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exercise bout on cycle ergometers with matched energy expenditure in a counterbalanced 

design, followed by a test meal. Selected appetite hormone measures were taken at fasting, 

pre exercise, post exercise and 1 hour post exercise. Food craving questionnaire-state (FCQ-S 

for savoury and sweet foods) measures were taken at fasting, postprandial, pre exercise, post 

exercise, 1 hour post exercise, post-test meal and 30 minutes post-test meal. Results: An 

acute bout of exercise, at both moderate- and high-intensity, resulted in a significant 

suppression of appetite for both sweet and savoury foods in OV/OB individuals (P<0.05), 

with no change reported in lean females (P> 0.05). With regard to hormonal response; the 

findings indicated that an acute bout of exercise result in a significant reduction post-exercise 

in amylin concentration, with the greatest response evident following the high-intensity 

protocol where amylin was reduced from pre- to 1h post-exercise by 46% in OV/OB group. 

The study also demonstrated that OV/OB individuals have a greater drive to eat in a 

postprandial state following the ingestion of a 300 kcal test-meal. Conclusion: OV/OB 

females experience a larger decline in craving after exercise than lean; otherwise, this might 

be overcompensated by the increased craving in the postprandial state by OV/OB. 

The collective findings of this thesis suggest that the utility of exercise alone as a mediator of 

weight loss seems unsupported at least in the limitations of gender and exercise duration used 

for our research design. Our investigations in both lean and overweight females suggest that 

exercise should be used in conjunction with dietary restriction to maximise the chance of 

success for weight loss programs. Studies that have formerly reported weight loss in females 

may be confounded by the participants desire to lose weight during the study, exhibiting 

increased self-control in their eating behaviour alongside the exercise intervention. 

Key words: exercise, appetite, food craving, food intake, amylin, leptin, obesity, weight 

loss. 
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36), glucagon like-peptide-1 (GLP-1), cholecystokinin (CCK), amylin, insulin, ghrelin and its 

acylated form provide phasic signals direct to the hypothalamus but also to the hind brain, 

subsequently controlling eating behaviour (Suzuki, Simpson, Shillito, & Bloom, 2010). 

 

There are many studies investigating the effect of exercise on appetite, hormonal and food 

intake parameters in male individuals (Fisher et al., 2001, Wasse et al., 2012, Christ et al., 

2006 and Elias et al., 2000), however, many less studies are conducted with female 

participants. This may be due to the confounding effect of the female menstrual cycle since 

such hormonal changes may result in alterations in energy intake and/or expenditure, as well 

as mood, irritability, depression, bloating and breast tenderness (Endrikat et al., 1997).  

Nonetheless, the studies reported in this thesis sought to examine appetite, hormonal, and 

food intake responses to exercise in lean and obese female participants. The first study 

(chapter 4) aimed to investigate the effects of an 8-week exercise training intervention 

between lean and obese individuals on body composition, endocrine adaptations, and 

compensatory responses. Within this, this study will be the first to examine the long term 

effects of exercise on ad libitum energy intake of inactive females, where subjects were naïve 

to the purpose of the study and recruited without wanting to lose weight. This study will also 

be the first to investigate the long terms of exercise on circulating amylin levels. Study two 

(chapter 5) aimed to investigate the effects of two exercise bouts of high- and low-intensity 

conditions of equivalent energy deficits on appetite regulating hormones for up to 1h post-

exercise in sedentary lean and obese females. Furthermore, we sought to explore whether 

divergent changes in appetite regulating hormone responses were associated with subjective 

feelings of appetite. 
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research has brought about a change in the view towards a more specific role of sugars, and 

liquid sugar intake in particular, in the development of obesity and T2DM on multiple levels 

(Lustig et al., 2012). Indeed, sugars can act at various levels, including changes in taste 

perception, nutrient absorption, metabolism, reward perception and behaviour into directions 

typically seen in obese and T2DM individuals. Moreover, high fructose content in drinks is 

shown to be highly associated with the development of obesity in epidemiological studies 

(Bray et al., 2004). In terms of metabolic alterations, the metabolic phenotype of skeletal 

muscle in obesity and T2DM is associated with an impaired capacity to increase fat oxidation 

upon increased fatty acid availability and to switch between fat and glucose as the primary 

fuel with a strong preference for glucose (Corpeleijn et al., 2009). A recent proteomic study 

found that enzymes related to glycolysis are upregulated and mitochondrial markers 

downregulated in insulin resistant and T2DM muscle (Giebelstein et al., 2012), confirming 

earlier studies finding reduced mitochondrial capacity in skeletal muscle of obese and T2DM 

(Morgensen et al., 2007; Befroy et al., 2007; Kelley et al., 2002). While this could be a later 

consequence of alterations in fat mass, there is evidence that sugar intake affects muscle and 

whole body metabolism preceding obesity. A recent study in our laboratory (Sartor et al., 

2012) found metabolic alterations on mRNA levels induced in skeletal muscle of lean 

subjects after a 4 weeks sugar sweetened soft drink supplementation matching the findings of 

Giebelstein et al. (2012) in their proteomic study. Moreover, we found that fasting substrate 

metabolism shifted from fat towards sugar and insulin sensitivity was reduced. Subjects 

gained fat mass while having the same total caloric intake. Using human and rabbit primary 

muscle cells and cell lines, it was also shown that increased sugar availability induces 

metabolic gene expression changes, increased glycolytic and lipogenic as well as reduced 

mitochondrial gene expression (Hanke et al. 2008; Hanke et al., 2011, Sartor et al., 2012). 

Sugar dependent transcription factors, MondoA and MondoB, were mainly responsible for 
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Figure 2.1.2. Hypothalamic nuclei involved in energy homeostasis (lateral view). ARC, arcuate 
nucleus (known as the infundibular nucleus in humans); PVN, paraventricular nucleus; VMH, 
ventromedial hypothalamus; DMH, dorsomedial hypothalamus; LH, lateral hypothalamic area; OC, 
optic chiasm (Neary et al., 2004). 

