviour. For instance, 

Martins and colleagues (2013) assessed cumulative ad libitum energy intake using a buffet 

style laboratory meal and self-reported energy intake for the remainder of the day after 
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consuming either a high (607 kcal) or low (246 kcal) energy pre-load meal before and after 12 

weeks of regular exercise training. Energy intake following the pre-loads (i.e., energy from the 

lunch test meal and self-reported intake for the remainder of the day) at the start of the 

intervention period was significantly higher after the high-energy relative to the low-energy 

preload, suggesting a lack of compensatory adjustment for prior energy intake. This 

consumption was reversed following the training, such that energy intake was more 

accurately regulated, with lower energy intake observed for the remainder of the day 

following the high-energy preload trial. In other work, Bryant, Caudwell, Hopkins, King, and 

Blundell (2012) observed no differences in absolute energy intake from a laboratory test meal 

assessed before or after 12 weeks of exercise training (5 x 500 kcal sessions per week) in 

participants with overweight and obesity. Although absolute energy intake did not change as 

a result of the intervention, the lack of compensatory increase in energy intake, relative to 

the increase in exercise-induced energy expenditure, may be important to consider. It should 

be noted, though, that the aim of this study was to investigate the predictive effects of eating 

behaviour traits (e.g., disinhibition and restraint) on exercise-induced weight loss; therefore, 

these responses were not compared to a no-exercise control group. As such, it is not clear 

whether the lack of compensatory increase in energy intake observed following the 

intervention was a direct result of the exercise training. Akin to the relationship between an 

acute bout of exercise and subsequent energy intake, the variability in energy intake seen in 

these training studies may be due to the differences in the characteristics of the exercise, 

particularly those associated with the format of exercise and psychological experiences during 

exercise. These modifiable characteristics will be discussed next.  

 

1.6.1 Effects of Interval Training on Energy Intake  

Given previous reports that an acute bout of HIIT may reduce energy intake for up to 24 h 

post-exercise, this raises the question of the whether regular HIIT (i.e., exercise performed in 

multi-week programs) affects appetite and eating behaviour to a greater extent than 

traditional moderate-intensity continuous exercise. In response to this possibility, Sim, 

Wallman, Fairchild, and Guelfi (2015) examined the effects of a 12-week exercise intervention 

incorporating either SIT or moderate-intensity continuous cycling on appetite regulation in 
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physically inactive men with overweight. These authors observed a tendency for more 

sensitive appetite regulation (i.e., decreased ad libitum energy intake after a high-energy 

preload compared with a low-energy preload meal) following SIT (cycling alternating 15 sec 

at 170% V̇O2peak and 60 sec at 32% V̇O2peak) but not moderate-intensity continuous cycling (60 

% V̇O2peak). Meanwhile, Alkahtani and colleagues (2014) and Panissa and colleagues (2016) 

noted a decrease in exercise-induced hunger and desire to eat, together with a decrease in 

fat intake, following four and six weeks, respectively, of high-intensity intermittent training 

compared with MICT.  

 

Contrary to these findings, Martins et al. (2017) observed no significant differences in 

appetite, appetite-regulating hormones, food preference, or food reward following 12 weeks 

of HIIT (8 sec sprint performed at 85-90 % of maximal heart rate followed by 12 sec of low-

intensity recovery) or energy-matched continuous cycling (70% maximum heart rate), in men 

and women with obesity. Likewise, authors of a recent meta-analysis of the effect of interval 

training on energy intake (Taylor, Keating, Holland, Coombes, & Leveritt, 2018) reported no 

significant differences in energy intake following a number of varying intervention periods 

incorporating HIIT or moderate-intensity exercise (e.g., Heydari, Freund, & Boutcher, 2012; 

Keating et al., 2014; Matsuo, So, Shimojo, & Tanaka, 2015; Panissa et al., 2016; Ruffino et al., 

2017; Trapp, Chisholm, Freund, & Boutcher, 2008). However, the results of the meta-analysis 

by Taylor et al. (2018) should be interpreted with several methodological considerations in 

mind. For instance, in many of the studies included in their analyses, participants were 

instructed to maintain their habitual food intake during the intervention, given that energy 

intake was not a primary outcome of these investigations. Additionally, all but one of the 16 

studies included in the meta-analysis relied on self-report measures of food intake, such as 

food diaries or food frequency questionnaires, and these measures may provide erroneous 

and/or biased results (Johnson, 2002). Sim and colleagues (2015) were the only researchers 

to incorporate an ad libitum test meal, which may be more sensitive to changes in energy 

intake otherwise undetected by self-report measures, and these researchers observed a 

clinically meaningful improvement in appetite regulation (i.e., improved ability to 

appropriately adjust for previous energy intake) following 12 weeks of HIIT (but not their 
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continuous protocol). Further, Taylor et al. (2018) concluded that the conflicting results of 

their analyses may also be due to the substantial heterogeneity of protocols within HIIT and 

SIT groups, as well as a lack of reporting of adherence to the prescribed exercise intensity. 

More recently, Miguet et al. (2020) compared the effect of two 16-week multidisciplinary 

weight loss programs in adolescents with obesity. Of interest, participants completed two 45-

min moderate-intensity continuous exercise sessions per week on a cycle ergometer at 60% 

V̇O2peak followed by strength training or two 15-min HIIT sessions per week which involved 30-

sec intense cycling (75-90% V̇O2peak) interspersed with 30-sec of free (or no) pedalling, also 

followed by strength training. The authors observed a significant increase in 24-hour energy 

intake—assessed through direct monitoring at buffet-style test meals—from pre- to post-

training; however, there were no differences between the training groups. Given this 

inconsistency in the literature, further research is needed to establish the optimal 

intermittent-intensity exercise protocol which may have long-term effects on the regulation 

of appetite, food consumption, and food choices using laboratory-based assessments of 

energy intake. 

 

1.6.1.a Potential Mechanisms through which High-Intensity Interval Training may Influence 

Eating Behaviours 

Researchers have investigated a number of mechanisms through which regular participation 

in HIIT may influence food consumption. These include changes to gastric emptying, neural 

activity, and hormones and metabolites (Horner, Byrne, & King, 2021; Martins et al., 2017; 

Taylor et al., 2020). Much of the available literature has focused on the measurement of 

hormones and metabolites associated with appetite regulation, with scholars typically 

observing that HIIT and moderate-intensity continuous exercise protocols do not 

differentially alter concentrations of episodic signals such as ghrelin, PYY3-36, or GLP-1 (Martins 

et al., 2017; Taylor et al., 2020). However, regular participation in HIIT may improve the 

sensitivity of tonic appetite hormones, such as leptin and insulin, to regulate appetite more 

effectively, as seen in wider training protocols (Beaulieu et al., 2016).  

 



34 

With respect to leptin, it has been suggested that any changes in leptin concentration 

following exercise training may be a result of changes to body composition, rather than the 

exercise itself (Fatouros et al., 2005; Kraemer, Chu, & Castracane, 2002). However, and of 

relevance to the discussion of HIIT, this hypothesis is challenged by the results from Sim et al. 

(2015), who reported lower concentrations of leptin following 12 weeks of SIT, but not 

moderate-intensity continuous exercise, which was not associated with significant changes in 

body composition following either intervention. Likewise, Trapp et al. (2008) observed a 

significant decrease in leptin concentrations following 15 weeks of SIT, which was significantly 

correlated with change in total body mass, but not with change in fat mass. As such, more 

research is needed to understand the role of leptin in influencing energy intake following 

exercise, particularly any differences in HIIT and moderate-intensity continuous exercise. Like 

leptin, the effect of HIIT on insulin sensitivity can be best observed over a prolonged period 

of time, with a number of studies showing an improvement in insulin sensitivity after as little 

as two weeks of training (Boutcher, 2011). In the previously discussed study by Sim et al. 

(2015), both exercise interventions (SIT and the continuous protocol) resulted in lower fasting 

and postprandial insulin which was not seen in a control (no exercise) group. However, when 

considering insulin sensitivity, these authors noted an improvement following the SIT 

intervention only—a finding which may have contributed to the tendency for improved 

appetite regulation observed in the same study following this format of exercise (Flint et al., 

2007). Furthermore, a meta-analysis of training studies (≥ two weeks exercise) revealed that 

HIIT may be more effective at reducing insulin resistance (an inability of insulin to increase 

glucose update; Lebovitz, 2001), compared with continuous training (Jelleyman et al., 2015). 

Taken together, these findings suggest that training programs incorporating HIIT may improve 

individuals’ sensitivity to insulin-related appetite cues through the hormonal milieu 

associated with this format of exercise; although, future research is needed to determine 

which of these signals may have the strongest influence on energy intake.  

 

1.6.2 Need-Support in Exercise Training Interventions 

Another relevant factor of multi-week training programs is related to the psychological 

conditions surrounding the delivery and instruction of exercise. As previously discussed, 
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psychological need-support during an acute bout of exercise may influence an individual’s 

post-exercise food consumption (Beer et al., 2017; Dimmock et al., 2015). Although the effect 

of psychological need-support during multi-week training programs on post-exercise energy 

intake has not yet been examined, there is a body of literature which focuses on the potential 

for motivationally-supportive interventions (e.g., diet or exercise), to facilitate healthier 

lifestyle choices. Grounded in SDT, researchers have implemented interventions aimed to 

facilitate autonomous motivation through need-supportive communication (e.g., between an 

exercise instructor and an exerciser). For instance, Edmunds et al. (2008) examined the effect 

of a need-supportive teaching style on need-satisfaction, exercise motivation, and physical 

activity in female exercise class participants. In their study, participants were exposed to a 

need-supportive teaching style, or the typical teaching style observed in this context. In line 

with SDT, those participants who were exposed to need-supportive exercise conditions 

demonstrated greater need-satisfaction which resulted in more autonomous motivation for 

exercise, and importantly attended significantly more exercise classes than those who were 

exposed to ‘typical’ exercise delivery.  

 

In other work, researchers have suggested that feelings of autonomy in exercise may lead to 

improved weight loss in the short- and long-term (Teixeira et al., 2012). Of relevance to this 

review, there is also evidence highlighting the possibility of ‘spill over’ effects in self-

regulation, whereby increased autonomous exercise motivation may lead to improvements 

in eating self-regulation during weight control in women (Mata et al., 2011). In their study, 

Mata and colleagues (2011) invited women with overweight and obesity to participate in a 

12-month exercise intervention which focused on promoting physical activity and internal 

(more autonomous) motivation for weight loss. These authors reported that the relationship 

between self-reported physical activity and healthy eating regulation was mediated by 

general self-determination, autonomous treatment motivation, and intrinsic exercise 

motivation. Moreover, Silva et al. (2010) demonstrated that a need-supportive, relative to a 

‘general health’ approach, facilitated greater weight loss and exercise engagement among 

participants enrolled in a 12-month physical activity and weight loss intervention. In this 

study, need-support was provided throughout bi-weekly group workshops by offering a range 
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of choices, promoting competence, providing positive feedback, acknowledging internal 

conflict, and avoiding the use of external incentives, whereas the control group received a 

general health education program. The intervention group showed greater body fat 

percentage loss at 12 months (- 6.9 ± 7.9%) when compared to the control group (-2.5 ± 7.5% 

respectively). Levels of moderate and vigorous physical activity and step counts were also 

higher among those in the intervention group than those in the control group at 12 months. 

Importantly, between-group differences in autonomous and controlled forms of self-

regulation supported the hypothesis that the need-supportive communication style 

promoted greater autonomous motivation, which in turn contributed to behaviour change in 

those participants in the SDT-based intervention.  

 

While interventions incorporating behaviour change techniques grounded in SDT, particularly 

in the physical activity domain, are increasing, a number of issues remain unresolved. For 

instance, much of the available literature surrounding need-supportive behaviours lacks 

sufficient detail of how key components have been operationalised. Often, methods will 

include broad references to general need-supportive behaviours that were implemented; 

however, without specific details of how these behaviours were applied in the specific setting, 

it is difficult to replicate these interventions. There have been recent calls for more detailed 

descriptions of interventions to facilitate replication and enable other researchers to build on 

existing findings. Ntoumanis, Thogersen-Ntoumani, Quested, and Hancox (2017) have 

suggested a number of procedures to overcome these challenges, such as providing 

additional information in supplementary form, access to training manuals, and the use of 

intervention replication checklists. This issue is particularly salient in interventions which are 

not directly delivered by researchers to participants, but by others in position of authority 

(e.g., coaches, fitness instructors) who are asked to adopt need-supportive exercise delivery 

strategies (Quested, Ntoumanis, Thogersen-Ntoumani, Hagger, & Hancox, 2017). As such, 

more work is needed in this area to determine whether providing a suite of well-documented 

need-supportive techniques during exercise delivery may have downstream effects on long-

term health behaviours (such as physical activity and exercise adherence), as well as on 
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immediate post-exercise behaviours (such as the consumption of healthy or ‘unhealthy’ 

foods).  

 

1.7 Summary and Statement of the Problem 

In summary, it is well established that regular exercise is important for achieving a number of 

health and well-being outcomes. Unfortunately, some post-exercise behaviours, such as the 

consumption of excessive energy or ‘unhealthy’ high-energy foods, can counteract some of 

these benefits. Research has shown that both the physiological demands and psychological 

experiences during exercise may influence post-exercise appetite and food intake; however, 

questions still remain unanswered about the optimal combination of these factors to reduce 

overconsumption of food following exercise, both acutely and in the long-term. While an 

acute bout of HIIT appears to reduce subsequent energy intake, it is not known whether the 

motivational conditions in exercise interacts with the format of exercise to influence 

subsequent eating behaviours. Even less is known about these relationships beyond acute 

exercise settings, with no research available to answer questions about the effects of long-

term participation in these exercise conditions. A multi-disciplinary approach to this area of 

research is key for understanding how to optimise exercise prescription, particularly for 

individuals who are physically inactive and/or overweight, given the numerous health 

conditions associated with overweight and physical inactivity.  

 

1.8 Research Aims and Hypotheses 

The primary aim of this thesis is to examine the acute and long-term effects of exercise format 

and basic psychological need-support on subsequent food intake, perceptions of appetite, 

and appetite-related blood variables. Specific aims of this doctoral work are to i) explore the 

acute effects of exercise format on subsequent food intake, perceptions of appetite, and 

appetite-related blood variables; ii) examine the acute effects of need-support on subsequent 

food intake, perceptions of appetite, perceived need-support, and need-satisfaction; iii) 

explore the interaction of the exercise format and need-support and their effects on the 
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aforementioned variables in an acute setting, and; iv) investigate the effect of 12 weeks of 

regular supervised SIT delivered with need-support compared with traditionally-

recommended continuous moderate-intensity training without need-support on post-

exercise food intake, appetite, aerobic fitness, exercise enjoyment, and body composition.  

 

The hypotheses relating to these research aims are that i) a single bout of SIT will result in an 

acute suppression of energy intake post-exercise when compared with traditional, moderate-

intensity continuous exercise; ii) exercise delivered with psychological need-support will 

result in greater perceptions of need-support and satisfaction and an acute suppression of 

food intake post-exercise when compared with no need-support; iii) there will be an 

interaction of exercise format and provision of need-support, whereby SIT combined with 

need-support will result in the least amount of food consumed post-exercise, and; iv) 12 

weeks of SIT with need-support will result in a greater decrease in post-exercise food intake 

post-intervention, compared with moderate-intensity continuous exercise, along with greater 

enjoyment of exercise and improvements in body composition and aerobic fitness.  

 

1.9 Organisation of the Thesis  

This thesis is organised as a series of chapters. Following the Literature Review are two 

chapters which are based on manuscripts prepared for publication that address the research 

aims of this thesis. Finally, the last chapter provides an integration of the key findings of the 

thesis by providing a general discussion including conclusions, implications, and directions for 

future research.  
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Chapter 2 

Interactions of sprint interval exercise and psychological need-support on subsequent food 

intake among physically inactive men and women 

 

Based on a manuscript reviewed and published in Applied Physiology, Nutrition, and 

Metabolism 

 

Beer, N. J., Dimmock, J. A., Jackson, B., & Guelfi, K. J. (2020) Interactions of sprint interval 

exercise and psychological need-support on subsequent food intake among physically 

inactive men and women. Applied Physiology, Nutrition, and Metabolism, 45(8), 835-844. 

doi:10.1139/apnm-2019-0672 
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2.1 Abstract 

Purpose: The aim of this study was to investigate the effect of an acute bout of sprint interval 

training (SIT) and psychological need-support in exercise on post-exercise appetite and energy 

intake. Methods: Forty physically inactive men and women (BMI 24.6 ± 4.8 kg·m-2, V̇O2peak 

26.6 ± 4.9 mL·kg-1·min-1) were randomised to either a need-support or no-support condition, 

with each participant completing two experimental trials involving 30 min of moderate-

intensity continuous cycling (MICT; 60% V̇O2peak) and SIT (alternating 15 s at 170% V̇O2peak and 

60 s at 32% V̇O2peak) matched for total work. Perceptions of appetite and appetite-related 

blood variables were assessed, together with ad libitum energy intake for three hours 

following exercise using a laboratory test meal and available snacks. Results: Greater 

enjoyment, perceived exertion, heart rate, and blood lactate were observed in SIT compared 

with MICT (all p ≤ 0.006). Ratings of perceived appetite were similar across conditions and 

trials (p > 0.05); however, active ghrelin was lower following SIT compared with MICT (p < 

0.001), and there was a significant condition-by-format interaction for energy intake (p = 

0.033), with participants in the support group consuming less energy from foods following SIT 

(1895 ± 1040 kJ) than MICT (2475 ± 1192 kJ). Conclusion: Findings from this work highlight 

the need to reconsider traditional exercise guidelines where dietary intake is a concern 

 

Trial registration: Australian New Zealand Clinical Trials Registry (ACTRN12618001765213). 

Retrospectively registered.  
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2.2 Introduction 

It is well-recognised that exercise has numerous benefits for both physical and psychological 

health (Warburton et al., 2006). However, certain behaviours around exercise—such as 

‘unhealthy’ and/or excessive food/drink intake—may counteract some of these benefits. The 

effect of exercise on eating behaviour appears to be highly variable across individuals and 

exercise conditions (Beaulieu et al., 2018; Schubert et al., 2013). In particular, energy intake 

around exercise may be influenced by both the physiological demands and psychological 

experiences of exercise (Dimmock et al., 2015; Dorling et al., 2018), but research on the 

influence of these factors on post-exercise food consumption is still required. 

 

With regards to the physiological demands of exercise, researchers have shown that the 

format of exercise (i.e., continuous or intermittent) may influence post-exercise food 

consumption (Alkahtani et al., 2014; Crisp et al., 2012; Sim et al., 2014). Sim et al. (2014), 

found that very high-intensity intermittent exercise (referred to herein as sprint interval 

training (SIT), in line with recently proposed definitions (Weston et al., 2014)) resulted in 

lower energy intake at a post-exercise single-item test meal compared to MICT, of matched 

overall duration (30 minutes) and total work, in men with overweight. This was associated 

with lower blood concentrations of active ghrelin (high levels of which stimulate hunger). 

Others have also reported reduced energy intake following high-intensity intermittent 

exercise and SIT compared with moderate-intensity continuous training (MICT) protocols in 

men with overweight and obesity (Alkahtani et al., 2014) and boys with overweight (Crisp et 

al., 2012), although not all research is consistent in this area in healthy, young men (Deighton, 

Karra, et al., 2013). Regardless, little is known about how SIT influences objectively-measured 

laboratory food consumption beyond the immediate post-exercise meal, given that self-

report measures are usually employed following this point. Additionally, whether SIT may also 

influence an individual’s food choices, remains to be determined given that overall energy 

intake has predominantly been assessed from a single-item test meal in the aforementioned 

studies.  
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In addition to the potential influence of the format of exercise on energy intake, psychological 

factors associated with different forms of exercise motivation may influence post-exercise 

food consumption (Beer et al., 2017; West et al., 2017). Briefly, according to Self-

Determination Theory (SDT; (Deci & Ryan, 1985), autonomous motivation reflects the pursuit 

of exercise with a sense of personal volition, enjoyment, and/or endorsement, whereas 

controlled motivation reflects the pursuit of exercise due to the imposition of internal or 

external pressures. Conceptual and empirical work indicates that controlled (as opposed to 

autonomous) motivation for exercise may be associated with cognitive and physiological 

factors that increase the desire for hedonically pleasurable and ‘unhealthy’ foods/drinks (see 

e.g., Dimmock et al. (2015); West et al. (2017)). Within the broad framework of SDT, Ryan and 

Deci (2000) suggest that individuals have basic psychological needs for autonomy, 

competence, and relatedness, and that these needs foster psychological well-being and 

autonomous (higher-quality) motivation. Of note, researchers have shown that providing a 

key component of autonomy-support—that of choice—during an acute bout of exercise 

attenuates post-exercise total and ‘unhealthy’ energy intake (Beer et al., 2017). However, the 

provision of choice is only one of the many recommended strategies for creating need-

supportive exercise conditions, and it is possible that the support of individuals’ basic needs 

of autonomy, competence, and relatedness (i.e., need-support) may further attenuate the 

consumption of ‘unhealthy’ foods through the formation of high-quality autonomous 

motivation. Research is yet to be conducted to determine the effect of a full suite of need-

supportive strategies to promote autonomy, competence, and relatedness (for a review see 

Vansteenkiste and Ryan (2013)) in exercise on post-exercise food consumption, appetite, and 

appetite-related blood metabolites.  