 

2.1.4. Peripheral regulation of appetite and energy intake 

Peripheral regulation includes the secretion of a variety of hormones from the gastrointestinal 

tract, adrenal glands, pancreas, and adipose tissue (Neary et al., 2004), enabling the body to 

regulate energy intake and expenditure. These various hormonal signals can be divided into 

tonic signals which deliver information pertaining to energy reserves such as insulin and 

leptin, as well as episodic signals, which fluctuate transiently in the acute state in response to 

a meal including amylin, pancreatic polypeptide (PP), peptide tyrosine-tyrosine (PYY), 

glucagon like peptide-1 (GLP-1), and appetite stimulating hormone ghrelin. 

 

2.1.5. Tonic signals 

Using a rat model, Kennedy (1953) first postulated that the hypothalamic control of food 

intake was regulated by a circulating factor providing information pertaining body fat stores. 

The two tonic signals focussed on within this literature review include insulin, and leptin, 
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with their roles in the chronic regulation of food intake, metabolic homeostasis, and body 

composition (Porte et al., 2005; Adami et al., 2002). 

 

2.1.6. Insulin 

Insulin, secreted from ß-cells of the islets of Langerhans located in the pancreas in response 

to changing plasma glucose concentrations, or via the insulinotropic effects of proteins 

(Akhavan et al., 2014), insulin concentrations have also previously been shown to increase 

with body fat mass even though insulin is not secreted from adipocytes (Woods & Seeley, 

1998). Administering insulin elicits a reduction in food intake and weight in rodent models 

(Air et al., 2002). Moreover, insulin administration functions on energy balance homeostasis 

by not only decreasing appetite, but increasing energy expenditure through sympathetic 

nervous system activity (Porte et al., 2005). Insulin is believed to induce its anorectic effects 

via the inhibition of NPY and AgRP neurones and concomitant stimulation of POMC 

neurones in the ARC of the hypothalamus (Murphy and Bloom, 2004). However, the 

anorexigenic effects of insulin may be reduced in obesity in a state of insulin resistance on 

the hypothalamus (De Souza et al., 2005), as with peripheral insulin resistance caused by 

excess adiposity (Schwartz & Porte, 2005).  

 

2.1.7. Leptin 

Leptin is the product of the ob gene and is produced and stored primarily in adipose tissue 

(Nam et al., 2001) acting as an adiposity signal, whereby basal circulating concentrations 

correlate with adiposity levels (Polonsky et al., 1998; Kahn and Flier, 2000). Leptin 

administration not only decreases appetite, but similar to insulin, increases energy 

expenditure through sympathetic nervous system activity (Zhang et al., 1994; Porte et al., 
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2005; Farooqi et al., 2002). Leptin exerts its anorexigenic effects in the ARC of the 

hypothalamus via direct inhibition of NPY and AgRP neurones and stimulation of POMC 

neurones (Sahu, 2003). It has been demonstrated that leptin secretion follows rises in plasma 

insulin concentrations, and decreases following falls in insulin during fasting (French and 

Castiglione, 2002). As such, dietary fat and fructose, which do not stimulate insulin secretion, 

lead to reduced leptin production, suggesting high-fat/ high-sugar diets may increase the 

susceptibility to weight gain (Havel, 2004). 

 

The importance of leptin in energy homeostasis regulation is emphasised by the observations 

that individuals with congenital leptin deficiency exhibit extreme childhood obesity and 

hyperphagia (Montague et al., 1997), and that the treatment of these individuals with 

recombinant leptin reverses this phenotype (Farooqi et al., 2002). Although, it must be noted 

that this is a very rare condition, and most obese individuals do not exhibit congenital leptin 

deficiency, but circulating leptin concentrations are within proportional amounts to the degree 

of fat mass (Considine et al., 1996), which may suggest a state of leptin resistance, similar to 

insulin resistance, thereby reducing the anorexigenic effects of this hormone (Munzberg et 

al., 2005). Nam et al. (2001) suggest that an impairment in the ability of leptin to cross the 

incomplete blood-brain barrier to the central nervous system is the key mechanism behind 

leptin resistance, putting forward the theory that the ratio of cerebrospinal fluid (CSF) to 

plasma leptin concentrations shifts in obesity so that an increase in the circulating hormone is 

not matched by an increase in CSF thus resulting in a reduced efficiency of leptin uptake to 

the CNS in obese individuals. It is yet unknown whether elevated concentrations of insulin 

sustained during obesity cause a resistance in the central signalling pathways. 
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ingestion, although the mechanisms mediating this effect are not known (Tschop et al., 

2000).  

 

Ghrelin exists in two forms, acylated (AG) and desacyl ghrelin (DG), whereby AG only 

makes up ~10% of total ghrelin but is thought to be the more active appetite stimulating form 

(Asakawa et al., 2005). This acylation is essential for ghrelin to bind to the growth hormone-

secretagogue receptor and to cross the blood-brain barrier (Murphy and Bloom, 2006). 

Acylated ghrelin concentrations are elevated by fasting, and suppressed by inversely 

proportional amounts to the calorific load of a meal once ingested, indicating that acylated 

ghrelin regulates the short-term control of the energy balance (Callahan et al., 2004).  

 

Ghrelin levels are decreased in human obesity, which may be due to the suppressive effect 

that insulin plays on ghrelin concentrations (Flanagan et al., 2003), since human obesity is a 

state characterised by hyperinsulinemia (Tschop et al., 2001). Furthermore, ghrelin levels are 

observed to increase following weight loss (Cummings et al., 2002), this may be part of a 

feedback mechanism by which body weight is regulated (McLaughlin et al., 2004).  