 

While both physiological characteristics and psychological experiences during exercise may 

influence subsequent appetite and food intake, questions also remain about the possible 

interaction between these factors in influencing post-exercise food consumption. 

Accordingly, the aim of this study was to explore the independent and interactive effects of 

the format of exercise (i.e., SIT relative to MICT) and psychological need-support (through the 

provision of support for autonomy, competence, and relatedness) on energy intake and food 

choices during the hours following an exercise session. It was hypothesised that i) there would 
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be a main effect for exercise format, whereby SIT, relative to MICT, would result in reduced 

total and ‘unhealthy’ energy intake post-session, ii) there would be a main effect for need-

support, whereby need-supportive conditions would result in less total and ‘unhealthy’ 

energy consumed by participants post-exercise compared with those in a no-support 

condition, and iii) there would be an interaction between the format of exercise and provision 

of need-support, whereby SIT combined with need-support would result in the least amount 

of food consumed, particularly from ‘unhealthy’ sources, post-exercise. 

 

2.3 Methods 

2.3.1. Participants 

An estimated required sample of 36 participants was calculated to provide 80% power to 

detect a significant difference (p < 0.05) in total ad libitum energy intake at a post-exercise 

meal using G*Power software (Faul, Erdfelder, Lang, & Buchner, 2007) based on the effect 

size (d = 0.60) reported in previous related work (Beer et al., 2017). As such, 40 inactive men 

and women (men = 10; women = 30), who met inclusion criteria (described below), were 

recruited for the present study. Individuals were eligible for participation if they were aged 

between 18 and 40 years, had a body mass index (BMI) of 18.5 - 40, and physically inactive, 

defined as performing ≤ 75 minutes of moderate to vigorous physical activity per week. 

Exclusion criteria were a history of medical conditions such as diabetes, cardiovascular 

disease, and/or eating disorders known to affect appetite and food intake, a score of ≥ 3.5 on 

the restraint scale of the Dutch Eating Behaviour Questionnaire (DEBQ; Van Strien et al., 

1986), injury or illness limiting the ability to exercise, current medication which would 

interfere with appetite, and dietary restriction (e.g., vegan, currently dieting to lose weight, 

etc.). This study was approved by the Institutional Human Ethics Committee (Appendix A) and 

written consent (Appendix B) was obtained from all participants; however, to minimise the 

potential for biased responses, participants were not informed that their food intake was 

being assessed in the study. Instead, they were informed that the aim of the study was to 

investigate the effect of exercise on psychological and physiological markers of stress in the 

body, and that food would be provided following exercise given that they were required to 

arrive in a fasted state and remain in the laboratory for the entire morning (Appendix B). 

Participants were probed for suspicion by answering the single item “In your own words, 
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please describe the purpose of this study”, which confirmed that no participants suspected 

the assessment of energy intake. All participants were debriefed as to the true purpose of the 

study upon completion of data collection.  

 

2.3.2 Experimental Design 

Using a mixed-subjects yoked 2 (need-support vs no need-support) x 2 (SIT vs MICT) factorial 

design, each participant was required to attend three separate laboratory sessions. The first 

was an introductory session, which included baseline assessments of motivational 

orientations towards exercise, current exercise behaviours and preferences, eating habits and 

food preferences, fitness, and anthropometry (see “Introductory Session” section for further 

details). Following this session, participants were pair matched based on sex, age (± 5 years), 

peak oxygen consumption (V̇O2peak; ± 5 mL·kg·min-1), body mass (± 5 kg), and height (± 10 cm). 

Participants within each pair were then randomly allocated into either a support or no-

support group (between-subjects factor), using a random number generator, and then 

required to complete two experimental trials at least one week apart (within-subjects factor; 

SIT vs MICT). The specific order of the trials was chosen by participants in the support 

condition, in line with the need-support manipulation by providing opportunities of choice 

which is fundamental to the experience of autonomy (60% of participants in the support 

condition completed MICT first). The effects of the format of exercise and need-support 

manipulations on subsequent perceived appetite, food choices, and overall food intake, 

together with appetite-regulatory hormones, subjective vitality, and perceived need-support, 

were assessed. Women were tested in the follicular phase of the menstrual cycle (day 7 ± 3 

as determined from onset of menstruation) given the well-established effect of menstrual 

cycle on appetite and energy intake (Dye & Blundell, 1997). 

 

2.3.3 Introductory Session 

Participants completed a series of questionnaires (Appendix E) including the Godin Leisure 

Time Exercise Questionnaire (GLTEQ; Godin and Shephard 1985) to assess current exercise 

participation, and the Behavioural Regulation in Exercise Questionnaire-3 (BREQ-3; Markland 

and Tobin 2004) to assess motivational orientation toward exercise. Self-reported motivation 

for compensatory eating was measured using the 15-item Compensatory Eating Motives 
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Questionnaire (CEMQ; Moshier et al. 2016), and food cravings (specifically the general desire 

for food) were assessed via the General Food Craving Questionnaire-Trait (GFCI-T; Nijs et al. 

2007). Finally, a customised food preference questionnaire was administered to ensure the 

acceptability of food items provided in the laboratory test meal during the experimental trials. 

Participants were asked to indicate whether they were allergic to any of the foods and then 

rate their preference for each item on a seven-point Likert scale anchored at 1 (dislike 

extremely) and 7 (like extremely). Participants were also asked about their ‘typical breakfast’ 

and ‘favourite food treats’ to guide what foods would be provided in the experimental trial 

to ensure that the foods presented were liked by, and familiar to, the participants. 

 

After completion of the baseline questionnaires, V̇O2peak was measured using a continuous 

graded exercise test on a calibrated front-access air-braked cycle ergometer (Model EX-10, 

Repco Cycle, Huntingdale, Victoria, Australia) interfaced with a customised software program 

(Cyclemax, School of Human Sciences, University of Western Australia, Perth, Australia). 

Starting at a workload of 50 W and increasing by 30 W every three minutes for men and 20 

W every three minutes for women, participants were required to continue cycling until 

voluntary exhaustion was reached while heart rate (HR; Polar, Kempele, Finland) and oxygen 

consumption were monitored (TrueOne 2400, Parvo Medics Inc, Sandy, UT, USA). Individual 

V̇O2peak was determined from the highest minute average during the test. In addition, the 

power output and volume of oxygen consumption (V̇O2) data for each test stage were plotted 

to determine the cycling power output required to elicit the appropriate exercise intensity for 

the experimental trials. Finally, participants completed two min of each exercise protocol for 

familiarisation purposes. 

 

2.3.4 Experimental Sessions 

Participants arrived at the laboratory at 0800 after a 10-hour overnight fast having been 

instructed to consume 300 mL of water upon waking. Upon arrival, baseline measures were 

obtained (for more information, see “Experimental Measures” section). Next, participants 

completed 30 minutes of either i) MICT, performed on a stationary cycle ergometer at 60% 

V̇O2peak or ii) SIT, alternating high- and low-intensity efforts performed at a ratio of 1:4 (15 

seconds at a power output equivalent to 170% V̇O2peak) with an active recovery period (60 
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seconds at a power output of 32% V̇O2peak) between efforts. Total work and mean power 

output were matched between protocols and were set at levels that were expected to result 

in significant differences in subsequent energy intake (Sim et al., 2014). Need-support was 

provided to participants randomised to the support group through a number of techniques 

that have been described previously (see e.g., Edmunds et al., 2008) from arrival until 

cessation of the exercise. For example, autonomy was supported by providing clear rationales 

and benefits of the exercise, offering choices where possible (e.g., of the music 

accompaniment, order of completion of the SIT and MICT trials), inviting questions, and using 

non-controlling language. Competence was supported by providing clear instructions and 

demonstrations of the exercise to participants and offering positive, relevant feedback. 

Relatedness was supported by offering empathy where appropriate, standing with close 

proximity to participants, and displaying appreciation and concern for participants’ well-

being. Autonomy, competence, and relatedness were not intentionally supported in the no-

support condition; however, to increase the ecological validity of the study, no attempts were 

made to purposely undermine participants’ experiences (i.e., participants in the no-support 

condition received ‘neutral’ exercise conditions designed to emulate a ‘typical’ exercise 

situation). 

 

Immediately following the exercise, a number of assessments were conducted (detailed 

later), before participants were provided (approximately 20 minutes post-exercise) with a 

laboratory test meal for 30 minutes. After the test meal, participants remained in the 

laboratory for an additional 2.5 hours before final assessments were conducted (Figure 2.1). 

During this time, participants were allowed to read a book, use their mobile phones, or watch 

a film, but were asked not to do any work or stressful activities. Upon leaving the laboratory, 

free-living energy intake and physical activity levels were monitored for the remainder of the 

day.  
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Figure 2.1 Experimental trial timeline.
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2.3.5 Experimental Measures 

2.3.5.a Exercise Characteristics 

The prescribed exercise intensities were confirmed by monitoring cycling power output and 

total work. Ratings of perceived exertion (RPE; Borg, 1982) were collected immediately post-

exercise, whereas HR was measured every 5 minutes during exercise.  

 

2.3.5.b Perceptions of the Exercise Task 

Participants’ perceptions of the exercise instructor’s need-support were assessed via a 15-

item questionnaire developed by Markland and Tobin (2010), containing items assessing 

autonomy- (e.g., “The exercise instructor provided me with choices and options”) 

structure/competence- (e.g., “The exercise instructor helped me feel confident about 

exercise”), and involvement/relatedness-support (e.g., “The exercise instructor cared about 

me”). Responses were scored on a five-point scale ranging from 0 (not true for me) to 4 (very 

true for me). A modified version of this questionnaire was also completed by two independent 

observers, who were blind to the experimental conditions, to confirm that the desired 

psychological conditions had been achieved. The two observers rated each of the four 

possible conditions (i.e., SIT with need-support, MICT without need-support, etc.), except in 

the case of one session where only one observer could be present (7 observations in total). 

The Intrinsic Motivation Inventory (IMI; Plant and Ryan 1985) was administered immediately 

post-exercise to assess participants’ perceived enjoyment, choice, and competence of the 

exercise session using a seven-point response scale anchored at 1 (not true at all) to 7 (very 

true). 

 

2.3.5.c Appetite and Energy Intake 

Perceived appetite was assessed using a modified visual analogue scale pre- and post-

exercise. This validated scale (Flint, Raben, Blundell, & Astrup, 2000) takes the form of two 

straight lines (100 mm in length each) accompanied by a question anchored with words 

representing extreme states of hunger and fullness at either end. In order to disguise the 
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purpose of these questions (and possibly alert participants to the measurement of food 

intake), three ‘filler’ questions were included (e.g., “How stressed do you feel?”).  

 

Energy intake was assessed using a laboratory test meal provided 20 minutes after completing 

the exercise bout, and over the 2.5-hour period following the cessation of this test meal using 

a range of available snacks (3 hours of monitoring in total). The initial laboratory test meal 

consisted of products of known and differing macronutrient composition, including an 

assortment of typical breakfast foods and treats such as bread, spreads, cereal, milk, fruit, 

muffins, and biscuits. All food provided was weighed before participants’ arrival and re-

weighed after consumption. Following the laboratory test meal, and for the remaining 2.5 

hours of monitoring, participants had free-access to a number of typical snack items (e.g., 

fruit, chocolate, salted chips/crisps). These meals were provided and analysed separately in 

order to explore whether excess and/or unhealthy post-exercise food consumption is likely 

to occur at the immediate post-exercise meal and/or in the hours that follow. Water was not 

offered to participants during the exercise; however, a standardised bottle of plain drinking 

water (~ 1500 mL) was made available during the monitoring period. To determine energy 

intake, the post-consumption weight was subtracted from the pre-meal weight of each food 

item. The amount of food consumed (grams) was multiplied by the number of kilojoules 

within the product, as specified by the manufacturer’s nutrition facts label, or by FoodWorks 

software package (FoodWorks v 4.2.0, Xyris Software, Qld, Australia) where nutrition labels 

were not available. In order to classify foods as ‘healthy’ and ‘unhealthy’, participants rated 

all of the food provided on a scale anchored at 1 (very unhealthy) to 7 (very healthy). Foods 

that scored on average below the midpoint of the scale (i.e., 3.5) were classified as ‘unhealthy’ 

and vice versa for ‘healthy’ foods. Foods that were classified as ‘healthy’ included fruits, low-

fat milk, Sanitarium Weetbix breakfast cereal, wholemeal bread, and low-fat breakfast 

condiments (5.0 ± 1.4), and those considered ‘unhealthy’ included confectionary, muffins, 

chocolate breakfast biscuits, and Coco Pops breakfast cereal (2.0 ± 0.5).  
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2.3.5.d Appetite-Related Blood Variables 

Capillary blood was sampled at baseline (pre-exercise) and immediately post-exercise. Blood 

(500 µl) was collected from a warmed fingertip using a sterile lancet (Unistick 2 Extra; Owen 

Mumford, Oxford, UK) after warming the entire hand in a box heated with warm air 

(approximately 55 °C) for five minutes. Whole blood was analysed for glucose (Hemocue 

glucose 201 RT; Hemocue AB, Ängelholm, Sweden) and lactate (Lactate Pro; Arkray, LT-1710, 

Kyoto, Japan). The remaining blood was treated with ethylenediaminetetraacetic acid (EDTA; 

Microtainer tubes with K2E (K2EDTA), BD Microtainer, Franklin Lakes, NJ, 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 minutes. Plasma obtained was stored at -80 °C and 

later analysed for pancreatic polypeptide (PP) and active ghrelin using a commercially 

available assay kit (Milliplex Human Gut Hormone Panel; Millipore Corporation, Billerica, MA, 

USA). The intra-assay coefficient of variation was 5.2% for ghrelin and 12.0% for PP. These 

metabolites and peptides were measured based on their potential role in influencing appetite 

in an exercise setting (Schubert et al., 2014). 

 

2.3.5.e Free-Living Food Intake and Physical Activity 

Free-living food consumption was determined via self-report food diaries completed on the 

day before the experimental trial (to ensure prior dietary consistency) and the remainder of 

the experimental day upon leaving the laboratory (to examine any differences between 

conditions). Instructions on the use (including a one-day example) and the necessity for 

accurate and detailed recordings of food and/or drink intake immediately after consumption 

were emphasised. The total kilojoules ingested were calculated using a commercially 

available software program (FoodWorks). 

 

Participants wore an accelerometer (GT3X+ Activity Monitor, ActiGraph, Florida, USA) on the 

right hip with a log provided to note when the device was positioned and removed. Data were 

recorded in 60-second epochs. Energy expenditure were determined using the ActiLife 

software (version 6.9.3, 2014, Florida, USA).  
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2.3.6 Statistical Analyses 

Statistical analyses were conducted using SPSS version 25 software package for Windows, 

with statistical significance being accepted at an alpha level of p < 0.05. To assess whether the 

background characteristics of participants randomised to the two groups (between-subjects 

factor) differed prior to the experimental manipulation, a multivariate analysis of variance 

(MANOVA) was conducted to compare age, body mass, height, BMI, V̇O2peak, and baseline 

activity levels (i.e., GLTEQ scores). In a separate MANOVA, self-reported motivation toward 

exercise (using a relative autonomy index), restrained eating, compensatory eating motives, 

and food cravings were compared between groups. Physiological responses to exercise (i.e., 

HR, RPE, mean power, and mechanical work done) were assessed using two-way (need-

support x format) MANOVA. Perceptions of the exercise session (i.e., IMI scores and perceived 

need-support) were assessed using two-way analysis of variance (ANOVA). Perceived appetite 

and appetite-regulating blood variables were assessed using three-way (need-support x 

format x time) ANOVA. The effect of exercise format (i.e., SIT or MICT) and need-support on 

energy intake at the laboratory meal, energy intake from snacks, as well as the intake from 

‘healthy’ and ‘unhealthy’ sources, were assessed using two-way (need-support x format) 

ANOVA. Cohen’s d effect sizes (d) were calculated for pairwise comparisons of energy intake.  

 

2.4 Results 

2.4.1 Participant Characteristics 

Participants were well matched between groups (see Table 2.1), with no significant 

differences in age, fitness, current physical activity levels, body mass, and height observed, 

F(5, 34) = 0.218, p = 0.952, η2
p = 0.031. Likewise, there were no significant between-group 

differences on self-reported motivation toward exercise, restrained eating, compensatory 

eating motives, or food cravings, F(7, 32) = 0.554, p = 0.787, η2
p = 0.108. 
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Table 2.1 Descriptive characteristics of participants randomised to the support and no-

support exercise conditions (mean ± SD). 

 

Note. BMI, body mass index; CEMQ, Compensatory Eating Motives Questionnaire; GLTEQ, 

Godin Leisure Time Exercise Questionnaire, where higher scores denote greater leisure time 

physical activity; GFCI-T, General Food Craving Inventory – Trait. No significant differences 

were observed between groups on any variable. 

Characteristic Support (n = 20) No-support (n = 20) 

Age (yr) 24.5 ± 7.2 24.4 ± 6.3 

Body mass (kg) 72.65 ± 20.55 67.88 ± 15.42 

Height (cm) 168.9 ± 10.1  167.4 ± 8.2 

BMI (kg·m-2) 25.2 ± 5.3 24.1 ± 4.3 

V̇O2peak (mL·kg·min-1) 26.88 ± 5.29 26.32 ± 4.65 

GLTEQ 19.65 ± 14.39 19.70 ± 15.45 

Dietary restraint 2.39 ± 0.68 2.49 ± 0.81 

CEMQ 2.35 ± 0.39 2.40 ± 0.43 

GFCI-T 5.28 ± 8.02 4.90 ± 5.22 

Motivation for exercise   

Amotivation 0.36 ± 0.46 0.34 ± 0.56 

External regulation 0.93 ± 0.87 0.95 ± 0.89 

Introjected regulation 2.10 ± 1.03 2.03 ± 1.10 

Identified regulation 2.73 ± 0.73 2.58 ± 0.65 

Integrated regulation 1.14 ± 0.78 1.28 ± 0.88 

Intrinsic motivation 1.85 ± 0.94 1.91 ± 0.99 
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2.4.2 Exercise Characteristics 

The descriptive characteristics of the exercise are shown in Table 2.2 The environmental 

temperature and humidity in the laboratory were well controlled (21.2 ± 0.3 °C, range: 20.1 – 

22.6 and 54.5 ± 5.9 %, respectively), with no significant differences between conditions (p > 

0.05). Likewise, the physical demands of the exercise were matched within each pair 

(mechanical work done, mean power, HR, RPE), with no effect of need-support, F(4, 32) = 

0.436, p = 0.781, η2
p = 0.052, or interaction between need-support and exercise format, F(4, 

32) = 2.212, p = 0.090, η2
p = 0.217. However, there was a significant effect for format, F(4, 32) 

= 8.094, p < 0.001, η2
p = 0.503, with greater HR, F(1, 35) = 15.566, p = 0.001, η2

p = 0.308, and 

RPE, F(1, 35) = 29.845, p < 0.001, η2
p = 0.460, recorded during SIT compared with MICT (Table 

2.2).
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Table 2.2 Characteristics of 30 min of SIT and MICT exercise performed with and without need-support (mean ± SD). 

 Support (n = 20)  No-support (n = 20)  Total (n = 40) 

 SIT MICT  SIT MICT  SIT MICT 

Mechanical work (j) 158 935 ± 53 239 157 716 ± 61 233  142 155 ± 43 595 137 016 ± 58 319  151 225 ± 49 117 
148 205 ± 59 

999 

Mean power (W) 89.6 ± 28.8 88.1 ± 33.5  79.0 ± 24.2 79.7 ± 27.2  84.8 ± 28.8 84.2 ± 30.6 

Heart rate (bpm) 148 ± 12 136 ± 16  146 ± 13 143 ± 15  147 ± 12 * 139 ± 16 

RPE 14 ± 1 13 ± 1  14 ± 1 13 ± 1  14 ± 1 * 13 ± 1 

Note. SIT, Sprint interval training; MICT, moderate-intensity continuous training; RPE, rating of perceived exertion. * Significantly different to 

MICT based on a main effect for exercise format (p < 0.01). 
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2.4.3 Perceptions of the Exercise Task 

Perceived autonomy-support, structure (competence-support), and involvement 

(relatedness-support; as rated by participants and the independent observers) is shown in 

Table 2.3. Participants’ perceived autonomy-support was higher in the support group 

compared with the no-support group, F(1, 38) = 19.369, p < 0.001, η2
p = 0.338. No significant 

effects emerged for exercise format, F(1, 38) = 0.191, p = 0.665, η2
p = 0.005, or need-support-

by-exercise format interaction, F(1, 38) = 0.000, p = 1.000, η2
p = 0.000. Structure was not 

statistically different across sessions with no significant effects observed for exercise format 

F(1, 38) = 3.081, p = 0.087, η2
p = 0.075, need-support, F(1, 38) = 3.506, p = 0.069, η2

p = 0.084, 

or need-support-by-exercise format interaction, F(1, 38) = 0.000, p = 1.000, η2
p = 0.000. 

Perceived involvement did not differ according to exercise format F(1, 38) = 0.064, p = 0.802, 

η2
p = 0.002, need-support, F(1, 38) = 0.240, p = 0.603, η2

p = 0.007, or need-support-by-exercise 

format interaction, F(1, 38) = 0.064, p = 0.802, η2
p = 0.002. In contrast, the independent 

observers’ ratings of autonomy, F(1, 3) =29.950, p = 0.032, structure, F(1, 3) =225.000, p = 

0.004, and involvement, F(1, 3) =18.753, p = 0.049 were all higher for the support group 

compared with the no-support group (for specific mean comparisons, see Table 2.3). 

 

Enjoyment scores were higher in SIT compared with MICT, F(1, 37) = 8.674, p = 0.006, η2
p = 

0.190; and in support compared with no-support, F(1, 37) = 4.629, p = 0.038, η2
p = 0.111; 

however, the interaction was non-significant, F(1, 37) = 2.336, p = 0.135, η2
p = 2.336. 

Perceived choice was higher in the support compared to no-support condition, F(1, 37) = 

4.878, p = 0.033 η2
p = 0.116, but was similar across SIT and MICT trials, with no effect of 

exercise format, F(1, 37) = 0.309, p = 0.582, η2
p = 0.008, or need-support-by-exercise format 

interaction, F(1, 37) = 0.813, p = 0.373, η2
p = 0.021. Perceived competence was higher in MICT 

than SIT, F(1, 37) = 10.693, p = 0.002, η2
p = 0.224; however, the need-support, F(1, 37) = 1.651, 

p = 0.207, η2
p = 0.043, and need-support-by-exercise format interaction, F(1, 37) = 1.245, p = 

0.272, η2
p = 0.033, effects were non-significant
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Table 2.3 Subjective exercise experience and perceived need-support during 30 min of SIT and MICT exercise performed with and without need-

support (mean ± SD). 

Note. SIT, Sprint interval training; MICT, moderate-intensity continuous training;* Significant difference between SIT and MICT based on a main 

effect for exercise format (p < 0.01); † significant main effect of need-support as rated by participants (p < 0.05); ‡ significant main effect of 

need-support as rated by independent observers (p < 0.05).

 Support (n = 20)  No-support (n = 20)  Independent observer ratings (n = 7) 

 SIT MICT  SIT MICT  Support No-support 

Need-support         

Autonomy † 3.75 ± 0.44 3.70 ± 0.57  2.90 ± 0.79 2.85 ± 0.93  3.45 ± 0.07 ‡  0.70 ± 0.71 

Structure (competence)  3.90 ± 0.31 3.75 ± 0.44  3.65 ± 0.59 3.50 ± 0.61  3.60 ± 0.00 ‡  2.10 ± 0.14 

Involvement 

(relatedness) 
3.75 ± 0.44 3.70 ± 0.57 

 
3.65 ± 0.59 3.65 ± 0.59 

 
3.40 ± 0.57 ‡  1.55 ± 0.21 

Need-satisfaction         

Enjoyment * † 5.05 ± 0.94 4.80 ± 1.20  4.58 ± 1.26 3.79 ± 1.40    

Choice † 6.50 ± 0.61 6.45 ± 0.69  5.95 ± 0.85 6.16 ± 0.83    

Competence * 4.00 ± 0.92 4.75 ± 0.91  3.79 ± 1.23 4.16 ± 1.34    
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2.4.4 Appetite and Energy Intake 

For self-reported hunger, there was a three-way interaction between need-support, exercise 

format, and time, F(1, 37) = 6.634, p = 0.014, η2
p = 0.152. Post-hoc analysis revealed that 

hunger was significantly higher prior to the SIT trial in the no-support condition, compared 

with the support condition. There was no main effect of exercise format, F(1, 37) = 0.117, p = 

0.734, η2
p = 0.003, and need-support, F(1, 37) = 3.037, p = 0.076, η2

p = 0.076; however, there 

was a main effect of time, F(1, 37) = 24.784, p < 0.001, η2
p = 0.401, whereby hunger 

significantly increased from pre- to post-exercise (Figure 2.2a). With respect to perceived 

fullness, there was no three-way interaction between need-support, format, and time, F(1, 

37) = 2.261, p = 0.141, η2p = 0.058. Fullness did not differ according to SIT or MICT, F(1, 37) = 

0.019, p = 0.892, η2
p = 0.001, support or no-support, F(1, 37) = 2.701, p = 0.109, η2

p = 0.068, 

or time, F(1, 37) = 1.858, p = 0.181, η2
p = 0.048 (Figure 2.2b).
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Figure 2.2 Mean (± SE) perceived hunger (a) and fullness (b) following 30 min of SIT and MICT 

in support and no-support conditions. Note. SIT, Sprint interval training; MICT, moderate-

intensity continuous training * Significant difference between SIT and MICT in no-support 

condition (p = 0.014); † significant main effect of time (p < 0.001).
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Energy intake at the laboratory test meal is presented in Figure 2.3a. With respect to total 

energy intake, there were no effects of exercise format, F(1, 38) = 2.806, p = 0.102, η2
p = 0.069, 

d = 0.27, or need-support, F(1, 38) = 0.040, p = 0.842, η2
p = 0.001, d = 0.09; however, there 

was a need-support-by-exercise format interaction, F(1, 38) = 4.894, p = 0.033, η2
p = 0.114, 

such that total energy intake was lower following SIT with support than MICT with support (d 

= 0.73). When intake was considered separately from ‘healthy’ and ‘unhealthy’ sources, 

consumption from ‘healthy’ foods was similar across conditions and trials, with no significant 

main effects of exercise format, F(1, 38) = 0.235, p = 0.630, η2
p = 0.006, d = 0.09, or need-

support, F(1, 38) = 0.695, p = 0.410, η2
p = 0.018, d = 0.37, and no need-support-by-format 

interaction, F(1, 38) = 1.875, p = 0.179, η2
p = 0.047. In contrast, consumption of ‘unhealthy’ 

foods from the laboratory test meal was lower following SIT (953 ± 1075 kJ) compared with 

MICT (1244 ± 952 kJ), F(1, 38) = 6.995, p = 0.012, η2
p = 0.155, d = 0.41, but did not differ based 

on need-support, F(1, 38) = 0.824, p = 0.370, η2
p = 0.021, d = 0.44, or the format of exercise 

and need-support interaction, F(1, 38) = 2.744, p = 0.106, η2
p = 0.067. Water consumption was 

similar between the SIT (207 ± 136 mL) and MICT trials at this time (201 ± 111 mL), t(39) = 

0.207, p = 0.837. 

 

Analysis of total energy intake from snacks (i.e., for the remaining 2.5 h after the laboratory 

test meal) revealed no main effect of exercise format, F(1, 38) = 1.761, p = 0.192, η2
p = 0.044, 

d = 0.28, or need-support, F(1, 38) = 3.424, p = 0.072, η2
p = 0.083, d = 0.83; however, there 

was a need-support-by-format interaction, such that participants consumed less total energy 

following SIT without support (500 ± 432 kJ) than MICT without support (783 ± 541 kJ), F(1, 

38) = 6.531, p = 0.015, η2
p = 0.147, d = 0.82 (Figure 2.3b). When intake was considered 

separately from ‘healthy’ and ‘unhealthy’ sources, ‘healthy’ energy intake was not different 

between conditions with no significant effects for exercise format, F(1, 38) = 0.400, p = 0.531, 

η2
p = 0.010, d = 0.20, need-support, F(1, 38) = 1.190, p = 0.282, η2

p = 0.030, d = 0.49, and need-

support-by-format interaction, F(1, 38) = 1.571, p = 0.218, η2
p = 0.040. With respect to 

‘unhealthy’ energy intake, there were no differences between the support and no-support 

group, F(1, 38) = 3.099, p = 0.086, η2
p = 0.075, d = 0.91, or SIT and MICT, F(1, 38) = 1.580, p = 

0.216, η2
p = 0.040, d = 0.41; however, the need-support-by-format interaction approached 

significance, F(1, 38) = 3.641, p = 0.064, η2
p = 0.087, such that ‘unhealthy’ energy intake in the 
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no-support group tended to be lower following SIT than MICT, d = 0.64. Water consumption 

did not differ significantly between SIT (355 ± 273 mL) and MICT trials during the snack period 

(328 ± 221 mL), t(39) = 0.719, p = 0.476. 
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Figure 2.3 Mean (± SE) energy intake at the laboratory test meal (a) and from snacks over 2.5 

h (b) following 30 min of SIT and MICT under support and no-support conditions. Note. SIT, 

Sprint interval training; MICT, moderate-intensity continuous training; * Significantly different 

to MICT in the support condition (p = 0.033); † significantly different to MICT based on a main 

effect of exercise format (p = 0.012); ‡ significantly different to MICT in the no-support 

condition (p = 0.015). 
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2.4.5 Appetite-Related Blood Variables 

Blood lactate and glucose responses to exercise are shown in Table 2.4. With respect to blood 

lactate, there was no interaction between need-support, exercise format, and time, F(1, 37) 

= 0.002, p = 0.966, η2
p = 0.000. However, there was an interaction between exercise format 

and time, F(1, 37) = 52.785, p < 0.001, η2
p = 0.588, such that lactate was significantly higher 

following SIT compared with MICT, and a main effect for time with higher lactate post- 

compared with pre-exercise, F(1, 37) = 122.690, p < 0.001, η2
p = 0.768. No significant main 

effect emerged for need-support, F(1, 37) = 3.426, p = 0.072, η2
p = 0.072. With respect to 

glucose, there was no interaction between need-support, exercise format, and time, F(1, 37) 

= 0.190, p = 0.666, η2
p = 0.005. There were also no main effects for exercise format, F(1, 37) = 

2.161, p = 0.150, η2
p = 0.055, or time, F(1, 37) = 2.905, p = 0.097, η2

p = 0.073; however, there 

was a significant main effect for need-support, F(1, 37) = 5.328, p = 0.027, η2p = 0.126, such 

that glucose concentrations were higher in the support group compared with no-support 

group. 

 

There was no interaction between need-support, exercise format, and time, F(1, 29) = 1.665, 

p = 0.207, η2
p = 0.054, for active ghrelin. However, there was a two-way interaction between 

exercise format and time, F(1, 29) = 12.039, p = 0.002, η2
p = 0.293, such that active ghrelin 

was significantly lower following SIT compared with MICT. Specifically, 31 of 34 participants 

experienced a decrease in ghrelin following SIT, compared with 23 of 34 participants following 

MICT. Likewise, there was a main effect of time, F(1, 29) = 18.662, p < 0.001, η2
p = 0.392, such 

that active ghrelin decreased from pre- to post-exercise. No significant main effect emerged 

for need-support, F(1, 29) = 1.294, p = 0.265, η2
p = 0.043. Pancreatic polypeptide remained 

similar across conditions and trials, with non-significant main effects observed for exercise 

format, F(1, 14) = 0.197, p = 0.664, η2
p = 0.014, need-support, F(1, 14) = 0.811, p = 0.383, η2

p 

= 0.811, and time, F(1, 14) = 2.205, p = 0.160, η2
p = 0.136, as well as a non-significant three-

way interaction, F(1, 14) = 1.40, p = 0.284, η2
p = 0.08.
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Table 2.4 Concentrations of appetite-related blood variables in response to 30 minutes of SIT and MICT exercise performed with and without 

need-support (mean ± SD). 

Note. SIT, Sprint interval training; MICT, moderate-intensity continuous training;* Significantly different to pre-exercise based on a main effect 

of time (p < 0.001); † significant difference between support and no-support conditions (p < 0.05); ‡ significantly different to MICT post-exercise 

based on an exercise format-by-time interaction (p < 0.05). 

 Support (n = 20)  No-support (n = 20)  Total (n = 40) 

 SIT MICT  SIT MICT  SIT MICT 

Blood lactate pre-exercise (mM) 1.0 ± 0.3 1.0 ± 0.3  1.2 ± 0.4 1.0 ± 0.3  1.1 ± 0.4 1.0 ± 0.3 

Blood lactate post-exercise (mM) * 4.9 ± 2.8 1.9 ± 1.0  5.7 ± 2.1 2.7 ± 1.5  5.3 ± 2.4 ‡ 2.3 ± 1.3 

Blood glucose pre-exercise (mM) † 4.2 ± 0.5 4.2 ± 0.4  4.0 ± 0.4 3.8 ± 0.6  4.1 ± 0.5 4.0 ± 0.5 

Blood glucose post-exercise (mM) 4.5 ± 0.8 4.2 ± 0.6  4.2 ± 0.8 3.9 ± 0.6  4.3 ± 0.8 4.1 ± 0.6 

Active ghrelin pre-exercise (pg·mL-1) 102.4 ± 70.2 127.3 ± 77.9  129.6 ± 65.5 141.7 ± 72.7  116.5 ± 68.1 134.7 ± 74.4 

Active ghrelin post-exercise (pg·mL-1) * 58.3 ± 41.0 102.1 ± 42.5  74.3 ± 50.2 127.6 ± 58.2  66.6 ± 46.0 ‡ 115.2 ± 52.0 

Pancreatic polypeptide pre-exercise (pg·mL-

1) 

101.2 ± 36.6 90.2 ± 38.7  153.8 ± 

150.3 

147.2 ± 

178.7 

 130.8 ± 

115.4 

122.3 ± 

149.5 

Pancreatic polypeptide post-exercise 

(pg·mL-1) 

119.9 ± 99.0 116.7 ± 99.0  139.8 ± 84.9 191.8 ± 

178.3 

 131.1 ± 72.9 159.9 ± 

149.5 
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Free-living food intake and physical activity  

Energy intake during the day before experimental trials was well-matched between exercise 

trials, with no within-group, F(1, 36) = 1.325, p = 0.257, η2
p = 0.035, or between-group, F(1, 

36) = 0.418, p = 0.522, η2
p = 0.011, differences. Free-living energy intake for the remainder of 

the day upon leaving the laboratory remained similar with no significant main effect for need-

support, F(1, 30) = 0.271, p = 0.606, η2
p = 0.009, exercise format, F(1, 30) = 0.380, p = 0.542, 

η2
p = 0.012, or need-support-by-format interaction F(1, 30) = 0.903, p = 0.350, η2

p = 0.029 

(MICT no-support 1383 ± 585 kJ; SIT no-support 1404 ± 660 kJ; MICT support 1220 ± 870 kJ; 

SIT support 1302 ± 688 kJ). 

 

Data from 30 participants, who provided ≥ 10 hours of accelerometer data for the remainder 

of both trial days, were analysed for objectively measured physical activity. Energy 

expenditure after leaving the laboratory did not differ between trials, with no effect of 

exercise format, F(1, 28) = 0.190, p = 0.667, η2
p = 0.007, need-support, F(1, 28) = 0.313, p = 

0.580, η2
p = 0.011, or format-by-need-support interaction, F(1, 28) = 0.067, p = 0.797, η2

p = 

0.002. 

 

2.5 Discussion 

The primary aim of this study was to investigate the main and interactive effects of exercise 

format and psychological need-support during exercise on subsequent food intake. 

Specifically, we investigated the influence of SIT compared with traditionally-prescribed MICT 

and did so using conditions which were intended to be supportive or not-supportive of the 

three basic needs posited in SDT; autonomy, competence, and relatedness (Deci & Ryan, 

2000). Our hypotheses—that exercise format and need-support would independently 

influence subsequent energy intake—were partially supported, with consumption of 

‘unhealthy’ foods at the laboratory test meal lower following SIT than MICT, independent of 

need-support. More importantly, however, our third hypothesis—that exercise format and 

need-support would interact to influence subsequent energy intake—was supported, such 

that participants consumed less total energy at the laboratory test meal following SIT with 

need-support, compared to MICT with need-support, and was notably less than all other 
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sessions. Total energy intake from snacks was also lower following SIT compared with MICT 

with respect to the no-support condition. The attenuated food intake following SIT was 

associated with greater enjoyment, higher perceived effort, greater concentrations of blood 

lactate, and lower blood concentrations of active ghrelin post-exercise.  

 

This investigation is the first to consider the issue of post-exercise food compensation from a 

multidisciplinary approach, with researchers having previously only investigated the effects 

of the physiological demands and psychological experiences of exercise in isolation (e.g., Beer 

et al. 2017; Sim et al. 2014). With respect to the effect of exercise format on subsequent 

energy intake, we observed similar total energy intake between SIT and MICT; however, our 

finding that SIT resulted in lower consumption of ‘unhealthy’ foods at the laboratory test meal 

compared with MICT both supports (Sim et al. 2014) and opposes (Deighton, Karra, et al., 

2013; Martins et al., 2015) previous investigations in which researchers have compared the 

effects of SIT and MICT on subsequent total energy intake. A number of methodological 

differences in both the exercise stimulus studied and the assessment of energy intake may 

assist with explaining these discrepancies. While the aforementioned studies did not 

incorporate multi-item test meals comprising of both ‘healthy’ and ‘unhealthy’ foods to assess 

food choices, Sim and colleagues utilised a sweet test meal, whereas Deighton et al. and 

Martins et al. utilised savoury test meals. Therefore, these differences may be attributed, at 

least in part, to the composition of the test meal used. There are studies, however, in which 

individuals have consumed similar energy from test meals which have incorporated both 

sweet and savoury items following SIT and MICT (Deighton, Barry, et al., 2013); therefore, 

other factors, such as the exercise characteristics or population studied, may be of relevance. 

Notably, we utilised the same SIT protocol employed in the study by Sim and colleagues (i.e., 

15 s at 170% V̇O2peak separated by a 60-second recovery), as opposed to the protocol by 

Deighton and colleagues (four-minute efforts performed at ~ 85% V̇O2peak separated by a two-

minute recovery) and Martins and colleagues (8 s all-out sprint followed by 12 s slow 

pedalling), which together with the aforementioned variables, may also affect subsequent 

eating behaviour.  
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Mechanistically, it is possible that the suppression of ‘unhealthy’ energy intake following SIT 

may have been contributed to by the differences in appetite-regulatory metabolites and 

peptides which affect overall energy intake. While blood concentrations of PP remained 

similar across all trials, blood lactate was higher following SIT, which may be of relevance 

given its potential satiating role in appetite regulation (Schultes et al., 2012). Additionally, 

lower concentrations of active ghrelin were observed following SIT compared with MICT, 

which is consistent with previous work of this nature (Islam et al., 2017; Sim et al., 2014). 

Although there is no research linking these appetite-regulatory metabolites and peptides with 

the preferential intake of ‘healthy’ or ‘unhealthy’ foods, there may be a potential for 

individuals to consume high-energy (in this instance ‘unhealthy’) foods in response to 

increased active ghrelin concentrations; however, this hypothesis requires further 

investigation. Interestingly, despite these changes in appetite-regulating metabolites, we saw 

no differences in ratings of perceived appetite between conditions; however, it is has been 

shown that feelings of appetite do not always reflect actual food consumption (Mattes, 1990). 

Regardless, other appetite-related hormones not measured here such as peptide YY or 

metabolites such as interleukin-6, which increases in an intensity-dependent manner during 

exercise, may have contributed to the suppression of energy intake following SIT seen in the 

current study (Almada et al., 2013).  

 

In addition to the potential influence of the physiological demands associated with SIT on 

subsequent energy intake, consideration of individuals’ psychological responses to this 

format of exercise is crucial. Some scholars have argued that this format of exercise (and 

specifically the high-intensity intervals) may result in reduced pleasure, adherence, and 

motivation for exercise (Hardcastle et al., 2014). Others have suggested that individuals may 

experience greater enjoyment of, and preference for SIT over MICT (Stork et al., 2017). The 

latter argument is supported by results from our study as participants rated SIT as more 

enjoyable than MICT, despite higher RPE scores and perceived effort, which is in line with 

other work of this nature (Thum, Parsons, Whittle, & Astorino, 2017). Given that enjoyment 

is associated with autonomous motivation (Deci and Ryan 1985), and the accumulating 

evidence that exercise motivation may influence subsequent eating behaviour (Beer et al., 

2017; West et al., 2017), it is possible that the varied psychological responses to SIT and MICT 
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may have contributed to the lower energy intake from ‘unhealthy’ sources seen following the 

SIT trial.  

 

Although no previous work has been conducted to examine the effect of supporting 

individuals’ basic psychological needs of autonomy, competence, and relatedness in exercise 

on subsequent energy intake, there is evidence that a key component of autonomy support 

(i.e., choice) during an acute bout of exercise may reduce the consumption of ‘unhealthy’ 

foods during recovery (Beer et al., 2017). The discrepancy between these findings, and the 

lack of independent effect of need-support on subsequent food intake in the present study, 

may be explained by participants’ perceived need-support from the exercise instructor, and 

in turn, need-satisfaction during the exercise. With respect to participants’ ratings of the 

instructor’s need-support, autonomy support was rated higher among participants in the 

support condition; however, structure and involvement remained similar across groups. In 

contrast, the independent observers’ ratings of autonomy, structure, and involvement during 

exercise were significantly higher in the support, compared with the no-support, group, 

indicating that the desired social conditions had been achieved. The differences in ratings by 

participants and observers may be due to the fact that observers were well-trained in SDT 

communication techniques, whereas participants may not have been as aware of these 

behaviours and/or participants may not have accurately separated prior experiences (i.e., 

recruitment, baseline testing) with the instructor from the experimental trial which they 

rated. Importantly, our intention was not to undermine participants’ experiences in the no-

support condition, but rather provide a ‘neutral’ condition; however, future researchers could 

consider whether the results observed here may differ if the psychological conditions of 

exercise are shaped, such that some individuals’ basic needs are supported, and others are 

thwarted.  