 

2.1.10. Peptide YY 

The hormone peptide tyrosine-tyrosine (PYY), named in reference to the presence of a 

tyrosine residue which has the amino acid abbreviation Y at each end of its molecular 

structure, is released into the circulation by endocrine L cells of the small and large bowel 

(Tatemoto & Mutt, 1980). PYY exists in two known endogenous forms: intact 36 amino acid 

peptide PYY1-36, and the truncated 34 amino acid peptide PYY3-36, the more predominant 
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form in the circulation (Neary et al., 2004). Feeding is the predominant factor in PYY 

secretion, released into the circulation in a nutrient-dependent manner, concentrations rise 

~15 minutes following ingestion and peak values occur ~1-2 hours after completion of the 

meal and remain elevated for up to 6 hours (Adrian et al., 1985). Interestingly, the initial 

postprandial rise in PYY concentrations occurs prior to the nutrient sensing of the L-cells in 

the gastro-intestinal tract, thus suggesting a neural or hormonal mechanism for the initial 

release (Adrian et al., 1985).  

 

The intravenous administration of PYY has demonstrated delayed gastric emptying and 

elicits anorectic responses suppressing food intake via receptors located in the hypothalamus 

(Neary et al., 2004). Batterham and colleagues (2002) observed a reduction in food intake of 

33% when PYY3-36 was administered via intravenous infusion, compared to a saline control, 

over a 24-hour experimental period. It has been observed that obese individuals have lower 

fasting plasma PYY concentrations than lean subjects (Batterham et al., 2002), however, the 

same relationship does not occur for PYY3-36 (Pflugeret al., 2007); therefore, it seems 

unlikely that a PYY deficiency contributes to the genesis of obesity. The anorectic effects of 

PYY are thought to be mediated primarily by Y2 receptors (Y2R) in the ARC of the 

hypothalamus (Karra & Batterham, 2010), a mediating influence that would explain the 

greater appetite suppressing potency of PYY3-36 compared with PYY1-36 (Sloth et al., 2007). 

The binding of PYY to Y2R appears to suppress appetite by inhibiting NPY neurones, which 

decreases orexigenic signalling and disinhibits POMC neurones to increase anorexigenic 

outputs (Batterham et al., 2002; 2006).  
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Recent research has suggested that PYY may exert influence on appetite and food intake via 

brain reward centres. Batterham et al. (2007) utilised blood oxygen level-dependent magnetic 

resonance imaging to demonstrate that PYY3-36 infusion produced the largest change in brain 

activity in regions implicated in reward processing, such as in the left caudolateral orbital 

frontal cortex (OFC). Interestingly the change in OFC signalling explained 77% of the 

variance in caloric intake after PYY3-36 infusion, suggesting that PYY may suppress energy 

intake by decreasing the rewarding aspects of food.  

 

In addition, PYY appears to influence long-term energy homeostasis. In lean individuals, 

PYY responds to chronic changes in energy balance with postprandial increases in circulating 

concentrations, a response blunted in obese individuals, resulting in reduced postprandial 

satiety levels (Batterham et al., 2003; 2006). The mechanisms underlying a blunted PYY 

response in obesity is unclear, but rodent studies suggest that circulating concentrations are 

suppressed as a result of impaired postprandial secretion, rather than synthesis, of PYY 

(leRoux et al., 2006). Regardless of the mechanisms mediating this effect, a blunted PYY and 

satiety response to meal ingestion may contribute to obesity. 

 

2.1.11. Amylin 

Amylin is a 37-amino acid peptide that is co-secreted with insulin from ß-cells of the islets of 

Langerhans located in the pancreas in response to a meal (Qi et al., 2010). Amylin 

concentrations rise several-fold in response to a meal, peaking after ~1hour and remaining 

elevated for up to 4hours post-meal (Roth et al., 2009).  Amylin receptor agonism suppresses 

appetite (Pullman et al., 2006), slows gastric emptying (Smith et al., 2008), and reduces 

postprandial glucagon release in a glucose-dependent manner (Roth et al., 2008). Amylin 
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reduces the rate of glucose release into the bloodstream for insulin to pertain a more 

controlled glucose homeostasis. Indeed, blockade of administration of the amylin antagonist 

AC187 increases food intake, elevates circulating glucagon levels, quickens the gastric 

emptying rate, and elevates glycaemia following oral glucose ingestion (Riediger et al., 2004; 

Gedulin et al., 2006).  

 

2.1.12. Appetite hormones and hedonic response 

The hedonic system is associated with the rewarding aspects of food involved in the 

maintenance of energy balance (Lutter and Nestler, 2009). Van Vugt (2010) highlights that 

even in the presence of homeostatic signalling that indicates satiety has been reached, the 

smell or taste of food can override these signals to initiate feeding, demonstrating the great 

importance of the hedonic system in regulating food intake. Furthermore, utilising brain 

imaging methodology, Gibson et al. (2010) demonstrate that ghrelin and can stimulate the 

sites in the brain that are associated with reward-driven eating. Furthermore, using functional 

magnetic resonance imaging, Batterham and colleagues (2007) have shown that infusion of 

typical postprandial concentrations of PYY3-36 in normal weight volunteers modulates 

neuronal activity not just in the hypothalamus but also in regions of the brain involved in 

reward processing. Thus it is likely that PYY exerts its anorexigenic effects by acting on both 

homeostatic and hedonic brain circuits (Batterham et al., 2007). Collectively, these studies 

demonstrate the acute regulation of food intake by circulating hormones is not limited to 

effects on homeostatic brain sites, but also encompass aspects of hedonic regulation of food 

intake. 
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2.4. Long-term exercise and appetite hormones 

2.4.1. Leptin 

Leptin concentrations do not seem to be influenced by chronic exercise bouts in the absence 

of weight loss. In the long-term, Kraemer et al. (1999) investigated 9 weeks of aerobic 

exercise training, the findings from both studies confirmed that the exercise had no influence 

on fasting leptin concentration. These findings however are not surprising considering the 

exercise program did not elicit a reduction in adiposity. Indeed, Ozcelik et al. (2004) utilised 

a 12-week aerobic exercise period which did result in decreased fat mass, with a concomitant 

reduction of plasma leptin of the same relative magnitude. These studies indicate that 

decreases in leptin following exercise programs are dependent upon fat mass loss, however, it 

has been proposed that an exercise intervention that causes improvements in insulin 

sensitivity may alter leptin levels independently of changes to fat mass (Martins et al., 2008) 

due to changes in insulin and cortisol levels which are known to modulate leptin synthesis 

(Considine, 1997), however, this is not a consistent finding in the literature (Hagobian et al., 

2009).  