 

A unique feature of the present study is the consideration of two separate exercise-related 

factors (i.e., exercise format and psychological need-support) and their interactive effects on 

subsequent food intake. We observed an interaction of the format of exercise and need-

support that supported our third hypothesis, such that SIT attenuated total energy intake at 

the laboratory test meal, compared with MICT, among participants provided with need-
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support. This 31% difference in energy intake (580 kJ) may be of clinical significance, given 

the evidence to suggest that an additional energy intake of 125 kJ·day-1 can lead to a small, 

consistent degree of energy balance, resulting in continuous gradual weight gain (Hall et al., 

2011); however, further research is needed to determine whether the difference seen here 

is sustained with repeated bouts of this nature. Closer inspection of the composition of this 

meal revealed that this composition was largely made up of ‘unhealthy’ foods, although this 

interaction did not reach significance. At this stage it is not clear which mechanism/s may be 

contributing to these results, given our aim was to identify whether an interaction may exist 

rather than the processes underpinning this interaction; however, examination of perceived 

need-support, appetite, and appetite-related blood variables revealed no significant 

interactions between exercise format and need-support. On the other hand, the significant 

interaction effect observed between exercise format and need-support may also assist with 

explaining the discrepancies in findings by previous researchers. Specifically, it is noteworthy 

that the attenuation of total energy intake following SIT was only noted in participants 

provided with need-support, which raises the question of whether prior studies, in which 

differences in energy intake resulted following SIT and MICT, also provided psychologically 

need-supportive conditions for participants (albeit not consciously). This certainly highlights 

the necessity to control or measure psychological factors during exercise which may interact 

with format of exercise when assessing their influence on subsequent dietary behaviour. 

 

Whilst the direct assessment of food consumption under laboratory conditions did not extend 

beyond the three-hour period, we are confident that the suppression of energy intake seen 

following SIT with need-support was not compensated for after leaving the laboratory, given 

that self-reported food/drink intake for the remainder of the day was similar between 

conditions. Likewise, the suppression of energy intake was not compensated for by reduced 

physical activity levels, with similar energy expenditure, estimated by accelerometry, 

observed between conditions upon leaving the laboratory. Other strengths of the study 

include the variety of foods provided at the laboratory test meal and snacks from both 

‘healthy’ and ‘unhealthy’ sources, the pair-matching of participants, and the matched 

exercise characteristics (duration, mechanical work, and mean power) which allowed us to 

isolate the effects of exercise format and need-support on subsequent food intake. While the 
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use of a pair-matched, between-subjects design was necessary to investigate the effect of 

need-support (given that it would not have been possible to isolate the psychological 

experiences from one session to another using a within-subjects design), this likely also 

contributed to the difference in baseline hunger and glucose between groups. Additionally, 

the order of the experimental trials was chosen by participants in the support condition in 

order to strengthen the need-support manipulation; however, it is possible that participants 

selected the exercise condition which they perceived to be more or less effortful, which may 

in turn have influenced their perceptions of the second session. Future researchers may wish 

to overcome this potential limitation by randomising the order of the exercise trials.  

 

In summary, we have shown that SIT is associated with reduced subsequent energy intake, 

particularly from ‘unhealthy’ food sources, when individuals’ autonomy, competence, and 

relatedness are supported during exercise, compared with traditionally-recommended 

moderate-intensity exercise. This may have implications for a number of preventable lifestyle 

diseases associated with ‘unhealthy’ and/or excessive eating, such as cardiovascular disease 

and type-2 diabetes (Parillo & Riccardi, 2004). The findings from this work also have 

implications for exercise prescription and instruction, and highlight the importance of 

adopting a multidisciplinary approach, particularly when energy balance is of concern. 
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Chapter 3 

Sprint interval training may attenuate post-exercise energy intake in men and women with 

overweight: a randomised controlled trial 
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3.1 Abstract 

Purpose: An acute bout of sprint interval training (SIT) performed with psychological need-

support incorporating autonomy, competence, and relatedness has been shown to attenuate 

energy intake at the post-exercise meal, but the long-term effects are not known. The aim of 

this study was to investigate the effects of 12 weeks of SIT combined with need-support on 

post-exercise food consumption. Methods: Thirty-six physically inactive participants with 

overweight and obesity (body mass index: 29.6 ± 3.8 kg·m−2; peak oxygen consumption 

(V̇O2peak) 20.8 ± 4.1 mL·kg-1·min-1) completed 3 sessions per week of SIT (alternating cycling 

for 15 s at 170% V̇O2peak and 60 s at 32% V̇O2peak) with need-support or traditional moderate-

intensity continuous training (MICT) without need-support (continuous cycling at 60% 

V̇O2peak). Assessments of appetite, appetite-related hormones, and ad libitum energy intake 

in response to acute exercise, along with aerobic fitness and body composition were 

conducted pre- and post-intervention. Results: Fasting appetite and blood concentrations of 

active ghrelin, leptin, and insulin did not significantly differ between groups or following the 

training. Post-exercise energy intake from snacks decreased significantly from pre- (807±550 

kJ) to post- SIT (422±468 kJ; p < 0.05) but remained unaltered following MICT. Greater 

enjoyment, perceived value, and competence perceptions were observed for the SIT group 

compared with the MICT group (all p < 0.05). Conclusion: Twelve weeks of SIT with 

psychological need-support appears well-tolerated in a physically inactive population with 

overweight and may reduce post-exercise food intake. 

 

Trial registration: Australian New Zealand Clinical Trials Registry (ACTRN12619000951156). 

Prospectively registered.  
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3.2 Introduction 

Regular exercise is important for overall health and well-being and is widely recommended 

for weight loss and maintenance. Specifically, regular exercise may assist with creating a 

negative energy balance through increasing energy expenditure, and/or improving the 

sensitivity of appetite regulation (Martins et al., 2008); however, these responses may vary 

across individuals and conditions (Beaulieu et al., 2018). In particular, the relationship 

between acute exercise and subsequent food/drink consumption appears to be influenced by 

both the format of, and psychological experiences in, exercise (Beer, Dimmock, Jackson, & 

Guelfi, 2020a, 2020b). Whether this translates to differences in appetite and energy intake in 

the long term remains to be determined. 

 

The effect of exercise format on appetite responses has been examined in a number of studies 

with comparisons often made between high-intensity intermittent training (HIIT; 

incorporating target intensities between 80% and 100% peak heart rate or peak oxygen 

consumption (V̇O2peak)) or sprint interval training (SIT; differentiated from HIIT by workloads 

prescribed above 100% of V̇O2peak (Weston et al., 2014)) and traditional moderate-intensity 

continuous training (MICT). Acutely, single bouts of HIIT or SIT have been associated with both 

lower overall post-exercise energy intake (Sim et al., 2014) and lower consumption of 

‘unhealthy’ foods (Beer et al., 2020b; Chapter 2) compared with MICT of matched duration 

(30 min) and total work. Beyond acute exercise, Sim and colleagues (2015) observed a 

tendency for more sensitive appetite regulation (i.e., greater difference in food intake in 

response to a high- or low-energy preload meal) following 12 weeks of SIT but not 

traditionally-recommended MICT, in men with overweight. Alkahtani and colleagues (2014) 

and Panissa and colleagues (2016) noted a decrease in exercise-induced hunger and desire to 

eat, together with a decrease in fat intake, following four and six weeks, respectively, of HIIT 

compared with MICT. However, others have observed similar perceptions of fasting appetite 

(Martins et al., 2017), and three-day self-reported energy intake (Matsuo et al., 2015) 

following programs of HIIT compared with MICT, and a recent meta-analysis of the effect of 

interval training on energy intake revealed no significant differences in energy intake 

following varying interventions of HIIT or SIT and MICT (Taylor et al., 2018). Importantly, all 

but one of the 16 studies included in this analysis relied on self-report measures of food 



73 

intake, such as food diaries or food frequency questionnaires, which may provide erroneous 

and/or biased results (Archer, Marlow, & Lavie, 2018), particularly given that participants in 

many of the included studies were instructed to maintain their habitual food consumption. 

The heterogeneity of energy intake assessment, together with the varied interval training 

protocols studied, suggests that conclusions about the efficacy of interval training protocols 

to influence appetite and food choices may be premature.  

 

With respect to psychological experiences in exercise, researchers have shown that factors 

associated with different forms of exercise motivation may influence subsequent food 

consumption. From the lens of Self-Determination Theory (SDT (Deci & Ryan, 1985)), 

individuals may undertake exercise because they fully endorse the instrumental outcomes of 

the activity (i.e., “identified regulation”), because it is aligned with their values and identity 

(i.e., “integrated regulation”), and/or because they enjoy the process of exercising (i.e., 

“intrinsic motivation”). When primarily citing these reasons for engaging in exercise, 

individuals are considered to possess autonomous motivation. For some individuals, 

however, exercise is undertaken to obtain externally imposed rewards or to avoid externally 

imposed punishments (i.e., “external regulation”), and/or due to internal pressures such as 

to avoid feelings of guilt or anxiety (i.e., “introjected regulation”). When primarily governed 

by external regulation and/or introjected regulation, individuals are considered to possess 

controlled motivation. Conceptual and empirical work indicates that controlled (as opposed 

to autonomous) motivation for exercise may be associated with cognitive and physiological 

factors that increase the desire for hedonically pleasurable and ‘unhealthy’ foods/drinks 

(Dimmock et al., 2015; West et al., 2018). Additionally, it has been suggested that high-quality 

motivation for exercise may have a ‘spill-over’ effect into other health behaviours, such as 

dietary intake (Mata et al., 2011). Indeed, it is possible to promote individuals’ autonomous 

motivation for exercise by providing social conditions that are supportive of three 

psychological needs (Markland & Tobin, 2010). These needs are for autonomy (i.e., the need 

to feel that one’s behaviour is self-regulated), relatedness (i.e., the need to feel that one is 

meaningfully connected with others), and competence (i.e., the need to experience a sense 

of accomplishment when striving for personally relevant and challenging goals). Of relevance, 

providing a key component of autonomy-support—that of choice—during an acute bout of 
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exercise has been shown to attenuate total and unhealthy energy intake following exercise 

(Beer et al., 2017). Research is needed, however, to investigate the full effects of need-

supportive exercise environments on post-exercise eating behaviours.  

 

It is evident that further investigations are required to better understand the effect of both 

exercise format (specifically SIT) and psychological experiences during exercise on subsequent 

energy intake, but little is also known about the potential interaction of these factors beyond 

the acute setting. Such an interaction was recently observed whereby total energy intake at 

a post-exercise test meal was lower following SIT compared with MICT only when exercise 

was delivered with support for individuals’ psychological needs of autonomy, competence, 

and relatedness (Beer et al., 2020b; Chapter 2). Such an interaction of the format of exercise 

and psychological experiences may explain, at least in part, the heterogeneity of eating 

behaviours around exercise, with some exercise protocols attenuating subsequent food 

consumption; but only when administered in such a way that optimises individuals’ 

psychological experiences (e.g., through social conditions that influence psychological 

experiences). Questions remain, however, about the efficacy of prolonged participation in 

these exercise conditions, which combine manipulations to both the format and psychological 

experiences of exercise, to influence energy intake and food choices. As such, the primary 

objective of this trial was to investigate the effects of a 12-week exercise intervention 

incorporating SIT, with the addition of need-support, compared with standard exercise 

guidelines (i.e., MICT without need-support) on post-exercise food consumption. These 

conditions were selected for study to compare the training effects of the SIT protocol that 

resulted in a greatest suppression of food intake seen in our previous research (Beer et al., 

2020b; Chapter 2) with a ‘standard’ exercise situation. Secondary outcomes included fasting 

and post-exercise appetite, and appetite-regulating blood variables. The response of fitness, 

body composition, and self-reported eating behaviour to the training intervention was also 

compared. It was hypothesised that 12 weeks of SIT would result in lower post-exercise food 

consumption relative to MICT and a fasting hormonal milieu associated with attenuated 

energy intake.  
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3.3 Methods 

3.3.1 Participants  

Individuals were eligible for participation if they were aged between 18 and 40 years, 

physically inactive (defined as performing ≤ 75 min of moderate to vigorous physical activity 

per week), and overweight (defined as a BMI of ≥ 25 kg·m-2). Exclusion criteria were a history 

of medical conditions such as diabetes, cardiovascular disease, and/or eating disorders known 

to affect appetite and food intake, a score of ≥ 3.5 on the restraint scale of the Dutch Eating 

Behaviour Questionnaire (van Strien et al., 1986), injury or illness limiting the ability to 

exercise, current medication which would interfere with appetite, dietary restriction (e.g., 

vegan, currently dieting to lose weight, etc.), and pregnancy or planned pregnancy during the 

study. Fifty-nine eligible individuals were recruited into the study and completed the initial 

assessments of fitness, anthropometry, and behavioural characteristics. Of these, 16 

participants were unable to continue in the study due to the timing of institutional closures 

associated with COVID-19, and seven discontinued for personal reasons (n = 6 SIT; n = 7 MICT; 

n = 10 not yet randomised), leaving 36 participants (men = 6; women = 30) who completed 

the study ( 

Figure 3.1). A total sample size of 28 was expected to provide sufficient power (95%) to detect 

significant differences in the primary outcome of post-exercise energy intake (p < 0.05) based 

on previous work (Beer et al., 2020b; Chapter 2) in which a large effect size (d = 0.73) was 

observed for differences in energy intake following an acute bout of SIT with need-support 

and MICT. The study was approved by the Institutional Human Ethics Committee (Appendix 

A) and written consent was obtained from all participants (Appendix C); however, to minimise 

the potential for biased responses, participants were not informed that their food intake was 

being assessed in the study. Instead, they were informed that the aim of the study was to 

investigate the effect of regular exercise training on well-being and markers of stress in the 

body. All participants were debriefed as to the true purpose of the study upon completion. 
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Figure 3.1 CONSORT flow diagram. 
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3.3.2 Study Design  

Using a between-subjects yoked design (see e.g., (Moller, Deci, & Ryan, 2006)), each 

participant was required to attend two testing sessions pre- and post-training and three 

training sessions per week for 12 weeks. The first session included baseline assessments of 

motivational orientations towards exercise, current exercise behaviours, eating habits and 

food preferences, fitness, and anthropometry (see “Visit 1” section for further details). 

Following this session, participants were pair-matched based on based on sex, age (± 5 years), 

V̇O2peak (± 5 mL·kg·min-1), body mass (± 5 kg), height (± 10 cm), and fat mass (± 5 kg). Within 

each pair, one participant was randomly allocated, using a random number generator, to one 

of two conditions: SIT with need-support or MICT without need-support, with the other 

participant yoked to the alternative condition. These conditions were based on the difference 

seen in post-exercise energy intake following an acute bout of exercise in our previous work 

(Beer et al., 2020b). Specifically, SIT with psychological need-support resulted in the lowest 

post-exercise energy intake in Chapter 2; therefore, this condition was compared to exercise 

in line with currently-recommended traditionally-recommended moderate-intensity exercise 

without need-support. The second visit involved the assessment of appetite and energy 

intake in response to a 30-min bout of exercise performed at the same relative intensity and 

format of their prescribed training sessions (see “Visit 2” section for further details). This 

method was chosen (as opposed to other assessments of energy intake, such as the pre-load 

test paradigm), in order to assess responses to both physiological and psychological 

manipulations to an acute bout of exercise pre- and post-intervention. 

 

3.3.3 Exercise Training 

Participants were required to complete three supervised training sessions per week over 12 

weeks. All training was conducted on front-access air-braked cycle ergometers (Model EX-10, 

Repco Cycle, Huntingdale, Victoria, Australia) interfaced with a customised software program 

(Cyclemax, School of Human Sciences, University of Western Australia, WA, Australia). The 

exercise comprised of either: i) SIT, alternating high- and low-intensity efforts performed at a 

ratio of 1:4 (15 s at a power output equivalent to 170% V̇O2peak) with an active recovery period 

(60 s at a power output of 32% V̇O2peak) between efforts, with the addition of psychological 
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need-support or ii) MICT, continuous cycling at 60% V̇O2peak, performed without psychological 

need-support (i.e., standard exercise recommendations). The workload for each participant 

was determined using their individual baseline V̇O2peak results. Need-support was provided to 

participants randomised to the support group through a number of techniques outlined in an 

expert consensus study (Teixeira et al., 2020) and described previously (Beer et al., 2020b; 

Chapter 1, Section 1.4.1). For example, autonomy was supported by providing clear rationales 

and benefits of the exercise, offering choices where possible (e.g., of the music 

accompaniment), inviting questions, and using non-controlling language. Competence was 

supported by offering positive, relevant feedback and encouraging goal-setting. Relatedness 

was supported by offering empathy where appropriate and displaying appreciation and 

concern for participants’ well-being. Autonomy, competence, and relatedness were not 

intentionally supported in the no-support condition; however, to increase the ecological 

validity of the study, no attempts were made to purposely undermine participants’ 

experiences (i.e., participants in the no-support condition received ‘neutral’ exercise 

conditions). These conditions were chosen to compare the training effects of the SIT protocol 

that resulted in a greatest suppression of food intake seen in our previous research (Beer et 

al., 2020b; Chapter 2) with a ‘standard’ exercise situation. 

 

All sessions were performed individually and supervised by a trained exercise instructor. 

Training sessions commenced with a 3-min warm up, which involved cycling at 50 W. To 

accommodate for any increase in fitness throughout the exercise training, the duration of 

training sessions was progressively increased as follows: weeks 1-2 (30 min), weeks 3-4 (35 

min), weeks 5-6 (40 min), weeks 7-8 (45 min), weeks 9-12 (50 min). Training workloads were 

adjusted following a V̇O2peak test performed during week six of the exercise training. The 

prescribed exercise intensities were confirmed by monitoring cycling power output and total 

work during each session. Ratings of perceived exertion (RPE (Borg, 1982)) and HR were 

collected every 10 min during exercise, while perceptions of need-support were assessed via 

a 15-item questionnaire administered upon completing the training intervention (Markland 

& Tobin, 2010). This instrument contained items assessing autonomy- (5 items; e.g., “The 

exercise instructor provided me with choices and options”) structure/competence- (5 items; 
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e.g., “The exercise instructor helped me feel confident about exercise”) and 

involvement/relatedness-support (5 items, e.g., “The exercise instructor cared about me”). 

Responses were scored on a five-point scale ranging from 0 (not true for me) to 4 (very true 

for me). The Intrinsic Motivation Inventory (IMI (Plant & Ryan, 1985)) was also administered 

to assess participants’ perceived enjoyment, choice, competence, and relatedness during the 

exercise training using a seven-point response scale anchored at 1 (not true at all) to 7 (very 

true). 

 

3.3.4 Outcome Measures 

Outcome measures were assessed during two separate testing sessions conducted both pre- 

and post-training. The first visit included assessments of behavioural characteristics, aerobic 

fitness, and body mass and composition. In the second visit, participants completed 30 min 

of standardised exercise and the subsequent responses of appetite, energy intake, and free-

living physical activity were monitored.  

 

3.3.4.a Visit 1: Assessment of Fitness, Body composition, and Behavioural Characteristics 

Approximately two weeks prior to commencing training, each participant attended the 

laboratory for assessment of motivational orientation toward exercise (Behavioural 

Regulation in Exercise Questionnaire-3 (Markland & Tobin, 2004)), compensatory eating 

(Compensatory Eating Motives Questionnaire; CEMQ (Moshier et al., 2016)), and post-

exercise unhealthy snack licensing (Exercise Snacking Licensing Scale (West et al., 2018)). Peak 

oxygen consumption was measured using a continuous graded exercise test on an air-braked 

front-access cycle, as described previously (Beer et al., 2020b; Chapter 2). Body composition 

(specifically fat mass and lean mass) was assessed via dual-energy X-ray absorptiometry 

(Lunar iDXA, GE Healthcare, Madison WI, USA). All assessments were repeated within one 

week of training completion. 
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3.3.4.b Visit 2: Assessment of Appetite, Energy intake, and Free-Living Physical Activity  

Approximately one week prior to and following the exercise training, participants attended 

the laboratory at 0800 h, after an overnight fast, having consumed 300 mL of water upon 

waking. Women were tested in the follicular phase of the menstrual cycle (day 7 ± 3, as 

determined by onset of menstruation) given the effect of menstrual cycle on appetite and 

energy intake (Dye & Blundell, 1997). Free-living food consumption was determined via self-

report food diaries completed on the day before Visit 2 (to ensure prior dietary consistency) 

and for the subsequent 3 days (four days total to determine mean free-living intake). 

Instructions on the use (including a one-day example) and the necessity for accurate and 

detailed recordings of food and/or drink intake immediately after consumption were 

emphasised. The total kilojoules ingested were calculated using a commercially available 

software program (FoodWorks v 4.2.0, Xyris Software, Qld, Australia). Baseline assessments 

were taken (outlined below), after which participants completed 30 min of either MICT 

without need-support or SIT with need-support (as per their allocated training intervention).  

 

Perceived appetite was assessed pre- and post-exercise using a modified visual analogue 

scale. This validated scale took the form of two straight lines (100 mm in length each) 

accompanied by a question anchored with words representing extreme states of hunger or 

fullness (Flint et al., 2000). At the same timepoints, capillary blood was sampled to determine 

fasting and post-exercise concentrations of appetite-related blood variables including 

glucose, lactate, active ghrelin, leptin, and insulin using methods described previously (Beer 

et al., 2020b; Chapter 2). The hormones measured were selected based on their role in the 

episodic (ghrelin) and tonic (insulin and leptin) regulation of appetite (Harrold, Dovey, 

Blundell, & Halford, 2012). The intra-assay coefficient of variation was 10.9% for ghrelin, 

13.7% for leptin, and 10.3% for insulin. 

 

Twenty min post-exercise, participants were provided with access to a laboratory test meal. 

The initial laboratory test meal consisted of products of known and differing macronutrient 

composition, including an assortment of typical breakfast foods and treats such as bread, 
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spreads, cereal, milk, fruit, muffins, and biscuits, which was available for 30 min. Following 

this, and for the remaining 2.5 hours of monitoring, participants had free access to a number 

of typical snack items (e.g., fruit, chocolate, salted chips/crisps). Water was not offered to 

participants during the exercise; however, a standardised bottle of plain drinking water (~ 

1500 mL) was made available during this monitoring period afterwards. To determine energy 

intake, the post-consumption weight was subtracted from the pre-meal weight of each food 

item. The amount of food consumed (grams) was multiplied by the number of kilojoules 

within the product, as specified by the manufacturer’s nutrition label, or by FoodWorks 

software package where nutrition labels were not available. In order to classify foods as 

‘healthy’ and ‘unhealthy’, participants rated all the food provided on a scale anchored at 1 

(very unhealthy) to 7 (very healthy). Foods that scored on average below the midpoint of the 

scale (i.e., 3.5) were classified as ‘unhealthy’ (confectionary, muffins, chocolate biscuits, and 

Coco Pops breakfast cereal; 1.8 ± 0.2) and vice versa for ‘healthy’ foods (fruits, low-fat milk, 

Sanitarium Weetbix breakfast cereal, wholemeal bread, and low-fat spreads; 4.6 ± 0.5). These 

participant-derived classifications were verified by ratings obtained from an independent 

dietitian who was blind to the study purpose (i.e., the same foods were classified as ‘healthy’ 

and ‘unhealthy’). 

 

Free-living physical activity was assessed using an accelerometer (GT3X+ Activity Monitor, 

ActiGraph, Florida, USA) worn on the right hip for four days starting the day of Visit 2 pre- and 

post-training. Data were recorded in 60 s epochs. Energy expenditure was determined using 

the ActiLife software (version 6.9.3, 2014, Florida, USA).  

 

3.3.5 Statistical Analyses  

Analyses were conducted using SPSS version 25 software package for Windows, with 

statistical significance being accepted at an alpha level of p < 0.05. To assess whether the 

background characteristics of participants randomised to the two groups differed prior to the 

exercise training, univariate analysis of variance (ANOVA) was conducted to compare age, 

body mass, height, BMI, V̇O2peak, fat mass, lean mass, and baseline activity levels. One-way 
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repeated measures (pre- to post-training) ANOVA were applied to determine differences in 

mean HR, RPE, and psychological perceptions of the exercise training. Two-way (condition x 

time) ANOVA were applied to determine the effects of the exercise training on fitness, body 

composition, and free-living energy expenditure (as measured by accelerometry). The effect 

of the exercise training on exercise motivation, compensatory eating, snacking licensing, free-

living food intake, fasting appetite, and fasting appetite-related hormones were assessed 

using two-way (condition x time) ANOVA. Insulin sensitivity was calculated using the 

homeostatic model assessment (HOMA-IR) index (based on fasting blood glucose and insulin 

concentrations) (Wallace, Levy, & Matthews, 2004). The effect of the exercise training on the 

responses of energy intake, perceived appetite, and appetite-related hormones, to an acute 

bout of exercise, were measured using one-way repeated measures (pre- to post-exercise 

training) ANOVA. Cohen’s d effect sizes (d) were calculated for pairwise comparisons of 

energy intake. 

 

3.4 Results 

3.4.1 Exercise Training 

Training attendance was similar between groups, t(34) = 0.000, p = 1.000, with 35 ± 2 sessions 

completed in SIT and 35 ± 1 sessions in MICT of a total possible 36 sessions. A total of 1266 

individual training sessions were completed, equating to a total of approximately 900 hours 

across the 36 participants who completed the study. Mean HR, F(1, 34) = 0.074, p = 0.787, η2
p 

= 0.002, RPE, F(1, 34) = 0.0036, p = 0.850, η2
p = 0.001, power, F(1, 34) = 0.102, p = 0.752, η2

p = 

0.003, and mechanical work, F(1, 34) = 0.001, p = 0.972, η2
p = 0.000, were not significantly 

different between groups (Table 3.1). Perceived autonomy-support, F(1, 33) = 15.651, p < 

0.001, η2
p = 0.322, and structure (competence-support), F(1, 33) = 4.245, p = 0.047, η2

p = 

0.114, were higher in the SIT group compared with MICT, whereas involvement (relatedness-

support) was not significantly different between groups, F(1, 33) = 0.620, p = 0.437, η2
p = 0.018 

(Table 3.1). Perceived enjoyment, F(1, 34) = 11.523, p = 0.002, η2
p = 0.253, value, F(1, 34) = 

8.143, p = 0.007, η2
p = 0.193, and competence, F(1, 34) = 14.698, p = 0.001, η2

p = 0.302, were 

higher in the SIT group, whereas choice, F(1, 34) = 0.007, p = 0.932, η2
p = 0.000, and 
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relatedness, F(1, 34) = 3.726, p = 0.062, η2
p = 0.099, did not significantly differ between groups 

(Table 3.1).
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Table 3.1 Training session characteristics (physiological responses and psychological 

perceptions) of the 12-week SIT and MICT interventions (mean ± SD). 

 MICT (n = 18) SIT (n = 18) 

Mechanical work (kJ) 244 ± 108 243 ± 92 

Mean power (W) 88 ± 24 85 ± 24 

Heart rate (bpm) 125 ± 9 124 ± 10 

RPE 12 ± 2 12 ± 1 

Need-support   

Autonomy  2.6 ± 0.9 3.6 ± 0.6† 

Structure (competence)  3.3 ± 0.7 3.7 ± 0.5† 

Involvement (relatedness) 3.6 ± 0.4 3.7 ± 0.4 

Need-satisfaction   

Enjoyment  4.5 ± 1.5 5.9 ± 1.0† 

Value 5.8 ± 1.2 6.7 ± 0.4† 

Competence  4.9 ± 1.1 6.1 ± 0.8† 

Choice  6.0 ± 1.0 6.0 ± 0.7 

Relatedness 5.6 ± 0.8 6.3 ± 0.8 

Note. MICT, moderate-intensity continuous training without need-support; SIT, Sprint interval 

training with need-support; RPE, Rating of Perceived Exertion. †Significant difference from 

MICT (p < 0.05). 
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3.4.2 Fitness, Body composition, and Behavioural Characteristics 

Participants’ physical characteristics were well-matched at baseline between groups, with no 

significant differences observed in age, F(1, 34) = 1.130, p = 0.295, η2
p = 0.032, height, F(1, 34) 

= 0.085, p = 0.733, η2
p = 0.002, body mass, F(1, 34) = 0.004, p = 0.950, η2

p = 0.000, lean mass, 

F(1, 34) = 0.035, p = 0.854, η2
p = 0.001, fat mass, F(1, 34) = 0.246, p = 0.623, η2

p = 0.007, V̇O2peak, 

F(1, 34) = 0.328, p = 0.570, η2
p = 0.010, or baseline physical activity levels, F(1, 34) = 0.487, p 

= 0.490, η2
p = 0.014 (Table 3.2).  



86 

Table 3.2 Descriptive characteristics of participants pre- and post- 12 weeks of SIT or MICT 

(mean ± SD). 

Note. MICT, moderate-intensity continuous training without need-support; SIT, Sprint interval 

training with need-support; BMI, body mass index. †Significant difference from pre-training 

(p < 0.05).‡Significant difference from MICT (p < 0.05).

Characteristic 

Time 

point MICT (n = 18) SIT (n = 18) 

Age (yr) Pre 26.7 ± 7.0 29.2 ± 7.1 

Height (cm) Pre 168.8 ± 8.3 167.9 ± 10.0 

Body mass (kg) 
Pre 

Post† 

84.47 ± 15.14 

86.00 ± 15.93 

84.16 ± 14.69 

84.88 ± 15.35 

Fat mass (kg) 
Pre 

Post† 

34.06 ± 9.26 

35.22 ± 10.07 

35.53 ± 8.52 

35.65 ± 8.37 

Lean mass (kg) 
Pre 

Post† 

45.82 ± 9.97 

46.86 ± 9.86 

45.21 ± 9.56 

46.45 ± 10.44 

V̇O2peak (mL·kg·min-1) 
Pre 

Post† 

21.18 ± 4.75 

24.47 ± 6.25 

20.58 ± 3.56 

23.00 ± 3.86 

Mean daily energy expenditure (kJ) 
Pre 

Post 

1569 ± 759 

1196 ± 577 

1697 ± 912 

1619 ± 671 

Motivation for exercise    

Amotivation 
Pre 

Post 

0.48 ± 0.65 

0.31 ± 0.56 

0.44 ± 0.55 

0.25 ± 0.33 

External regulation 
Pre 

Post 

1.25 ± 0.83 

1.25 ± 0.92 

1.25 ± 0.99 

1.18 ± 1.10 

Introjected regulation 
Pre 

Post 

2.56 ± 0.71 

2.29 ± 0.96 

2.74 ± 0.89 

2.31 ± 1.09 

Identified regulation 
Pre 

Post† 

2.50 ± 0.51 

2.61 ± 0.72 

2.61 ± 0.61 

2.98 ± 0.62 

Integrated regulation 
Pre 

Post 

1.33 ± 0.64 

1.41 ± 0.88 

1.57 ± 0.70 

1.92 ± 0.89 

Intrinsic motivation 
Pre 

Post† 

2.13 ± 0.81 

2.15 ± 0.96 

2.10 ± 0.91 

2.74 ± 1.07‡ 
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Body mass, F(1, 34) = 8.644, p = 0.006, fat mass, F(1, 34) = 4.476, p = 0.042, η2
p = 0.116, and 

lean mass, F(1, 34) = 10.257, p = 0.003, η2
p = 0.232, significantly increased from pre- to post-

intervention; however, there were no differences between groups with no significant 

condition-by-interactions observed (p > 0.05). A significant main effect of time revealed an 

increase in V̇O2peak, F(1, 30) = 5.463, p = 0.026, η2
p = 0.154; however, again, the condition-by-

time effect was non-significant, F(1, 30) = 0.129, p = 0.722, η2
p = 0.004. Mean energy expended 

through physical activity outside of the exercise training, as measured by accelerometry over 

four days, did not differ pre- and post-intervention, F(1, 24) = 1.570, p = 0.222, η2
p = 0.061, or 

between groups (no significant exercise training-by-time interaction), F(1, 24) = 0.668, p = 

0.422, η2
p = 0.027.  

 

Participants’ self-reported motivation for exercise pre- and post-training is shown in Table 

3.2. There was no effect of the time or condition-by-time interaction for amotivation, external 

regulation, introjected regulation, and integrated regulation (all p > 0.05). However, there 

was a significant effect of time on identified regulation, F(1, 33) = 7.229, p = 0.011, η2
p = 0.180, 

with an increase from pre- to post-training, but no difference between groups (non-significant 

condition-by-time interaction), F(1, 33) = 0.205, p = 0.654, η2
p = 0.006. Intrinsic motivation 

also significantly increased from pre- to post-training, F(1, 33) = 7.680, p = 0.009, η2
p = 0.189, 

with the exercise condition-by-time interaction revealing greater increases in intrinsic 

motivation scores following SIT compared with MICT, F(1, 33) = 6.791, p = 0.014, η2
p = 0.171. 

 

3.4.3 Eating Behaviours, Fasting Appetite, and Fasting Appetite-Related Hormones 

Self-reported compensatory eating and dietary restraint did not differ following the exercise 

training or between groups (all p > 0.05; Table 3.3). There was a trend for lower licensing post-

training, F(1, 33) = 3.648, p = 0.065, η2
p = 0.100, d = 0.43; however, the exercise condition-by-

time effect was non-significant, F(1, 33) = 0.000, p = 0.984, η2
p = 0.000. Mean daily free-living 

energy intake did not significantly differ following the exercise training, F(1, 22) = 0.121, p = 

0.731, η2
p = 0.005, or between groups, F(1, 22) = 1.000, p = 0.328, η2

p = 0.043.
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Table 3.3 Self-reported eating behaviours before and after 12 weeks of SIT or MICT (mean ± 

SD). 

 Time point MICT (n = 18) SIT (n = 18) 

Dietary restraint 
Pre 

Post 

2.84 ± 0.58 

2.79 ± 0.58 

3.06 ± 0.81 

2.83 ± 0.75 

CEMQ 
Pre 

Post 

2.21 ± 0.31 

2.29 ± 0.31 

2.39 ± 0.42 

2.37 ± 0.50 

ESLS 
Pre 

Post 

2.65 ± 0.90 

2.34 ± 0.90 

2.79 ± 1.20 

2.47 ± 1.19 

Mean daily energy intake (kJ) 
Pre 

Post 

6727 ± 1669 

7167 ± 3724 

6967 ± 1362 

6059 ± 1410 

Note. MICT, moderate-intensity continuous training without need-support; SIT, Sprint interval 

training with need-support; CEMQ, Compensatory Eating Motives Questionnaire; ESLS, 

Exercise Snacking Licensing Scale. No significant differences were observed between groups 

or over time.  
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Appetite-related blood variables are shown in Table 3.4. There was no main effect of time, or 

condition-by-time interaction for fasting concentrations of glucose, lactate, ghrelin, leptin, 

insulin, or insulin sensitivity (all p > 0.05). Likewise, there was no effect time or condition-by-

time interaction for fasting hunger or fullness (all p > 0.05).
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Table 3.4 Perceived appetite and concentrations of appetite-related blood variables in the 

fasting state (pre) and in response to 30 min of SIT and MICT exercise (post) performed before 

and after 12 weeks of SIT or MICT [(mean ± SD) or median (IQR)]. 

 

Time point 

(pre- vs 

post-

exercise) 

MICT (n = 18) SIT (n = 18) 

Hunger pre-intervention (mm) 
Pre 

Post 

36 ± 22 

47 ± 22 

36 ± 19 

58 ± 16‡ 

Hunger post-intervention (mm) 
Pre 

Post 

50 ± 22 

49 ± 22 

34 ± 29 

55 ± 21‡ 

Fullness pre-intervention (mm) 
Pre 

Post 

29 ± 20 

25 ± 18 

27 ± 21 

35 ± 23 

Fullness post-intervention (mm) 
Pre 

Post 

29 ± 22 

26 + 20 

30 ± 25 

25 ± 20 

Blood lactate pre-intervention(mM) 
Pre 

Post 

1.4 ± 0.6 

2.0 ± 1.1‡ 

1.2 ± 0.3 

3.4 ± 1.9‡ 

Blood lactate post-intervention 

(mM)  

Pre 

Post 

1.4 ± 0.6 

2.2 ± 1.1‡ 

1.2 ± 0.2 

2.6 ± 1.4‡ 

Blood glucose pre- intervention 

(mM)  

Pre 

Post 

4.0 ± 0.5 

3.9 ± 0.5 

4.4 ± 0.6 

4.2 ± 0.7 

Blood glucose post- intervention 

(mM)  

Pre 

Post 

3.9 ± 0.6 

3.8 ± 0.7 

4.1 ± 0.8† 

3.7 ± 0.4† 

Active ghrelin pre- intervention 

(pg·mL-1) 

Pre 

Post 

162 (112-206) 

131 (71-183) 

82 (28-116) 

44 (17-62) 

Active ghrelin post- intervention 

(pg·mL-1)  

Pre 

Post 

147 (79-203) 

138 (91-186) 

66 (39-98) 

49 (23-70) 

Insulin pre- intervention (pg·mL-1)  
Pre 

Post 

732 (549-956) 

623 (537-924) 

717 (567-947) 

887 (835-1630) 

Insulin post- intervention (pg·mL-1) 
Pre 

Post 

615 (453-888) 

649 (510-943) 

894 (453-1377) 

903 (755-1430) 

Leptin pre- intervention (pg·mL-1) 
Pre 

Post 

11326  

(5108-17154) 

8409  

(4730-13826) 

12513  

(8734-14100) 

10282  

(7761-15223)‡ 

Leptin post- intervention (pg·mL-1) 
Pre 

Post 

11274  

(7741-14332) 

9458  

(5675-14491) 

10866  

(8310-13841) 

9493  

(7490-11303)‡ 
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Note. MICT, moderate-intensity continuous training without need-support; SIT, Sprint interval 

training with need-support; †Significant difference from pre-training (p < 0.05). ‡Significant 

difference from pre-exercise (p < 0.05). 



92 

3.4.4 Appetite, Energy Intake, and Appetite-Related Hormones in Response to an Acute Bout 

of Exercise 

For self-reported hunger and fullness, there were no significant effects of acute exercise, or 

time-by-acute exercise interactions in the MICT group (all p > 0.05). However, the was a 

significant effect of acute exercise in the SIT group such that hunger increased from pre- to 

post-exercise, F(1, 16) = 31.922, p < 0.001, η2
p = 0.666 (Table 3.4). 

 

Concentrations of appetite-related blood variables in response to exercise are presented in 

Table 3.4. There was no effect of time or time-by-acute exercise interaction for glucose, 

lactate, active ghrelin, leptin, or insulin in the MICT group (all p > 0.05); however, a significant 

effect of the acute exercise indicated an increase in lactate from pre- to post- exercise, F(1, 

17) = 12.583, p = 0.002, η2
p = 0.425. With respect to SIT, there was a significant effect of time 

such that glucose concentrations were lower post-intervention, F(1, 13) = 6.031, p = 0.029, 

η2
p = 0.317, and a significant effect of acute exercise, F(1, 13) = 43.515, p < 0.001, η2

p = 0.770, 

such that concentrations of lactate were higher post-exercise. There was also a significant 

effect of acute exercise on leptin, with lower concentrations observed following the acute 

bout of SIT, F(1, 7) = 5.735, p = 0.048, η2
p = 0.450. There were no other significant effects 

observed in the SIT group (all p > 0.05). 

 

Energy intake on the day before Visit 2 pre- and post-training was well matched, such that no 

significant effects of the intervention were observed in MICT, F(1, 11) = 0.986, p = 0.342, η2
p 

= 0.082, or SIT, F(1, 14) = 0.169, p = 0.688, η2
p = 0.169. Energy intake from the laboratory test 

meal pre- and post-training is shown in Table 3.5. Total, F(1, 17) = 0.468, p = 0.503, η2
p = 0.027, 

d = 0.23 ‘healthy’, F(1, 17) = 0.111, p = 0.744, η2
p = 0.006, d = 0.10, and ‘unhealthy’, F(1, 17) = 

0.604, p = 0.448, η2
p = 0.034, d = 0.24, energy intake in the initial 30 min following acute 

exercise did not differ as a result of the MICT intervention. Likewise, there were no significant 

differences following SIT in total, F(1, 17) = 0.412, p = 0.529, η2
p = 0.0024, d = 0.26, ‘healthy’, 

F(1, 17) = 0.295, p = 0.594, η2
p = 0.017, d = 0.20, or ‘unhealthy, F(1, 17) = 0.110, p = 0.744, η2

p 

= 0.006, d = 0.12, energy intake. 
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Analysis of the total energy intake from snacks (i.e., for the remaining 2.5 h after the initial 

laboratory test meal) revealed no significant differences in total, F(1, 17) = 0.588, p = 0.454, 

η2
p = 0.033, d = 0.14, ‘healthy’, F(1, 17) = 1.249, p = 0.279, η2

p = 0.068, d = 0.42, or ‘unhealthy’, 

F(1, 17) = 2.080, p = 0.167, η2
p = 0.109, d = 0.24, intake from snacks following MICT. A 

significant decrease in total, F(1, 17) = 5.612, p = 0.030, η2
p = 0.248, d = 1.07, and ‘unhealthy’, 

F(1, 17) = 8.269, p = 0.010, η2
p = 0.327, d = 1.28, energy intake was observed following SIT, 

while ‘healthy’ intake did not significantly differ, F(1, 17) = 0.964, p = 0.340, η2
p = 0.054, d = 

0.30 (Table 3.5).  
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Table 3.5 Energy intake from a laboratory test meal (initial 30 min) and from snacks 

(subsequent 2.5 h) following 30 min of SIT or MICT performed pre- and post- 12 weeks of 

training. 