 

2.4.2. Ghrelin 

In long-term exercise studies, fasting total ghrelin concentrations are shown to increase 

providing weight loss occurs, with an inverse correlation with body weight TG (Cummings et 

al., 2002). For instance, Forster-Schubert et al. (2005) demonstrated that weight loss induced 

by a 1-year exercise intervention (45min, 5d/wk, 60-75% HRmax) significantly increased 

ghrelin concentrations, suggesting an adaptive response to weight loss acting in a negative 

feedback loop to regulate body weight. Indeed, it is accepted that in the absence of weight 

loss exercise has no significant effect on the fasting plasma levels of total ghrelin in lean 
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receptors, and their endogenous ligands (i.e. anandamide) are implicated in the reward system 

(Saper et al., 2002). The central and peripheral administration of anandamide has increased 

appetite in rodents which seemed to be related to alterations in incentive desire for palatable 

foods (Kirkham and Williams, 2001). Furthermore, the cannabinoid system interacts with 

homeostatic processes in many ways, leptin signalling becomes defective when hypothalamic 

endocannabinoid levels are high (Marzo et al., 2001), furthermore cannabinoid receptors can 

be found on adipocytes, which may act to directly increase lipogenesis (Cota et al., 2003). 

Moreover, the reward system works together with appetite-controlling neurones that 

upregulate the expression of peptides that drive hunger such as NPY and orexins while 

concomitantly inhibiting signals from satiety peptides from circulating hormones insulin, 

leptin and cholecystokinin, which results in the ability of highly palatable food to initiate 

eating via a reward system, rather than by a biological need for energy (Finlayson et al., 

2007). In addition, direct and indirect projections from the accumbens to the hypothalamus 

may explain the ability for mesolimbic processes triggered by environmental cues and 

incentives to hijack the homeostatic regulatory circuits and up-regulate energy intake 

(Berthoud, 2004). The above studies are clear documentation that homeostatic and hedonic 

systems are inseparable, rather than separate processes.  

 

Changes in food reward have been implicated in exercise-induced compensatory eating 

behaviour. Finlayson and colleagues (2009) observed that following 50 minutes of cycling, 

lean women who overconsumed relative to the energy cost of exercise exhibited increased 

wanting for food compared to those who did not exhibit post-exercise compensatory eating. 

However, the underlying mechanisms of food reward, and the physiological correlates of 

exercise-induced changes in food reward, are poorly understood. Most research studies 

investigating differences in explicit and implicit attitudes towards food in lean and obese 
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as a result (Yoshioka et al., 2001). For this reason, it seems logical that those who partake in 

vigorous exercise more regularly display lower levels of subcutaneous adiposity (Tremblay et 

al., 1990). However, when energy expenditure is matched between moderate and vigorous 

intensity exercise interventions, little difference in the effects on weight loss has previously 

been observed (Nicklas et al., 2009). Although, where no differences were detected in weight 

loss, considerable and significant improvements in cardiovascular fitness following high 

intensity exercise but not low intensity were seen (Nicklas et al., 2009). Greater benefits of 

high intensity exercise have also been reported in clinical populations, in a study with obese 

women with metabolic syndrome, high intensity exercise was found to more effectively 

reduce abdominal fat, subcutaneous fat and abdominal visceral fat (Irving et al., 2008). In a 

further study with overweight elderly adults, no change in body mass was present but a 

significant reduction in visceral adiposity was still observed following a 12-week high 

intensity intervention (Coker et al., 2009). In contrast, no change was seen in the low 

intensity group giving further evidence towards the greater health benefits of high intensity 

exercise. 

 

Despite the above benefits of high-intensity exercise, lower attrition rates have been reported 

in lower intensity exercise interventions. Nicklas et al. (2009) observed group attrition rates 

of 11.1% and 26.7%, following a moderate and vigorous intensity exercise intervention 

respectively, demonstrating a greater level of compliance in those participants following the 

lower intensity programme. This finding is important as it illustrates that sedentary, 

overweight/obese individuals are more likely to participate in a low intensity exercise 

programme for longer, leading to a healthier and more balanced active lifestyle in the long 

run. In addition, low intensity exercise has been associated with higher rates of fat oxidation 

during exercise, promoting changes in body composition by increasing fat loss. In a 3-week 
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residential weight management study with obese adolescents and energy restriction, 

participants following a low intensity exercise program experienced significantly greater 

losses in body mass and fat mass than those following the high intensity program due to 

increased fat oxidation (Lazzer et al., 2011). Although these results help to promote low 

intensity exercise, this study was just 3 weeks long and in studies with longer interventions 

and obese adults these findings have not been replicated (Kanaley et al., 2001; Potteiger et 

al., 2008), suggesting these effects may only be present at the onset of exercise or perhaps 

limited to the younger population.  

 

Additionally, a limitation with the research concerning exercise intensity is the variation in 

classification of intensities, lactate threshold, VO2max and HRmax are all used interchangeably 

between studies. Moreover, the use of energy restriction in some studies and not in others can 

make drawing conclusions problematic. Overall, taking into account the benefits of high 

intensity exercise and the important issue of compliance, exercise interventions for the 

sedentary, overweight/obese must balance these factors to achieve the greatest health benefits 

and compliance of participants.  

 

2.6.2. Effects of exercise duration 

Another important aspect of exercise interventions which must be taken into account is 

duration, where exercise volume and energy expenditure can be altered to influence body 

weight regulation. In many cases, a dose-response relationship between exercise duration and 

weight loss has been documented in healthy individuals (Ross & Jansen, 2001; Ohkawara et 

al., 2007), it is clear that by increasing exercise duration, more change can be expected in 

body composition. This relationship has also been observed in intervention studies with 
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overweight individuals, regardless of age, gender and exercise intensity (Grediagin et al., 

1995; Jeffrey et al., 2003; Irving et al., 2008; Church et al., 2009; Coker et al., 2009; Niklas 

et al., 2009; Jakicic et al., 2011; Lazzer et al., 2011). Furthermore, a dose-response 

relationship is also seen in clinical populations independent of intensity, greater body fat 

reduction was observed after high volumes of activity in overweight patients with 

dyslipidaemia (Slentz et al., 2004). 

 

Of course, the dose-response relationship is dependent on energy intake. An increase in 

energy intake and an associated decrease in energy expenditure outside of exercise 

intervention has previously been reported in overweight women. Church et al. (2009) go as 

far as to suggest high volumes of vigorous activity can be counterproductive, inducing less 

change in body composition than those including far less volumes of exercise because of such 

compensatory mechanisms. However, it is often difficult to detect compensatory responses to 

exercise due to the inherent problems associated with energy intake and self-reporting. 

Nevertheless, it is evident that increasing exercise duration will inevitably promote weight 

reduction but one must be cautious of the possible compensatory responses often seen in 

overweight or obese populations, to yield positive results.  

 

2.6.3. Types of exercise 

Modality is a further consideration which may alter the effect of an exercise intervention, 

exercise can be prescribed in either a continuous or intermittent fashion, where overall 

volume is kept constant. In a study with overweight females, where continuous and 

intermittent exercise interventions were directly compared and duration was matched over 12 

weeks, no difference in weight loss was observed (Schmidt et al., 2001). Additionally, after 9 
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2.6.4. Length of interventions 

As previously mentioned, a dose-response relationship exists between exercise and body 

weight reduction (Ross & Janssen, 2001; Ohkawara et al., 2007) and in most medium term 

interventions this is clearly demonstrated, however, the two do not seem to be as strongly 

linked following long term interventions (Miller et al., 1997). Statistically significant weight 

loss is often achieved by medium term interventions but in most cases, it is not large enough 

to be meaningful to clinical populations. Moreover, longer-term interventions often have 

issues with compliance making body weight reduction difficult to achieve. For this reason, 

most intervention studies are shorter in duration and focus more on moderately obese, 

middle-aged participants, as these are less likely to dropout (Miller et al., 1997). 

Additionally, long term interventions are far less in number because of their intensive nature 

and high attrition rates, of which, 20% or more is frequently reported (Franz et al., 2007).  

 

Medium term exercise interventions with the overweight/obese, often 3-4 months in length 

and with high amounts of aerobic exercise, can result in relatively large losses in body weight 

(Leon et al., 1979; Bouchard et al., 1990). Although, upon closer inspection the predicted 

weight loss, calculated from exercise energy expenditure, can be far greater than the actual 

weight loss, only 50% of predicted where no compensatory rise in self-reported energy intake 

was witnessed (Leon et al., 1979). However, when energy intake is more tightly controlled, 

with the use of a residential experimental design, 100% of predicted weight loss can be 

achieved (Bouchard et al., 1990). The increased likelihood of weight loss comes at a price 

nonetheless, with the cost of such experiments, only very small sample sizes are feasible. In 

contrast, where are more realistic approach is used higher samples can be obtained but the 

attrition rate can also be higher. 
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Medium term interventions do not always result in body fat/weight loss, even where exercise 

energy expenditure was sufficient to achieve negative energy deficit. In spite of this, self-

reported energy intake is still usually reduced in these studies (Barwell et al., 2009), pointing 

towards inaccurate energy intake data. Moreover, further interventions studies which failed to 

achieve weight loss, report alterations in physical activity outside of the exercise intervention, 

once again preventing positive outcomes from exercise (Manthou et al., 2010). Both factors 

seem to add evidence to the presence of compensatory mechanisms present in 

overweight/obese populations, which obstruct any potential weight loss from changes in 

physical activity. Consequently, evidence suggests that medium term interventions do display 

moderate success in promoting body weight reduction but the responses to exercise can have 

a high degree of individual variability. 

 

Long-term interventions, in excess of 6 months and often a year or more in length, in contrast 

to medium term interventions, do not portray exercise as a very effective method of weight 

loss, often very little change in body composition is reported. In a 6-month study with obese 

men and women, fat mass was reduced by only 3kg, following a low intensity intervention 

(Bjorntorp et al., 1973). However, exercise energy expenditure was not measured so results 

cannot be compared to expected change. In a further study with overweight men and a 6-

month exercise intervention, energy expenditure was tracked this time but once again only 

modest weight loss was seen, 40% of expected values in fact (Turner et al., 2010). 

Additionally, following a moderate intensity exercise intervention with overweight women, 

body mass declined by only 0.5kg in 3 months and 1.4kg after 12 months (Foster-Schubert et 

al., 2005). Even when a higher volume of exercise was used in the same population, similar 

findings were observed (Bjorntorp et al., 1973). Moreover, in a study where body mass 

reduced but not significantly after 3 months of exercise, after an additional 6 months this 
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small reduction was regained. Further investigation by the authors revealed that the 

participants with the lowest body fat, demonstrated the greatest fat loss and participants with 

the highest actually gained body fat (Spalding et al., 2008).  

 

However, outcomes following long-term interventions are not always so bleak, significant fat 

loss and wider health improvements have been reported. A yearlong moderate intensity 

exercise intervention with overweight men, significantly reduced fat mass by approximately 

4kg, in two studies performed by the same research group (Fortmann et al., 1988; Wood et 

al., 1988). Although this fat loss may seem modest, participants also displayed significant 

improvements in blood pressure and lipid profile. In addition, similar improvements were 

seen in health markers when energy restriction was employed in place of exercise, suggesting 

benefits are primarily associated with reductions in fat mass not by exercise alone. 