Note. MICT, moderate-intensity continuous training without need-support; SIT, Sprint interval 

training with need-support; †Significant difference from pre-training (p < 0.05). 

Variable 

Time point 

(Pre- vs post-

training) 

MICT (n = 18) SIT (n = 18) 

Total energy intake from initial test meal 

(kJ) 

Pre 

Post 

1742 ± 997 

1944 ± 1481 

1922 ± 775 

2074 ± 854 

‘Healthy’ energy intake from initial test 

meal (kJ) 

Pre 

Post 

1127 ± 745 

1185 ± 841 

979 ± 629 

1065 ± 585 

‘Unhealthy’ energy intake from initial test 

meal (kJ) 

Pre 

Post 

615 ± 776 

753 ± 885 

928 ± 660 

990 ± 766 

Total energy intake from snacks (kJ) 
Pre 

Post 

376 ± 565 

444 ± 824 

807 ± 550 

422 ± 468† 

‘Healthy’ energy intake from snacks (kJ) 
Pre 

Post 

110 ± 183 

61 ± 141 

77 ± 177 

116 ± 181 

‘Unhealthy’ energy intake from snacks (kJ) 
Pre 

Post 

261 ± 582 

383 ± 841 

730 ± 533 

307 ± 393† 
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3.5 Discussion 

The primary aim of this study was to compare the effects of 12 weeks of SIT with psychological 

need-support against more traditionally-prescribed MICT (without need-support) on post-

exercise energy intake. In immediate response to an acute bout of exercise (i.e., first 30 min), 

we observed that energy intake was not altered by 12 weeks of either SIT or MICT; however, 

total and ‘unhealthy’ energy intake from snacks in the subsequent 2.5 h following exercise 

was lower after 12 weeks of SIT, while unchanged in MICT. This attenuated food intake was 

associated with greater perceived enjoyment, value, and perceived competence of the SIT 

compared with the MICT intervention. With respect to the secondary objectives of this study, 

we observed no significant differences in fasting appetite or concentrations of appetite-

related blood variables between groups.  

 

This is the first investigation to consider the effects of exercise format, coupled with 

manipulations to the psychological conditions in which exercise is performed, on appetite 

responses following a multi-week exercise training intervention. Although that energy intake 

at the immediate post-exercise meal (first 30 min) was not altered as a result of the exercise 

training, we observed that total—and specifically ‘unhealthy’—energy intake from snacks was 

lower following 12 weeks of SIT, but not MICT. While total and ‘unhealthy’ snack intake was 

higher following the acute bout of SIT compared with MICT at baseline, the aim of this study 

was not to compare these specific outcomes between groups as the acute exercise stimulus 

was not equal. More important to note is that the compensatory eating response to exercise 

decreased following 12 weeks of SIT, whereas post-exercise food consumption remained 

unchanged following 12 weeks of MICT. This attenuation in post-exercise food intake 

following SIT indicates a more appropriate energy compensation following exercise and is 

consistent with previous work in which a tendency for improved appetite regulation was 

observed following 12 weeks of SIT in physically inactive men with overweight (Sim et al., 

2015). Contrary to our findings, however, Miguet et al. (2020) reported that 24-hour energy 

intake, assessed via buffet-style laboratory test meals, increased in a similar manner following 

16 weeks of HIIT and MICT in adolescents with obesity, with no differences observed between 

groups. The differences in findings in the study by Miguet and colleagues (2020) and our work, 

together with the data from Sim et al. (2015), may be attributed to the population studied 
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(i.e., predominantly women in our study as opposed to the men in the study by Sim et al. and 

adolescents in the study by Miguet et al.) or the specific training protocol employed. 

Specifically, we utilised the same SIT protocol as Sim et al. which consisted of three cycling 

sessions per week, whereas the HIIT protocol in the study by Miguet et al. (2020) comprised 

of alternating cycling at 30 s of cycling at 75-90% V̇O2peak and free pedalling followed by 

strength training twice per week. It is possible that the greater energy expenditure associated 

with a longer duration (i.e., 30-50 min) of aerobic exercise in our study relative to the 15 min 

of HIIT completed in the study by Miguet et al. (2020) may exert a greater anorexigenic (i.e., 

suppressive) effect on appetite and subsequent energy intake due to the hormonal milieu 

associated with aerobic relative to resistance exercise (Broom et al., 2009) and/or adults and 

adolescents have different physiological responses to these forms of training. Importantly, 

our findings highlight the need for extended monitoring of food consumption (i.e., hours and 

days) as differences may only be evident beyond the immediate post-exercise meal.  

 

With respect to perceived appetite and appetite-related blood variables, we observed no 

significant changes in fasting (pre-exercise) hunger or fullness in either group as a result of 

the training. This was not surprising given the lack of any significant changes in fasting active 

ghrelin, leptin, and insulin pre- to post-intervention. These findings are in line with those by 

Taylor et al. (2020) who observed no significant changes in fasting concentrations of ghrelin 

and leptin following four weeks of HIIT (4 x 4 min exercise performed at 85-95% peak HR) or 

MICT (34 min of exercise performed at 65-75% peak HR) in cardiac rehabilitation patients. 

However, the absence of any changes to these appetite-related hormones contradicts 

previous work in which lower fasting insulin, insulin sensitivity, and leptin were observed in 

physically inactive men with overweight who completed the same 12-week SIT protocol as 

we employed in our study (albeit without the addition of psychological need-support) (Sim et 

al., 2015). The discrepancies in fasting leptin responses in our study and the study by Sim and 

colleagues may be explained by the notable (although not statistically significant) fat loss 

observed following SIT in the aforementioned study, given that exercise-induced weight loss 

is associated with attenuated leptin secretion (Kraemer et al., 2002) whereas participants in 

the current study gained fat mass in both exercise conditions, albeit a small amount. This may 

also explain the lack of improvement in fasting insulin and insulin sensitivity that we observed, 
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despite the lower concentrations of fasting blood glucose seen following SIT (significant main 

effect of training. With respect to the acute bout of exercise performed pre- and post-training, 

we noted a significant increase in perceived hunger following the acute bout of SIT, which 

was associated with a significant decrease in circulating leptin following the acute exercise, 

independent of whether the exercise was performed pre- or post-training (i.e., the response 

was not altered by training). The lower concentrations of leptin following the acute bout of 

SIT was not expected given that leptin concentrations are not typically altered by an acute 

bout of exercise (Bouassida et al., 2010).  

 

Interestingly, an increase in total, lean, and fat mass was observed in both groups as a result 

of the exercise training. While the mechanism for this is not initially clear, it is possible that 

the volume of exercise (i.e., up to 150 min per week) and associated energy expenditure may 

not have been enough to stimulate weight loss relative to potential compensatory responses 

which may have occurred, particularly given that this volume of exercise does not meet the 

ACSM guidelines for weight loss (Donnelly et al., 2009). In a recent investigation comparing 

the effects of weekly exercise dose on energy compensation, Flack and colleagues (2020) 

observed a similar increase in energy intake following their two 12-week exercise 

interventions expending 2754 kcal and 1491 kcal per week. Therefore, it is possible that the 

energy expenditure of the exercise training performed in this study was not great enough to 

counteract the potential upregulation of appetite, and in turn, stimulate weight loss. It is 

important to note, however, that self-reported compensatory eating was not altered as a 

result of the exercise training, indicating that any potential change to eating behaviours may 

have been non-conscious. Nonetheless, we observed an increase in aerobic fitness in our 

participants as a result of both SIT and MICT which has important benefits for health, 

irrespective of weight loss (Blair, 2009). 

 

Examination of participants’ psychological perceptions of the exercise training revealed that 

perceived autonomy and structure (competence) support were higher in SIT compared with 

MICT, as were perceptions of enjoyment, value, and competence. In line with these 

perceptions, we observed the formation of the most autonomous form of motivation among 

these participants with an increase in intrinsic motivation (i.e., enjoyment of exercise) 
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following both interventions, with a greater increase observed in the SIT group. We also noted 

an increase in identified regulation (i.e., valuing the benefits of exercise) following both 

training interventions indicating that participation in these exercise programs, regardless of 

the format or psychological conditions, may have facilitated a more desirable profile of 

motivation toward exercise. The lack of significant difference in perceived involvement 

(relatedness-support) or relatedness satisfaction was surprising; however, this is in line with 

recent meta-analytic evidence which has shown that interventions which aimed to shape 

psychological need-support were successful in increasing perceptions of overall need 

satisfaction, but not individually for relatedness satisfaction (Ntoumanis et al., 2021). 

Regardless, the experiences and formation of more autonomous motivation may contribute 

to the decrease in total and particularly ‘unhealthy’ post-exercise snack consumption 

observed after the SIT intervention given our previous observations of attenuated total and 

unhealthy intake following an acute bout of exercise provided under autonomy-supportive 

conditions (Beer et al., 2017). Although this study is the first to directly assess the influence 

of psychological need-support in a multi-week exercise intervention on appetitive responses, 

researchers have proposed possible ‘spill over’ effects in self-regulation, whereby increased 

autonomous exercise motivation may lead to improvements in eating self-regulation during 

weight control in women (Mata et al., 2011). In their study, Mata and colleagues (2011) 

invited women with overweight and obesity to participate in a 12-month exercise 

intervention which focused on promoting physical activity and internal (more autonomous) 

motivation for weight loss. These authors reported that the relationship between self-

reported physical activity and healthy eating regulation was mediated by general self-

determination, autonomous treatment motivation, and intrinsic exercise motivation. While 

we did not observe a significant difference in self-reported compensatory eating following 

the exercise training, we did note a trend for lower exercise snacking licensing (as assessed 

by the ESLS) post-training across the two groups. The consistency between groups was 

surprising given that previous work has shown that individuals driven by more autonomous 

(relative to controlled) motivation may experience lower compensatory licensing beliefs 

(West et al., 2018). How these results related to the reduced snack intake following SIT is 

unclear at this stage. 
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A strength of this study is the focus on men and women with overweight, as the effect of 

exercise training on appetite regulation may be of most relevance to this population. We 

purposefully recruited both men and women given that prior research investigating the effect 

of exercise interventions has predominantly focused on men. However, we did not 

statistically power the study to investigate sex-specific responses to the exercise as this was 

not a primary aim of this work. Importantly, the yoked study design allowed us to standardise 

the characteristics of participants in the two groups at baseline, together with the power, 

mechanical work performed, and duration of exercise sessions such that all participants were 

completing 150 min of exercise per week in accordance with international minimum exercise 

guidelines towards the end of the intervention period. While the exercise conditions in this 

study were chosen due to the differences in energy intake seen following an acute bout of SIT 

with need-support relative to MICT without support (Beer et al., 2020b; Chapter 2), it is 

important to note that the effects of format and need-support cannot be isolated. That is, we 

cannot deduce whether the attenuated total and ‘unhealthy’ consumption of snacks 

following SIT was a direct result of the psychological need-support provided during exercise 

or the specific format of the exercise itself. Nonetheless, this study highlights the importance 

of considering the interaction of the psychological experiences and physiological demands of 

exercise, particularly given the concern over the prescription of HIIT protocols in sedentary 

populations (Decker & Ekkekakis, 2017). The greater enjoyment reported by participants who 

completed SIT compared with MICT, together with the high attendance rate and similar RPE 

of the two exercise interventions, suggests that HIIT or SIT protocols may provide a suitable 

alternative to traditionally-recommended moderate-intensity exercise in this population.  

 

In summary, we have shown that 12 weeks of SIT with need-support resulted in significantly 

lower energy intake from ‘unhealthy’ snacks (compared with baseline) following an acute 

bout of exercise. The mechanisms behind this effect are unclear but may be associated with 

the increased perceptions of enjoyment, perceived value, and competence connected with 

this form of exercise. Together with previous evidence suggesting that an acute bout of SIT is 

well-tolerated and enjoyed by physically inactive individuals (Beer et al., 2020b; Chapter 2), 

findings from this work have important implications for current exercise prescription 
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guidelines. Such considerations are particularly relevant to the format and psychological 

conditions of exercise, particularly in individuals where dietary intake is of concern.  
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Chapter 4 

General Discussion 
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4.1 Overview 

The benefits of regular exercise for a variety of health outcomes are well-established 

(Warburton et al., 2006). Such benefits include the maintenance of a healthy weight (Stiegler 

& Cunliffe, 2006), the prevention of non-communicable chronic diseases such as type-2 

diabetes and cardiovascular disease (Bassuk & Manson, 2005), and enhanced psychological 

well-being and overall quality of life (Scully et al., 1998). There is also increasing evidence that 

exercise may alter individuals’ subsequent food consumption (Blundell, Stubbs, Hughes, 

Whybrow, & King, 2003; King, Hopkins, Caudwell, Stubbs, & Blundell, 2009; Sim et al., 2015; 

Stensel, 2010); however, many questions remain unanswered concerning the optimal 

characteristics of exercise to attenuate excessive or unhealthy post-exercise food intake.  

 

Previous research has shown that the influence of exercise on subsequent food consumption 

appears to be influenced by both the format of exercise, as well as the psychological 

experience of exercise (Beer et al., 2017; Blundell, Gibbons, Caudwell, Finlayson, & Hopkins, 

2015; Sim et al., 2014). In relation to exercise format, researchers have shown that certain 

types of high-intensity intermittent exercise—relative to traditional moderate-intensity 

continuous exercise—acutely suppresses appetite and energy intake in the post-exercise 

period (Sim et al., 2014). As for the psychological experience of exercise, the social conditions 

in which exercise is performed have been shown to alter subsequent food consumption 

during recovery, such that individuals provided with choice in relation to various aspects of 

an exercise session consumed less high-fat, high-sugar (i.e., ‘unhealthy’) foods after exercise 

relative to those in a no-choice, yoked condition (Beer et al., 2017). These findings suggest 

that current exercise guidelines, which recommend that individuals accumulate at least 150 

minutes of moderate- or 75 minutes of vigorous-intensity physical activity per week, may be 

better refined to ensure optimal outcomes for the individual in relation to both the benefits 

to be gained from the exercise itself, as well as those associated with dietary behaviour 

following exercise. At this stage, however, no work has been undertaken to explore possible 

interactions between the format and social conditions of exercise on subsequent appetite 

and food choices. Furthermore, the majority of studies in this area have examined a one-off 

acute bout of exercise, leaving unanswered questions about the influence of long-term 

adoption of these exercise conditions on post-exercise dietary behaviour. 
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Therefore, this thesis aimed to: 

i) Examine the independent and interactive effects of the format of an acute bout of 

exercise (i.e., sprint interval exercise relative to moderate-intensity continuous 

exercise) and psychological need-support (through the provision of support for 

autonomy, competence, and relatedness) on energy intake and food choices during 

the hours following an exercise session. 

ii) Investigate the effects of a 12-week exercise intervention incorporating sprint interval 

training, with the addition of need-support, compared with standard exercise 

guidelines (i.e., traditional moderate-intensity continuous training without need-

support) on food consumption, appetite, and appetite-regulating blood variables. 

 

4.2 Key Findings 

In summary, the research presented in this thesis has shown that: 

- A 30 min bout of sprint interval exercise (alternating between 15 s at 170% V̇O2peak 

and 60 s at 32% V̇O2peak) attenuated ad libitum energy intake at the post-exercise meal, 

compared with moderate-intensity continuous exercise, when both exercise formats 

were provided under psychologically need-supportive conditions. 

- The suppression of overall food intake observed may be related, at least in part, to 

lower concentrations of active ghrelin and higher concentrations of lactate post sprint 

interval exercise.  

- An acute bout of sprint interval exercise reduced ‘unhealthy’ food consumption at the 

post-exercise meal compared with moderate-intensity continuous exercise, 

independent of need-support.  

- An acute bout of sprint interval exercise was perceived as more enjoyable by physically 

inactive men and women, despite greater perceived exertion and concentrations of 

blood lactate. 

- Perceived autonomy-support, structure, enjoyment, and competence was higher in 

physically inactive individuals with overweight performing 12 weeks of sprint interval 
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training with psychological need-support compared with current exercise guidelines 

(i.e., moderate-intensity continuous exercise without need-support).  

- Sprint interval training and moderate-intensity continuous training similarly improved 

aerobic fitness and lead to similar increases in body mass (specifically lean and fat 

mass) following 12 weeks of regular participation (i.e., 3 times per week).  

- Twelve weeks of sprint interval exercise performed in psychologically need-supportive 

conditions attenuated total intake and specifically the consumption of unhealthy 

snack foods in the hours that follow exercise, despite not influencing energy intake in 

the immediate (i.e., first 30 min) post-exercise period. 

 

4.3 Implications 

The findings from this thesis have demonstrated that both the physiological demands 

associated with the format of exercise (i.e., intermittent vs continuous) and the psychological 

experiences during exercise may be consequential in determining subsequent food 

consumption. Furthermore, an interaction of these factors was observed, such that an acute 

bout of sprint interval exercise delivered in conditions which supported individuals’ basic 

psychological needs for autonomy, competence, and relatedness resulted in lower total 

energy intake at the immediate post-exercise meal. Following the laboratory test meal, total 

energy intake from snacks was lower following SIT compared with MICT with respect to the 

no-support condition. Inspection of the composition of the snacks consumed revealed that 

this difference was due to ‘unhealthy’ food consumption with a tendency for lower 

‘unhealthy’ intake following the intermittent vs continuous exercise, independent of the 

psychological conditions. These findings highlight the importance of prolonging the post-

exercise monitoring of food intake, as changes may occur beyond the immediate post-

exercise meal. Importantly, the findings from this work also highlight the need to consider the 

effect of various exercise conditions on food choices rather than overall energy intake alone, 

as ‘unhealthy’ eating associated with exercise has important implications for the prevention 

of lifestyle diseases such as cardiovascular disease and type-2 diabetes.  
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While the majority of research investigating the relationship between exercise and energy 

intake (including the research presented in Chapter 2 of this thesis) has focused on the effect 

of an acute bout of exercise on subsequent food consumption, no research has previously 

been undertaken to examine the interactive effects of the physiological demands associated 

with the format of exercise and psychological experiences associated with exercise over a 

prolonged training period. Findings from this thesis showed that 12 weeks of sprint-interval 

training delivered with psychological need-support did not alter energy intake at the 

immediate post-exercise meal; however, individuals who completed this format of training 

consumed less total and ‘unhealthy’ foods from snacks during the hours following acute 

exercise, compared with pre-training. Meanwhile, post-exercise food intake remained 

unaltered from pre- to post-training in individuals who completed exercise in line with current 

recommendations (i.e., moderate-intensity continuous exercise without need-support).  

 

In addition to the key appetitive responses to exercise, it is important to acknowledge 

individuals’ perceptions and enjoyment of the various exercise conditions as reduced 

pleasure and enjoyment during exercise, by definition, will correspond with reduced 

autonomous motivation for exercise and may decrease future participation or lead to 

withdrawal of exercise altogether (Ekkekakis et al., 2011). Findings from both the acute and 

training study in this thesis demonstrate that sprint interval training performed on a 

stationary cycle ergometer is well tolerated in physically inactive populations (Chapter 2 and 

3) and populations with overweight (Chapter 3), with higher enjoyment reported following 

both an acute bout and 12 weeks of sprint interval exercise. This is an interesting observation 

given that the acute session of the sprint interval protocol resulted in higher post-exercise 

blood lactate and perceived exertion.  

 

Taken together, these findings provide important considerations for exercise practitioners to 

prescribe exercise that is suited to participants’ long-term energy balance goals. Modifying 

both the physical demands of, and psychological experiences in, exercise can have important 

effects on eating behaviours post-exercise. Such modifications may subsequently influence 

downstream outcomes, such as the prevention of obesity and a number of lifestyle diseases 

such as type-2 diabetes and cardiovascular disease (Parillo & Riccardi, 2004). 
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4.4 Limitations and Directions for Future Research 

While some practical applications can be derived from the findings presented in this thesis, 

the following limitations may still apply and should be considered in future research in this 

area.  

- With reference to Chapter 2, exercise was performed in the morning in a fasted state. 

Exercise performed in the postprandial state may result in varied appetitive responses 

and mechanisms associated with food consumption (e.g., varied rates of gastric 

emptying).  

- Only two exercise formats (i.e., sprint interval exercise and moderate-intensity 

continuous exercise) were compared in Chapters 2 and 3. As no resting control 

condition was employed, inferences cannot be made about the effects of the various 

exercise conditions relative to no-exercise. Likewise, these findings are specific to the 

intermittent exercise protocol employed here, and varied results may be obtained 

with different protocols incorporating varied work to recovery ratios and interval 

intensities.  

- With reference to Chapters 2 and 3, subjective appetite and appetite-related blood 

variables were only assessed pre- and post-exercise. Researchers may be interested 

in prolonging the assessment of these variables to determine their mechanistic role in 

food intake in the hours following exercise.  