Furthermore, significant fat loss after one year was observed in lean and overweight men and 

women following an exercise intervention, where exercise energy expenditure was monitored 

and designed to bring about a deficit of 20% by the end of the intervention (Weiss and 

Holloszy, 2007). In parallel to the exercise intervention, a separate energy restriction trial was 

run and although similar fat losses were reported, a concomitant loss of lean mass was 

observed. The relative success of this intervention is likely due to the measurement of energy 

expenditure, which induced a controlled energy deficit and along with the maintenance of 

lean mass, outlines some key recommendations for lifestyle interventions. 

 

2.7. Exercise in lean versus obese individuals 

It has been acknowledged that the obese population tend to have an impaired ability to 

oxidize fat during rest and exercise. A study by Ranneries et al. (1998) comparing formerly-
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oxidation at the mitochondrion is unknown, it appears that these proteins are involved in not 

only transporting long-chain fatty acids into the muscle cell, but also into the mitochondrion, 

as highlighted by the good correlation between FAT/CD36 at the mitochondrion and the rate 

of fatty acid oxidation during exercise (Holloway et al., 2006). 
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Chapter 3: General Methods 

The following chapter describes the general methodology commonly applied in the studies 

within this thesis. The current thesis comprises two experimental studies. Methods specific to 

each study are not reported here and they will be presented separately in each of the pertinent 

studies. 

 

3.1. Participant recruitment and subjects   

All participants were recruited from within Bangor University email system intranet (emails, 

discussion forums and the notice board) and the general public by posters, leaflets and/or 

word of mouth (Appendix 1 for Chapter 4; Appendix 2 for Chapter5). Full written 

information was given to potential study participants, who expressed an interest in taking part 

in the study via phone or email; this provided information regarding the purpose of the study, 

the experimental procedures and any potential risks or discomfort that could be experienced 

(Appendix 3 for Chapter 4; Appendix 4 and 5 for Chapter 5). Following this, participants 

were given verbal explanation of the experimental procedures and provided with the 

opportunity to ask any questions. Each participant then signed a statement of informed 

consent (Appendix 6 for Chapter 4; Appendix 7 for Chapter 5) and completed a health 

screening and physical activity questionnaire (Appendix 8 for Chapter 4; Appendix 9 for 

Chapter 5) for the assessment of our inclusion criteria. In both studies, after completion of 

baseline measures, L and OV/OB participant were primarily assigned to either a HI or a MI 

group in a random order. Randomisation was performed by allocating a particular number to 

each participant, and the numbers were placed in a sealed envelope. Then the numbers were 

singled out haphazardly. We had an equal distribution of HI and MI in each group. 

Participants were recruited to the study only if they met the following criteria: 
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i) Female sedentary, here defined as not being involved in regular strenuous physical 

activity more than one time per week or light exercise more than 20 minutes a day, 3 

days per week (Martins et al., 2010). 

ii) Aged 18-40 years old. 

iii) Not pregnant. 

iv) Non-smoker. 

v) Without any cardiovascular, metabolic, or pulmonary disease, such as diabetes 

mellitus, hypertension etc. CVD or DM absence was determined by self-report health 

questionnaire. 

vi) Not on weight reducing diet/therapy/nutritional supplements. Nutritional 

supplements as protein, creatine, or specific diet products (For Chapter 4). 

vii) Participants who express no intention to lose weight (For Chapter 4). 

viii) Classified as either lean (BMI: 18 to 24.9 kg/m2) or overweight/obese (BMI: 25 

to 39.9 kg/m2). 

 

Grouping of lean and overweight/obese subjects was performed according to generally 

accepted BMI criteria (Shah and Baverman, 2012). The mean BMI of the overweight/obese 

group was 30.27±3.66; therefore, according to the BMI criteria, our mean represents an obese 

subject group. The term overweight/obese is used due to the inclusion of participants who 

have been close to the border of BMI 30; therefore, we use the broader term. 
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was conducted in the early morning (between 7.00 am and 9:30 am) following 12 hours 

overnight fast, controlled temperature (19-20°C), with minimal ambient noise interference to 

provide a calm and quiet atmosphere, while the participant listened to classical music via 

headphones. The measurement was performed in a supine and comfortable position for 30-

mins while electro-cardiography (ECG) was monitored during the test for preliminary 

screening purposes, (heart rate, heart rhythm) and not recorded. Additionally, resting heart 

rate (HR) values were recorded throughout the test. Prior to the testing participants were 

fitted with a polar coded transmitter and receiver (Polar F1 - Polar Electro Oy, Kempele, 

Finland). Furthermore, the participants were monitored throughout the measurement to 

ensure that sleeping did not occur. 

 

3.5. Test meal 

A test meal was conducted to measure postprandial response of glucose and appetite-related 

hormones for the 8 week investigation (Study 1) along with subjective appetite rate response 

for the bout investigation (Study 2). Participants were given a liquid test meal (Resource® 

Energy, Nestle Healthcare Nutrition) consisting of 300 kcal, 42g of carbohydrates (of which: 

sugars 11.4g; lactose <1.0g), 10g of fat (of which: saturates 1.4g; monosaturates 3.8g; 

polyunsaturates 4.6g), and 11.2g of protein. This test meal was chosen to avoid variability in 

intake composition and processing known from other test meal paradigms. Participants were 

informed to consume the test meal as soon as possible and the exact time of consumption was 

recorded for subsequent measurements. 
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sensitivity (%S) by calculating fasting plasma insulin (µIU/mL) x fasting plasma glucose 

(m.mol-1) (Wallaceet al., 2004). All sample measurements were performed in duplicate. Any 

values out of range, meaning either, a) samples contained no, or below detectable levels; or, 

b) samples containing concentrations greater than the highest standard point available, were 

discounted from the final data analysis 

 

It should be noted PYY3-36 concentrations were measured using ELISA kit (Phoenix 

Pharmeceuticals; Karlsruhe, Germany). The measured values were all outside the expected 

range being above the expected value of measurements taken from alternative testing kits 

(King et al., 2011 and Deighton et al., 2013). Therefore, cross reactivity of the assay with 

other plasma proteins could not be excluded and the data are not reported in this thesis 

accordingly. 

 

3.8. Preparation of plasma for ghrelin analysis 

Plasma samples intended for total and acylated ghrelin determination were removed from -80 

oC storage. After thawing plasma samples (200 µl plasma for each) were treated with 2.5µl 

PMSF (phenylmethanesulfonylfluoride) solution (250 µM) to prevent protease degradation 

(Hosoda, Doi et al. 2004). Following this, 200 µl of treated plasma was added to new vials 

with 10 and 20 µl HCL for measurement of total and acylated ghrelin respectively. After the 

addition of HCL all samples were centrifuged for two minutes at 19064 x g. Finally, total 

ghrelin samples were ready to use but acylated ghrelin samples were further diluted 1:5 with 

assay buffer (50 µl plasma 200 µl assay buffer) prior to following the rest of standardised 

ELISA procedures. 
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Chapter 4: Effects of an 8-week Supervised Exercise Intervention on Appetite, 

Metabolic and Food Intake in Overweight/obese and Lean Sedentary Females 

4.1. Introduction 

The current obesity epidemic has been growing at such a rapid rate that the World Health 

Organization (WHO) has formally recognised it as a global epidemic, being particularly 

prevalent amongst women (WHO, 2015). Current statistics reveal that > 1.9 billion adults are 

overweight, and >600 million are reported clinically obese, as a result of prevalence in the 

UK increasing threefold since 1980 (World Health Organisation, 2015). The health 

implications of excess adiposity have been well documented, predisposing individuals to a 

greater risk of numerous co-morbidities such as; type II diabetes mellitus, hypertension, 

coronary heart disease, osteoarthritis, respiratory problems and cancers of breast, 

endometrium, prostate and bowel (Neary et al., 2004), with one or more conditions currently 

suffered by ~80% of obese adults (Must et al., 1999). As the prevalence of obesity continues 

to rise globally, effective strategies are needed to facilitate weight control, emphasized by the 

fact that even modest weight loss is capable to significantly reduce the risks of morbidity and 

mortality of overweight and obesity (Murphy and Bloom, 2004). 

 

Exercise is repeatedly recommended as an effective means to tackle the obesity phenomena 

(Donnelly et al., 2009). However, as previously discussed, although an exercise program 

accompanied by ad libitum dietary control often results in weight loss (Ross et al., 2000; 

2004), the magnitude of weight loss achieved is lower than the expected weight loss from a 

particular exercise program (Leon et al., 1979). Furthermore, individual variability is present 

in body weight changes following exercise training, highlighting the need for more 

individualised training programs (King et al., 2007, 2008; Barwell et al., 2009). Possible 
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over the potential bias towards weight loss in studies of this nature. The study hypotheses are 

as follows; 

Hypotheses: 

Weight/BMI changes 

1. Overweight/obese and lean females would regulate their body weight successfully 

leading to no weight/BMI change after the training intervention 

 

Appetite hormones 

1. We hypothesize that there will be no change in fasting or postprandial ghrelin 

concentrations for both lean and obese groups following the 8-week intervention. 

2. We hypothesize that there will be no change in fasting or postprandial insulin 

concentrations for both lean and obese groups following the 8-week intervention. 

3. We hypothesize that there will be no change in fasting or postprandial leptin 

concentrations for both lean and obese groups following the 8-week intervention. 

4. We hypothesize that a significant decrease in fasting and postprandial amylin 

concentrations will occur in the obese group, and either no change, or an increase in 

amylin concentrations in the lean group, following the 8-week intervention. 

5. We hypothesize that a significant decrease in fasting and postprandial PYY 

concentrations will occur in the obese group, and either no change, or an increase in 

PYY concentrations in the lean group, following the 8-week intervention. 

 

 



   76 
 

Individual variability 

1. We hypothesize that the lack of weight loss in the groups will include a large degree 

of inter-individual variability. 

 

Hedonic hypothesis (IAT and EAQ) 

1. We also hypothesize that there would be higher implicit attitude scores towards high-

fat and high-sugar foods in response to exercise in the obese group as compared to 

lean group at post-test.  

2. It was also hypothesized that there would be higher explicit attitude scores towards 

low-fat and low-sugar foods in both groups. 

 

Correlation between attitude, body composition and hormones 

1. It is hypothesized that there exists a significant positive correlation between change in 

IAT and change in fat mass. 

2. Whereas a significant negative correlation between fat intake and EAQ score for low-

fat foods is predicted. 

3. We hypothesize a significant positive correlation between ghrelin concentrations and 

implicit and explicit wanting and liking for high fat foods. 
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request for participants to keep and record the food diary, as mentioned in the study design, 

the participants were informed that food records were needed because of potential effects of 

diet nutrients on CV performance and cognitive function. 

 

The participants were provided a food record sheet and were instructed on how to complete 

(Appendix 14). The participants were required to record, the type, brand name, quantity, the 

location of eating (e.g. restaurants) and timing of their food intake and drink items for the 

whole week pre-testing period and during 8 weeks training intervention (3-day food diary 

randomly assigned days including two weekdays and one weekend day) throughout the 8-

week duration of the exercise intervention) and a whole week following the completion of the 

study using food record sheets using standardised instructions (Gibson, 2005). To facilitate 

and standardize portion size estimates the recording; participants were given a set of 

measuring cups in order to promote accuracy and reliability of the food intake recording. The 

participants were asked to return filled food record sheet at the end of each week, rather than 

at the end of the study. Quantitative data was provided by diet diaries, noting the eating 

behaviour of individuals and assisted in assessing the alterations in food choice and that may 

have occurred over the time period of the program, in addition to energy intake, 

macronutrient and any possible changes resulting from the intervention. The diet diaries were 

monitored weekly whether participants started a diet which led to exclusion of 1 L and 1 

OV/OB data set. 