- While the multi-item test meals utilised in Chapters 2 and 3 allowed for the 

assessment of food choices in addition to total energy intake, such an approach may 

also encourage overconsumption, or the intake of foods not regularly consumed due 

to their availability. An alternative method is a single-item test meal (e.g., bowl of 

porridge for breakfast or pasta for lunch). Regardless, both approaches may present 

low external validity as they may not represent the individuals’ habitual environment.  

-  Findings from the experimental work in this thesis are limited to the specific 

populations studied (i.e., physically inactive men and women in Chapter 2 and 

physically inactive men and women with overweight in Chapter 3). Whether similar 

results would be observed in exercise trained populations remains to be determined.  
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- Although men and women were included in the both studies in Chapters 2 and 3, sex-

specific comparisons could not be made given the unequal number of men and 

women in each study.  

- The focus of the study presented in Chapter 3 was to compare the effects of two 

training interventions on appetite and eating behaviours in response to acute 

exercise; however, these specific outcomes cannot be compared between groups as 

the exercise stimulus was not equal. Future researchers may wish to directly compare 

the effect of the training interventions on eating behaviours between groups by 

utilising a standard exercise protocol, or by assessing appetite regulation in response 

to a pre-load test-meal in the absence of exercise.  

- The psychological experiences of exercise in Chapters 2 and 3 were shaped by 

providing support of individuals’ basic psychological needs of autonomy, competence, 

and relatedness simultaneously. Therefore, it is not clear whether a specific aspect of 

need-support had the greatest impact on subsequent perceptions of the psychological 

environment, and in turn, food consumption. Future research could isolate these 

aspects of need-support to determine whether some are more important than others 

in facilitating a need-supportive environment, and whether less comprehensive 

manipulations may yield similar results to those seen here.  

 

Finally, there was some discrepancy between the findings presented in Chapter 2 and Chapter 

3 that deserve acknowledgement here. In Chapter 2, overall post-exercise energy intake 

tended to be lower following sprint interval exercise, relative to moderate-intensity 

continuous exercise. However, in Chapter 3, observation of the baseline (i.e., pre-training) 

eating behaviours revealed that participants who were randomised to the sprint interval 

training group consumed more total energy (807 ± 550 kJ vs 376 ± 565 kJ) and energy from 

‘unhealthy’ (730 ± 533 kJ vs 261 ± 582 kJ) sources of snacks compared with participants 

randomised to the moderate-intensity continuous exercise group (although this was not a 

direct comparison made based on the aims of this study). This finding was surprising given 

that the same cycling exercise protocols were utilised between studies. While the reason for 

the discrepancies in findings is not immediately clear, consideration of the characteristics of 

the individuals between studies may provide some insight. When directly compared, the 
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participants in Chapter 3 had a significantly higher BMI (29.6 vs 24.0 kg·m-2), lower aerobic 

capacity (20.8 vs 26.0 mL·kg-1·min-1), and higher dietary restraint (2.9 vs 2.4), compared with 

the participants in Chapter 2. The difference in dietary restraint may be the most salient factor 

given that individuals high in dietary restraint may be susceptive to compensatory eating 

behaviours around exercise (Sim, Lee, & Cheon, 2018). Of relevance, Miguet et al. (2019) 

observed a greater increase in ad libitum energy intake in restrained, relative to unrestrained, 

eaters (+492 kcal vs +115 kcal) following a 10-month exercise and weight loss intervention in 

adolescents with obesity. These authors also noted that dietary restraint was inversely 

correlated with percentage of weight loss, with those participants scoring high in restraint at 

baseline losing less weight than the unrestrained eaters. Although the difference in dietary 

restraint between the participants in Chapters 2 and 3 of this thesis may assist in explaining 

the differences in post-exercise eating responses between studies, this is speculative and 

does not explain the difference in the baseline consumption in Chapter 3. Future research 

specifically investigating these individual traits is needed to provide further insight into the 

underlying eating behaviours which may be predictive of post-exercise food consumption.  

 

4.5 Conclusions 

The findings presented in this thesis provide new evidence for an interactive effect of the 

format of exercise and psychological experiences during exercise on post-exercise food 

intake. Specifically, sprint interval exercise provided with psychological need-support 

attenuated food intake at the post-exercise meal, relative to traditionally-recommended 

moderate-intensity continuous exercise performed under the same psychological conditions. 

Additionally, an acute bout of sprint interval exercise decreased subsequent consumption of 

foods from ‘unhealthy’ sources, irrespective of the psychological need-support provided. 

Beyond the acute bout of exercise, 12 weeks of sprint interval exercise performed in 

psychologically need-supportive conditions attenuated post-exercise total and ‘unhealthy’ 

snack consumption in the hours following exercise, whereas the equivalent period of 

moderate-intensity continuous exercise without need-support did not alter post-exercise 

food intake. Also of importance are the findings that sprint interval exercise was rated as more 

enjoyable following both an acute bout and 12 weeks of training compared with moderate-

intensity continuous exercise, despite greater perceived exertion and applied effort. Taken 
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together, the findings in this thesis provide support for the use of intermittent exercise as an 

alternative to moderate-intensity continuous exercise in men and women who are physically 

inactive and/or overweight, especially when energy balance is also of concern. 
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 Chief Investigator 
 
Dr Kym Guelfi 
School of Human Sciences M408 
The University of Western Australia 
35 Stirling Highway, Crawley WA 
6009 
Email: kym.guelfi@uwa.edu.au 

 
Participant Information Sheet 

 

The influence of regular exercise training on well-being and markers of stress in the body 
 
Purpose of this study 

Exercise is important for a number of health and well-being outcomes; however, the benefits 

may vary across different types of exercise. This study aims to investigate the effects of 12 

weeks of moderate-intensity continuous exercise and high-intensity intermittent exercise on 

physiological and psychological markers of stress, health, well-being and enjoyment. 

Responses of interest include psychological markers such as mood, vitality and enjoyment, as 

well as physiological markers such as heart rate, blood pressure, and the circulating levels of 

glucose and inflammatory factors in the blood.  

 

Overview 

You are invited to participate in this study which investigates the effect of differing exercise 

intensities on psychological and physiological markers of stress and inflammation post-

exercise. Initially, the study will involve a baseline familiarisation session, followed by one 

experimental trial. Approximately one month after signing up for the study, you will be 

randomly allocated to one of two exercise programs involving exercise performed at 

continuous moderate-intensity exercise or exercise which alternates between high and low 

intensity intervals. The exercise program will require you to attend the Exercise Physiology 

Laboratory at the School of Human Sciences three times a week for 45 minutes per session, 

for a period of 12 weeks. Following the program, you will be asked to repeat the first 

experimental trial and the assessments from the initial familiarisation session. A total of 40 

sessions are involved in the study over a 4 month period. 
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Baseline testing 

The first appointment is a 60-minute familiarisation session in which you will be informed 

about the study and what will be required of you. During this appointment we ask that you 

complete a questionnaire detailing demographic information, baseline exercise patterns, 

motivation towards exercise and other lifestyle factors that may affect your levels of 

enjoyment and stress responses to exercise. We will also take measurements of height, 

weight and body composition (fat, muscle and bone mass as determined by a DEXA scan). 

During the DEXA scan, you will lay quietly for five minutes on an open x-ray bed while your 

body is scanned. The scan is non-invasive, and the radiation involved is much less than an x-

ray. These measurements will be repeated at the end of the 12-week period. Following this, 

you will 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 the collection of your expired breath for analysis. You will 

be required to increase the intensity of cycling every three minutes until you wish to stop the 

test. The same test will be performed in the middle and end of the exercise program to 

determine whether your aerobic fitness has changed. 

 

Experimental procedures 

In order to compare the effects of exercising at different intensities, we will ask you to 

complete two half-day experimental trials lasting 5 hours each (one at the start of the 

program and one at the end of the program). For each session you will need to arrive at the 

laboratory at 8:00 am, having fasted from both food and water since 10:00 pm the night 

before. You will also be required to record all food and drink consumption consumed the day 

prior to each experimental trial. In addition, you will be asked to refrain from alcohol 

consumption and vigorous physical activity in the last 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 laboratory, you will complete a series of questionnaires before 0.5 ml of 

blood (equivalent to a few drops) is collected from the fingertip following a small prick to the 

finger with a sterile lancet device. It is possible that slight discomfort may be felt; however, 
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this is only temporary. You will be sitting in a soft chair for this procedure. Following the blood 

collection, you will then be required to complete one of the following two exercise conditions 

on each of the visits to the laboratory: 

1. Thirty minutes of moderate-intensity continuous stationary cycling at an exercise 

intensity that coincides with around 60-65% of your peak capacity (V̇O2peak) 

determined from the initial laboratory visit. 

2. Thirty minutes of high-intensity intermittent stationary cycling. This session involves 

cycling for 15 seconds at approximately 170-180% of your peak capacity (high-

intensity exercise), followed by cycling for 60 seconds at approximately 32-36% of your 

peak capacity (low-intensity exercise).  

After the exercise bout, you will be asked to complete a series of questionnaires relating to 

the exercise, such as enjoyment, the way in which the exercise was delivered, and difficulty 

of the exercise. This will be followed by second capillary blood sample. To ensure that 

measurements are not influenced by external activities, you will be asked to remain in the 

laboratory for the rest of the morning (until 1 pm). You will have opportunities to rest or work 

quietly. Food will be provided throughout the morning (breakfast and snacks). 

 

Exercise program 

You will be randomly allocated to participate in one of two exercise programs for a period of 

12 weeks: 

1. 30-45 min (increasing in duration over the 12 weeks) of continuous stationary 

cycling, performed at moderate-intensity 

2. 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 and scheduled at 

varied times which you may choose from (including early morning and evening 

appointments). 

 

Confidentiality 
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Your confidentiality will be maintained throughout the study through random assignment of 

a number to de-identify your data. All data collected will be securely stored in a locked 

cupboard and password-protected computer accessible only to the PhD candidate and chief 

investigators. The findings of this study may be published, however all information used will 

be non-identifiable. 

 

Possible benefits 

You will receive 12 weeks of supervised exercise training and learn how your body responds 

to different types of exercise. You will also receive two free body composition scans that will 

determine bone mineral density, body fat percentage and muscle mass levels, along with a 

record of your current fitness levels obtained from the graded exercise test (V̇O2peak). 

 

Possible risks 

Moderate-intensity exercise on most days of the week is recommended for healthy 

individuals to maintain optimal health and well-being. Therefore, the risks associated with 

this form of exercise are extremely low. The test of aerobic fitness (V̇O2peak) may be perceived 

as uncomfortable as it involves exercise to one’s maximal capacity, but this test will only last 

for as long as you choose to continue. The blood sampling procedure may cause some mild 

discomfort and may leave a small bruise at the sampling site. The body composition (DEXA) 

scans involve the use of a low dose x-rays about equal to one thousandth of the background 

radiation you would receive in one year living in Perth. The total background radiation in 

Western Australia is about 2mSv per year. The radiation dose from cosmic rays from flying in 

a jet from Perth to London is approximately 0.1 mSv. All of these procedures are routinely 

performed in our laboratory and all efforts will be made to ensure you are comfortable at all 

times. 

 

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 
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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 an 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 about the research or would 

like further information, please contact PhD Candidate Natalya Beer on mobile 0433 450 253 

or via email natalya.beer@research.uwa.du.au. Further information about the study may be 

obtained from Dr Kym Guelfi (kym.guelfi@uwa.edu.au), Dr James Dimmock 

(james.dimmock@uwa.edu.au) or Dr Ben Jackson (ben.jackson@uwa.edu.au). 

 

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 Ethics office at UWA on (08) 6488 4703 or by 

emailing to humanethics@uwa.edu.au. All research participants are entitled to retain a copy 

of any Participant Information Form and/or Participant Consent Form relating to this research 

project. 

  

mailto:hreo-research@uwa.edu.au
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Chief Investigator 
Dr Kym Guelfi 
School of Human Sciences M408 
The University of Western Australia 
35 Stirling Highway, Crawley WA 
6009 
Email: kym.guelfi@uwa.edu.au  
 
 

Participant Consent Form 
 
The influence of a healthy lifestyle exercise intervention on well-being and markers of stress 

in the body 
 
 
I, ______________________ have read the information provided and any questions I have 
asked have been answered to my satisfaction. I agree to participate in this research project, 
realising that I may withdraw at any time without reason and without prejudice. 
 
I understand that all identifiable information that I provide is treated as confidential and will 
not be released by the investigator in any form that may identify me unless I have consented 
to this. The only exception to this principle of confidentiality is if this information is required 
by law to be released. 
 
I agree that research gathered for the study may be published provided my name or other 
identifying information is not used. 
 
 
 
 
_________________________  _______________ 
Participant signature  Date 
 
 
 
 
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 Ethics Office at the University of Western Australia 
on (08) 6488 3703 or by emailing to humanethics@uwa.edu.au 
All research participants are entitled to retain a copy of any Participant Information Form and/or Participant Consent Form 
relating to this research project. 

 

The University of Western Australia  
M459 Perth WA 6009 Australia 

 T +61 8 6488 3703  E humanethics@uwa.edu.au 
    CRICOS Provider Code 00126G 
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Chief Investigator 
Dr Kym Guelfi 
School of Human Sciences M408 
The University of Western Australia 
35 Stirling Highway, Crawley WA 
6009 
Email: kym.guelfi@uwa.edu.au 
 
 

Participant Information Sheet 

 

The effects of an acute bout of exercise on psychological and physiological markers of stress 

in the body 

 
Purpose of this study 

Exercise is important for a number of health and well-being outcomes; however, the benefits 

may vary across different types of exercise. This study aims to investigate the effects of an 

acute bout of moderate-intensity continuous exercise compared with high-intensity 

intermittent exercise on physiological and psychological markers of stress, health, well-being 

and enjoyment. Responses of interest include psychological markers such as mood, vitality 

and enjoyment, as well as physiological markers such as heart rate, blood pressure, and the 

circulating levels of glucose and inflammatory factors in the blood.  

 

Overview 

You are invited to participate in this study which investigates the effect of differing exercise 

intensities on psychological and physiological markers of stress and inflammation post-

exercise. Initially, the study will involve a baseline familiarisation session, followed by two 

experimental trials. You will be required to attend the Exercise Physiology Laboratory at the 

School of Human Sciences for a total of three visits.  
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Baseline testing 

The first appointment is a 60-minute familiarisation session in which you will be informed 

about the study and what will be required of you. During this appointment we ask that you 

complete a questionnaire detailing demographic information, baseline exercise patterns, 

motivation towards exercise and other lifestyle factors which may affect your levels of 

enjoyment and responses to exercise. We will also take measurements of height and weight 

followed by 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 the collection of your expired breath for analysis. You will be required to increase 

the intensity of cycling every three minutes until you wish to stop the test.  

 

Experimental procedures 

In order to compare the effects of exercising at different intensities, we will ask you to 

complete two half-day experimental trials lasting 5 hours each. For each trial you will need to 

arrive at the laboratory at 8:00 am, having fasted from both food and water since 10:00 pm 

the night before. You will also be required to record all food and drink consumed the day prior 

to each experimental trial. In addition, you will be asked to refrain from alcohol consumption 

and vigorous physical activity in the last 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 laboratory, you will complete a series of questionnaires before 0.5 ml of 

blood (equivalent to a few drops) is collected from the fingertip following a small prick to the 

finger with a sterile lancet device. It is possible that slight discomfort may be felt; however, 

this is only temporary. You will be sitting in a soft chair for this procedure. Following the blood 

collection, you will then be required to complete one of the following two exercise conditions 

on each of the visits to the laboratory: 

1. Thirty minutes of moderate-intensity continuous stationary cycling at an exercise 

intensity that coincides with around 60-65% of your peak capacity (V̇O2peak) 

determined from the initial laboratory visit. 

2. Thirty minutes of high-intensity intermittent stationary cycling. This session involves 

cycling for 15 seconds at approximately 170-180% of your peak capacity (high-

intensity exercise), followed by cycling for 60 seconds at approximately 32-36% of your 

peak capacity (low-intensity exercise).  
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After the exercise bout, you will be asked to complete a series of questionnaires relating to 

the exercise, such as enjoyment, the way in which the exercise was delivered, and difficulty 

of the exercise. This will be followed by second capillary blood sample. To ensure that 

measurements are not influenced by external activities, you will be asked to remain in the 

laboratory for the rest of the morning (until 1 pm). You will have opportunities to rest or work 

quietly. Food will be provided throughout the morning (breakfast and snacks). 

 

Confidentiality 

Your confidentiality will be maintained throughout the study through random assignment of 

a number to de-identify your data. All data collected will be securely stored in a locked 

cupboard and password-protected computer accessible only to the PhD candidate and chief 

investigators. The findings of this study may be published, however all information used will 

be non-identifiable. 

 

Possible benefits 

You will receive a record of your current fitness levels obtained from the graded exercise test 

(V̇O2peak). These results 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 how your body responds to exercise, 

particularly of differing intensities.  

 

Possible risks 

Moderate-intensity exercise on most days of the week is recommended for healthy 

individuals to maintain optimal health and well-being. Therefore, the risks associated with 

this form of exercise are extremely low. The test of aerobic fitness (V̇O2peak) may be perceived 

as uncomfortable as it involves exercise to one’s maximal capacity, but this test will only last 

as long as you choose to continue. The blood sampling procedure may cause some mild 

discomfort and may leave a small bruise at the sampling site, but all efforts will be made to 

minimise any discomfort.  
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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 an 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 about the research or would 

like further information, please contact PhD Candidate Natalya Beer on mobile 0433 450 253 

or via email natalya.beer@research.uwa.du.au. Further information about the study may be 

obtained from Dr Kym Guelfi (kym.guelfi@uwa.edu.au), Dr James Dimmock 

(james.dimmock@uwa.edu.au) or Dr Ben Jackson (ben.jackson@uwa.edu.au). 

 

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 Ethics office at UWA on (08) 6488 4703 or by 

emailing to humanethics@uwa.edu.au. All research participants are entitled to retain a copy 

of any Participant Information Form and/or Participant Consent Form relating to this research 

project. 

  

mailto:hreo-research@uwa.edu.au
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Chief Investigator 
Dr Kym Guelfi 
School of Human Sciences M408 
The University of Western Australia 
35 Stirling Highway, Crawley WA 
6009 
Email: kym.guelfi@uwa.edu.au 
 
 

Participant Consent Form 
 

The effects of an acute bout of exercise on psychological and physiological markers of stress 
in the body 

 
 
I, ______________________ have read the information provided and any questions I have 
asked have been answered to my satisfaction. I agree to participate in this research project, 
realising that I may withdraw at any time without reason and without prejudice. 
 
I understand that all identifiable information that I provide is treated as confidential and will 
not be released by the investigator in any form that may identify me unless I have consented 
to this. The only exception to this principle of confidentiality is if this information is required 
by law to be released. 
 
I agree that research gathered for the study may be published provided my name or other 
identifying information is not used. 
 
 
 
 
_________________________  _______________ 
Participant signature  Date 
 
 
 
 
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 Ethics Office at the University of Western Australia 
on (08) 6488 3703 or by emailing to humanethics@uwa.edu.au 
All research participants are entitled to retain a copy of any Participant Information Form and/or Participant Consent Form 
relating to this research project. 
 

The University of Western Australia  
M459 Perth WA 6009 Australia 

 T +61 8 6488 3703  E humanethics@uwa.edu.au 
    CRICOS Provider Code 00126G 
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Appendix D 

Data Collection Sheets 

(Chapters 2 and 3)
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Data sheet: familiarisation 

 

 

 

 

 

 

 

 

Peak oxygen consumption test 

Workload 
Time 

(mins) 

Power 

(Watts) 

V̇O2 

(mL·kg-1·min-1) 

Heart rate 

(bpm) 
RPE RER 

1 1-4      

2 4-7      

3 7-10      

4 10-13      

5 13-16      

6 16-19      

7 19-22      

 

V̇O2peak ___________(mL·kg-1·min-1)  Seat Height___________  

Test date____________  Time____________ 

Anthropometry  

Height____________(cm) Weight____________(kg)  

 

Resting heart rate____________ (bpm) 

Consent  

Anthropometry 

Contact details 

Questionnaire 

V̇O2peak 

Exercise familiarisation 
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Exercise protocol familiarisation 

  

Blood sample familiarisation 

Food diary given and explained 

(to be completed day before experimental trial) 

Next appointment booked 

Continuous (2 minutes) 

60% V̇O2peak___________(Watts)     

 

Intermittent (2 minutes) 

Work: 170% V̇O2peak___________(watts) 15 sec  

Recovery: 32% V̇O2peak___________(Watts) 60 sec 

 

 

Questions for participant 

Typical breakfast ______________________ 

Favourite food treat______________________ 
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Data sheets: experimental trials 

 

 

 

 

 

 

 

gg 

 

Data sheet: experimental trial (moderate-intensity continuous exercise) 

Work effort Time Power 
(Watts) 

Heart rate RPE FS 

 5:00     

10:00     

15:00     

20:00     

25:00     

30:00     

ActiGraph time_______  Affective valence_______ Music ______________ 

 

Work: 60 V̇O2peak _____ (Watts) 

Weight: _____ 

Resting HR: _____ 

 

Pre-exercise questionnaire & blood sample 1   

Time_______ Glucose _______ (mmol) Lactate _______ (mmol) Aliquot position in 

freezer_____ 

Test date____________  Time____________ 

Trial number____________ +NS  -NS 

Temp____________ (°C) Humidity____________ (%) 
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Data sheet: experimental trial sprint interval exercise 

Work 
effort 

Time 
Power 
(Watts) 

Heart 
rate 

RPE/FS 
Work/ 
Rec bout 

Time 
Power 
(Watts) 

Heart 
rate 

RPE/FS 

1 

(1:15) 

60 sec    

 

13 

(16:15) 

60 sec   
 

15 sec   15 sec   

2 

(2:30) 

60 sec   
 

14 

(17:30) 

60 sec   
 

15 sec   15 sec   

3 

(3:45) 

60 sec   
 

15 

(18:45) 

60 sec   
 

15 sec   15 sec   

4 

(5:00) 

60 sec   

  

16 

(20:00) 

60 sec   RPE: 

FS: 15 sec   15 sec   

5 

(6:15) 

60 sec    

 

17 

(21:15) 

60 sec   
 

15 sec   15 sec   

6 

(7:30) 

60 sec   
 

18 

(22:30) 

60 sec   
 

15 sec   15 sec   

7 

(8:45) 

60 sec   
 

19 

(23:45) 

60 sec   
 

15 sec   15 sec   

8 

(10:00) 

60 sec   RPE: 

FS: 

20 

(25:00) 

60 sec    

 15 sec   15 sec   

9 

(11:15) 

60 sec   
 

21 

(26:15) 

60 sec   
 

15 sec   15 sec   

10 

(12:30) 

60 sec   
 

22 

(27:30) 

60 sec   
 

15 sec   15 sec   

11 

(13:45) 

60 sec    

 

23 

(28:45) 

60 sec   
 

15 sec   15 sec   

12 

(15:00) 

60 sec    

 

24 

(30:00) 

60 sec   RPE: 

FS: 15 sec   15 sec   
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Food intake 

 

 

 

Post-exercise questionnaire & blood sample 2   

Time_______ Glucose _______ (mmol) Lactate _______ (mmol)  

Aliquot position in freezer_____ 

Meal 1  Time_______ 

Start of rest period  Time_______ 

Food diary and ActiGraph log given 

ActiGraph unit number_______ 

 

Final questionnaire & blood sample 3  

Time_______   

Post-breakfast questionnaire Time_______ 

Day of menstrual cycle (women only) _______ 



159 

Food Intake Assessment  

 Meal 1 Snacks 

Item Weight pre (g) Weight post (g) Weight pre (g) Weight post (g) 

Water     

Weetbix     

Coco pops     

Milk     

Bread     

Margarine     

Jam     

Vegemite     

Chocolate biscuits     

Muffins     

Banana     

Orange     

Lollies     

Mars bar     

Chips     



160 

Appendix E 

Participant Questionnaires: GLTEQ, BREQ-3, DEBQ, CEMQ, GFCI-T, Food Acceptability 

Questionnaire, Instructor Need-Support Questionnaire, IMI, VAS 

(Chapters 2 and 3)
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Godin Leisure Time Exercise Questionnaire (GLTEQ) 

(Godin & Shephard, 1985) 

 

1. During a typical 7-day period (a week), how many times on average do you do the following 

kinds of exercise during your free time. Please write the number of times per week and 

duration on each line (e.g., 3 x 20 minutes) 

Strenuous exercise (when your heart beats rapidly and you feel out of breath) 

e.g., running, jogging, hockey, football, soccer, squash, swimming, long distance, or vigorous 

cycling, etc. 

______________________________________________ Times Per Week 

 

Moderate exercise (not exhausting) 

e.g., fast walking, tennis, easy cycling, easy swimming, etc.  

______________________________________________ Times Per Week 

 

Mild exercise (requires minimal effort) 

e.g., yoga, bowling, golf, easy walking, etc. 

_________________________________________________Times Per Week 

 

2. During a typical 7-day period (a week), in your leisure time, how often do you engage in 

any regular activity long enough to work up a sweat (heart beats rapidly)? Please circle one 

of the following: 

OFTEN  SOMETIMES  NEVER/RARELY 
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Behavioural Regulation in Exercise Questionnaire-3 (BREQ-3) 

(Markland & Tobin, 2004) 

We are interested in the reasons underlying peoples’ decisions to engage or not engage in 

physical exercise. Using the scale below, please indicate to what extent each of the following 

statements is true for you by circling a number from 0-4. Please note that there are no right 

or wrong answers and no trick questions. We simply want to know how you personally feel 

about exercise. 

 

N
o
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tr

u
e 

fo
r 

m
e 

 

So
m

et
im

es
 t

ru
e 

fo
r 

m
e 

 

V
er

y 
tr

u
e 

fo
r 

m
e 

1. It’s important to me to exercise regularly 0 1 2 3 4 

2. I don’t see why I should have to exercise 0 1 2 3 4 

3. I exercise because it’s fun 0 1 2 3 4 

4. I feel guilty when I don’t exercise 0 1 2 3 4 

5. I exercise because it is consistent with my life goals 0 1 2 3 4 

6. I exercise because other people say I should 0 1 2 3 4 

7. I value the benefits of exercise 0 1 2 3 4 

8. I can’t see why I should bother exercising 0 1 2 3 4 

9. I enjoy my exercise sessions 0 1 2 3 4 

10. I feel ashamed when I miss an exercise session 0 1 2 3 4 

11. I consider exercise part of my identity 0 1 2 3 4 



163 

 

N
o
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r 

m
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e 
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r 

m
e 

 

V
er

y 
tr

u
e 

fo
r 

m
e 

12. I take part in exercise because my friends/family/partner say I should 0 1 2 3 4 

13. I think it is important to make the effort to exercise regularly 0 1 2 3 4 

14. I don’t see the point in exercising 0 1 2 3 4 

15. I find exercise a pleasurable activity 0 1 2 3 4 

16. I feel like a failure when I haven’t exercised in a while 0 1 2 3 4 

17. I consider exercise a fundamental part of who I am 0 1 2 3 4 

18. I exercise because others will not be pleased with me if I don’t 0 1 2 3 4 

19. I get restless if I don’t exercise regularly 0 1 2 3 4 

20. I think exercising is a waste of time 0 1 2 3 4 

21. I get pleasure and satisfaction from participating in exercise 0 1 2 3 4 

22. I would feel bad about myself if I was not making time to exercise 0 1 2 3 4 

23. I consider exercise consistent with my values 0 1 2 3 4 

24. I feel under pressure from my friends/family to exercise 0 1 2 3 4 
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Dutch Eating Behaviour Questionnaire (DEBQ) 

(van Strien et al., 1986) 

The following questions and statements refer to your eating behaviours. Please read the 

following questions and indicate how frequently they are relevant to you by circling a 

response from 1-5. 

 

N
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m
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O
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V
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y 
o
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1. If you put on weight do you normally eat less than you usually 
do? 

1 2 3 4 5 

2. Do you try to eat less at meal times than you would like to 
eat? 

1 2 3 4 5 

3. How often do you refuse food and drink offered because you 
are concerned about your weight? 

1 2 3 4 5 

4. Do you watch exactly what you eat? 1 2 3 4 5 

5. Do you deliberately eat foods that are slimming? 1 2 3 4 5 

6. When you have eaten too much, do you eat less than usual 
the following day? 

1 2 3 4 5 

7. Do you deliberately eat less in order not to become heavier? 1 2 3 4 5 

8. How often do you try not to eat between meals because you 
are watching your weight? 

1 2 3 4 5 

9. How often in the evening do you try not to eat because you 
are watching your weight? 

1 2 3 4 5 

10. Do you take into account your weight with what you eat? 1 2 3 4 5 
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Compensatory Eating Motives Questionnaire  

(Moshier et al., 2016) 

The following questions relate to eating food after exercise. Please read each sentence 

carefully. Using the scale below, please indicate how frequently each applies to you by circling 

a number from 1-4.  

 

N
ev
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A
lm

o
st

 

n
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A
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o
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w
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s 

A
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ay
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1. I feel that I have earned it 1 2 3 4 

2. I should be rewarded for a good workout 1 2 3 4 

3. I deserve a treat after exercise 1 2 3 4 

4. I like to reward myself for exercising 1 2 3 4 

5. I am allowed to eat more when I exercise 1 2 3 4 

6. I have already burned off the calories 1 2 3 4 

7. It is ok to eat more after I exercise 1 2 3 4 

8. I want to build more muscle 1 2 3 4 

9. I want to restore nutrients after exercise  1 2 3 4 

10. I need to get ready for my next workout 1 2 3 4 

11. My body needs food after exercise 1 2 3 4 

12. Eating returns my body to normal 1 2 3 4 

13. I feel lightheaded after exercise 1 2 3 4 

14. I feel weak after I exercise 1 2 3 4 

15. I feel shaky after exercise  1 2 3 4 
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A
lm

o
st

 a
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s 

A
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15. I feel less anxious after I eat  1 2 3 4 5 6 

16. When I eat food, I feel comforted  1 2 3 4 5 6 

17. Sometimes, eating makes things seem 
just perfect  

1 2 3 4 5 6 

18. I crave foods when I’m upset  1 2 3 4 5 6 

19. My emotions often make me want to 
eat  

1 2 3 4 5 6 

20. When I’m stressed out, I crave food  1 2 3 4 5 6 

21. I crave foods when I feel bored, angry, 
or sad 

1 2 3 4 5 6 
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General Food Craving Questionnaire-Trait (GFCI-T) 

(Nijs et al., 2007) 

Please indicate the extent to which statement would be generally true for you by circling a 

number from 1-6. 

 

N
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A
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A
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A
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1. I feel like I have food on my mind all the 
time  

1 2 3 4 5 6 

2. I can’t stop thinking about eating no 
matter how hard I try 

1 2 3 4 5 6 

3. I find myself preoccupied with food  1 2 3 4 5 6 

4. If I am craving something, thoughts of 
eating it consume me  

1 2 3 4 5 6 

5. Food cravings invariably make me think 
of ways to get what I want to eat  

1 2 3 4 5 6 

6. I spend a lot of time thinking about 
whatever it is I will eat next  

1 2 3 4 5 6 

7. If I eat what I’m craving, I often lose 
control and eat too much  

1 2 3 4 5 6 

8. Once I start eating, I have trouble 
stopping  

1 2 3 4 5 6 

9. When I crave something, I know I won’t 
be able to stop eating once I start  

1 2 3 4 5 6 

10. If I get what I’m craving I cannot stop 
myself from eating it  

1 2 3 4 5 6 

11. When I am with someone who is 
overeating, I usually overeat too  

1 2 3 4 5 6 

12. Whenever I go to a buffet I end up 
eating more than what I needed  

1 2 3 4 5 6 

13. Eating what I crave makes me feel 
better  

1 2 3 4 5 6 

14. When I eat what I crave, I feel great  1 2 3 4 5 6 
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A
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s 

15. I feel less anxious after I eat  1 2 3 4 5 6 

16. When I eat food, I feel comforted  1 2 3 4 5 6 

17. Sometimes, eating makes things seem 
just perfect  

1 2 3 4 5 6 

18. I crave foods when I’m upset  1 2 3 4 5 6 

19. My emotions often make me want to 
eat  

1 2 3 4 5 6 

20. When I’m stressed out, I crave food  1 2 3 4 5 6 

21. I crave foods when I feel bored, angry, 
or sad 

1 2 3 4 5 6 
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Food Acceptability Questionnaire 

The following questionnaire is for the purpose of determining the type of foods to make 

available for you during your experimental trial visits. Please indicate whether you are allergic 

to each food by ticking yes if you are allergic to any of the food items. Please also indicate 

how much you like or dislike each food by circling a number from 1-7. 

 

  

Food Allergic Preference 

 

Ye
s 

D
is

lik
e 

ex
tr

em
el

y 

  

Li
ke

 

m
o

d
er

at
el

y 

  

Li
ke

 e
xt

re
m

el
y 

Weetbix cereal  1 2 3 4 5 6 7 

Coco pops cereal  1 2 3 4 5 6 7 

Milk  1 2 3 4 5 6 7 

Wholemeal bread  1 2 3 4 5 6 7 

Margarine  1 2 3 4 5 6 7 

Strawberry jam  1 2 3 4 5 6 7 

Vegemite spread  1 2 3 4 5 6 7 

Chocolate biscuits  1 2 3 4 5 6 7 

Chocolate chip muffins  1 2 3 4 5 6 7 

Banana  1 2 3 4 5 6 7 

Mandarin  1 2 3 4 5 6 7 

Lollies  1 2 3 4 5 6 7 

Mars bar  1 2 3 4 5 6 7 

Unflavoured popcorn  1 2 3 4 5 6 7 

Chips (crisps)  1 2 3 4 5 6 7 
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Instructor Need-Support Questionnaire 

(Markland & Tobin, 2010) 

Considering the exercise you have just completed, please read each of the following 

statements carefully and indicate how true each is for you by circling a number from 0-4. 
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e 
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r 

m
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1. The exercise instructor took into account my individual 
needs  

0 1 2 3 4 

2. The exercise instructor gave me good advice  0 1 2 3 4 

3. The exercise instructor made it clear to me what I 
needed to do to get results  

0 1 2 3 4 

4. The exercise instructor made time for me even though 
they were busy  

0 1 2 3 4 

5. The exercise instructor made me feel like I matter to 
them 

0 1 2 3 4 

6. The exercise instructor provided me with a range of 
exercise options  

0 1 2 3 4 

7. The exercise instructor made it clear what to expect 
from engaging in the exercise session  

0 1 2 3 4 

8. The exercise instructor provided me with choices and 
options  

0 1 2 3 4 

9. The exercise instructor was concerned about my well-
being  

0 1 2 3 4 

10. The exercise instructor gave me exercises that are 
suited to my level  

0 1 2 3 4 

11. The exercise instructor encouraged me to take my 
own initiative  

0 1 2 3 4 

12. The exercise instructor helped me to feel confident 
about exercise 

0 1 2 3 4 

13. The exercise instructor looked after me  0 1 2 3 4 

14. The exercise instructor considered my personal needs  0 1 2 3 4 

15. The exercise instructor cared about me  0 1 2 3 4 
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Intrinsic Motivation Inventory (IMI) 

(Plant & Ryan, 1985) 

Please read each of the following statements carefully and indicate how true each is for you 

by circling a number from 1-7. 
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1. I enjoyed this exercise session very much 1 2 3 4 5 6 7 

2. This exercise session was fun to do  1 2 3 4 5 6 7 

3. I thought this exercise session was boring 1 2 3 4 5 6 7 

4. This exercise session did not hold my attention at all 1 2 3 4 5 6 7 

5. I would describe this exercise session as very 
interesting 

1 2 3 4 5 6 7 

6. I would describe this exercise session as quite 
enjoyable  

1 2 3 4 5 6 7 

7. While I was doing this exercise session, I was thinking 
about how much I enjoyed it  

1 2 3 4 5 6 7 

8. I believe this type of exercise could be of some value 
to me  

1 2 3 4 5 6 7 

9. I think doing this type of exercise is useful for my 
fitness  

1 2 3 4 5 6 7 

10. I think this type of exercise is important to do 
because it can improve my wellbeing  

1 2 3 4 5 6 7 

11. I would be willing to do this type of exercise again 
because it has some value to me 

1 2 3 4 5 6 7 

12. I think doing this type of exercise could help me to 
improve my health 

1 2 3 4 5 6 7 

13. I believe doing this type of exercise could be 
beneficial to me 

1 2 3 4 5 6 7 

14. I believe this is an important type of exercise  1 2 3 4 5 6 7 
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15. I believe I had some choice about doing this exercise 
session 

1 2 3 4 5 6 7 

16. I felt like it was not my own choice to do this 
exercise  

1 2 3 4 5 6 7 

17. I didn't really have a choice about doing this exercise 
session 

1 2 3 4 5 6 7 

18. I felt like I had to do this exercise session 1 2 3 4 5 6 7 

19. I did this exercise session because I had no choice 1 2 3 4 5 6 7 

20. I did this exercise session because I wanted to 1 2 3 4 5 6 7 

21. I did this exercise session because I had to 1 2 3 4 5 6 7 

22. I think I am pretty good at this type of exercise 1 2 3 4 5 6 7 

23. I think I did pretty well at this type of exercise 
compared to others 

1 2 3 4 5 6 7 

24. After doing this type of exercise for a while, I felt 
pretty competent 

1 2 3 4 5 6 7 

25. I am satisfied with my performance for this type of 
exercise 

1 2 3 4 5 6 7 

26. I was pretty skilled at this type of exercise 1 2 3 4 5 6 7 

27. This was exercise that I couldn’t do very well 1 2 3 4 5 6 7 

28. I put a lot of effort into this exercise session 1 2 3 4 5 6 7 

29. I didn’t try very hard to do well at this exercise 
session 

1 2 3 4 5 6 7 

30. I tried very hard at this exercise session 1 2 3 4 5 6 7 
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31. It was important to me to do well at this exercise  1 2 3 4 5 6 7 

32. I didn’t put much energy into the exercise session 1 2 3 4 5 6 7 

33. I did not feel nervous at all while doing this exercise 
session 

1 2 3 4 5 6 7 

34. I felt very tense while doing this exercise session 1 2 3 4 5 6 7 

35. I was very relaxed in doing this exercise session 1 2 3 4 5 6 7 

36. I was anxious while exercising  1 2 3 4 5 6 7 

37. I felt pressured while doing this exercise session 1 2 3 4 5 6 7 

38. I felt really distant to the exercise instructor 1 2 3 4 5 6 7 

39. I really doubt that the exercise instructor and I could 
be friends 

1 2 3 4 5 6 7 

40. I felt like I could really trust the exercise instructor 1 2 3 4 5 6 7 

41. I’d like a chance to interact with the exercise 
instructor more often  

1 2 3 4 5 6 7 

42. I’d really prefer not to interact with the exercise 
instructor in the future  

1 2 3 4 5 6 7 

43. I don’t feel like I could really trust the exercise 
instructor 

1 2 3 4 5 6 7 

44. It is likely that the exercise instructor and I could 
become friends if we interacted a lot 

1 2 3 4 5 6 7 

45. I feel close to the exercise instructor 1 2 3 4 5 6 7 
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Visual Analogue Scale (VAS) 

Please answer these questions by marking a ‘I’ on each line to indicate how you feel right 

now. 

 

1. How tired do you feel right now? 

Not tired at all       Very tired 

  
 

 

2. How hungry do you feel?  

 Not hungry at all       As hungry as I have ever felt  

  

 

3. How full do you feel?  

 Not full at all       As full as I have ever felt 

  
 

 

4. How amused do you feel?  

 Not at all        Very much so 
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Appendix F 

Exercise Training Log (Chapter 3) 
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Training Log 

Week 1 

Day 1 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 2 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 3 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

Total work: 
Mean power:  
Music:  

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

 
Week 2 

Day 4 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 5 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 6 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Start of intervention____________ 

End of intervention ____________ 

Condition: SIT  MICT 

Weight: _____ 

Work: 170 V̇O2peak _____ (Watts) 

Recovery: 32% V̇O2peak _____ (Watts) 

MICT: 60% V̇O2peak _____ (Watts) 

Bike: _____ 

Seat height: _____ 
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Week 3 

Day 7 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 

Day 8 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 9 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

35 
min 

   35 
min 

   35 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

 
Week 4 

Day 10 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 11 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 12 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

35 
min 

   35 
min 

   35 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 
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Week 5 

Day 13 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 14 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 15 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

40 
min 

   40 
min 

   40 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

 
Week 6  

Day 16 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 17 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 18: V̇O2max (week 6) 
 
 
Date____/____/____ 
 
 

 HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   

20 
min 

   20 
min 

   

30 
min 

   30 
min 

   

40 
min 

   40 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 
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Week 7 

Day 19 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 20 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 21 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

45 
min 

   45 
min 

   45 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power: 
Music:  

 
Week 8 

Day 22 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 23 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 24 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

45 
min 

   45 
min 

   45 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 
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Week 9 

Day 25 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 26 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 27 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

40 
min 

   40 
min 

   40 
min 

   

50 
min 

   50 
min 

   50 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power: 
Music:  

Total work: 
Mean power:  
Music: 

 
Week 10 

Day 28 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 29 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 30 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

40 
min 

   40 
min 

   40 
min 

   

50 
min 

   50 
min 

   50 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 
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Week 11 

Day 31 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 32 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 33 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

40 
min 

   40 
min 

   40 
min 

   

50 
min 

   50 
min 

   50 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

 
Week 12 

Day 34 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 35 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

Day 36 
Date____/____/____ 
Resting HR_____ (bpm) 
Temp_____(°C) 
Humidity_____(%) 
 

 HR RPE FS  HR RPE FS  HR RPE FS 

10 
min 

   10 
min 

   10 
min 

   

20 
min 

   20 
min 

   20 
min 

   

30 
min 

   30 
min 

   30 
min 

   

40 
min 

   40 
min 

   40 
min 

   

50 
min 

   50 
min 

   50 
min 

   

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 

Total work: 
Mean power:  
Music: 
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Appendix G 

Published Articles
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