 

Energy intake and macronutrient composition were analysed by the United States Department 

of Agriculture, National Nutrient Database for Standard Reference (http://ndb.nal.usda.gov/) 

and the Tesco Supermarket online database (http://www.tesco.com/groceries/) as these 

http://ndb.nal.usda.gov/
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Figure 4.3.3. Participants characteristics (BMI, body mass index; weight; fat mass; and lean mass) at 
baseline and following 8-week intervention. 

 

4.3.4. Energy intake, expenditure and balance 

The weekly diet diaries, obtained from participants across the 8-week training intervention, 

were proposed to measure macronutrient intake, and total energy intake (kcal/d). 

Macronutrient intake was calculated based on diet diaries. However, unexpectedly primary 

analysis of the diet diaries revealed that there was no significant correlation between weight 

change, energy balance, macronutrient intake or total caloric intake, where RMR and exercise 

energy expenditure were used to calculate energy balance. Therefore, a degree of 

underreporting which has previously been documented in both genders, lean and obese 

subjects (Bandini et al., 1990) was hypothesised. Furthermore, due to large discrepancies 
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Figure 4.3.13. Individual BMI response to exercise in A) lean and B) overweight/obese individuals. 
BMI, body mass index. 
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4.4. Discussion 

4.4.1. Introduction 

The aim of the current study was to investigate the effects of an 8-week exercise training 

intervention between lean and obese populations on body composition, endocrine 

adaptations, hedonic responses and compensatory responses in females. The lean and 

overweight/obese females who were naive to the aims and objectives of the trial and 

participants who expressed an interest to lose weight had been excluded from the study. To 

our knowledge, this is the first study which tried to achieve an ad libitum situation for 

participants facing negative energy balance via exercise whilst avoiding the influence of 

internal motivation to lose weight and expectations about outcomes. 

 

4.4.2. Weight/BMI response to exercise 

It was found that the intervention did not lead to significant weight loss/BMI change in both 

OV/OB and L groups (See Figure 4.3.3 and Table 4.3.3). This finding is consistent with our 

first hypothesis and we interpret this as indicative of intact weight regulation, even in 

overweight/obese individuals, if exposed to exercise training. This outcome, considering the 

mean weight changes, as well as individual responses to exercise, are in contrast to results 

which have been published before. King et al. (2007) utilised a design where individuals 

were recruited without concealing the study aims and not excluding individuals with 

motivation to lose weight, reporting a considerable weight loss with high variability among 

overweight/obese participants with outcomes skewed towards weight loss; outcomes which 

are in contrast to our study where gainers and losers are in balance in both OV/OB and L 

groups. This suggests that BMI/weight alterations in conventionally designed studies may 

rather reflect different restrained eating behaviour based on weight loss motivation and self-
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exercise intervention in obese children for 14 days but the investigation was aimed on 

markers of metabolic health and inflammation and was combined with diet induced weight 

loss. Additionally, acute responses to exercise bouts with a reduction of amylin after 

prolonged exercise bouts (Kraemer, Francois et al., 2011) and increase in higher intensity 

bouts (Kraemer, Acevedo et al., 2002) were recently shown. Smith et al. (2007) previously 

demonstrated that amylin-analogue pramlintide administration produced weight lowering 

effects in obese individuals by a reduction in daily food intake, portion sizes, and binge-

eating tendencies. Therefore, it would be logical to assume that a reduction in amylin 

concentrations would result in larger meal sizes, more between meal snacks, and therefore 

increased daily energy intake. However, in the current study, food intake did not significantly 

change across time, as assessed by 3-day diet diaries (See Table 4.3.4.1). The contradiction 

between hormonal adaptation and daily food intake observed may be explained by the 

limitations in obtaining accurate measurements of food intake during ad libitum studies. For 

instance, the introduction of dietary intake methodology can in itself alter dietary habits, at 

least in some individuals (Bingham, 1991; Stallone et al., 1997). Furthermore, self-reported 

diet diaries rely on the compliance of the individual to record everything consumed, whilst 

not changing typical eating habits (Elia et al., 2003). As such, it may be that our participants 

misreported the diet diaries, especially in the OV/OB group, since obese individuals are 

known to have under-reported food intake by as much as 30% (Lichtman et al., 1992). Thus, 

our novel finding, that amylin is reduced following exercise training in OV/OB individuals, 

may be a homeostatic defence mechanism to protect against a negative energy balance, which 

may explain why despite the increased energy expenditure yielded (~3324.66 ± 1060.38), we 

were unable to induce weight/fat loss following the 8-week intervention. 
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and leptin are shown to share important functions in the hindbrain and hypothalamus. It is 

suggested that amylin enhances leptin signalling and lead to transient alteration of leptin 

responsiveness threshold (Trevaskis, Lei et al., 2010). In consequence, in our study, 

decreased amylin levels (postprandial and fasting) could increase leptin responsiveness 

threshold in OV/OB participants and would have led to compensatory energy intake in 

response to exercise training. Our model predicts that participants who have a combination of 

high levels of leptin and low postprandial levels of amylin would gain weight during exercise 

training, and consequently would have overcompensated the exercise induced negative 

energy balance via energy intake. Regarding lean participants, with the limitation of numbers, 

we could establish that postprandial PYY explains a substantial proportion of the variability 

of BMI changes (39%) which was not seen in the OV/OB group. This finding is an 

agreement with the frequently reported importance of weight regulation via PYY in lean 

people (Manning, Batterham, 2014). 

 

Regarding the need of body composition changes, in particular fat loss, our study shows in 

agreement with other studies (Bryner, Toffle et al., 1997, Irving, Davis et al., 2008) that 

higher intensities are beneficial for fat loss but that energy intake is the dominant factor if 

energy expenditure is clamped. Our model would therefore predict that a combination of high 

intensity exercise with diet restriction would yield in the best reduction in fat mass. 

 

4.4.6. Hedonic response to exercise 

We hypothesised that there would be higher implicit attitude scores towards high-fat and 

high-sugar foods in response to exercise in the obese group as compared to lean group at 

post-test. However, neither the L nor OV/OB participants significantly changed their implicit 
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attitude toward high-fat, low-fat foods nor high-sugar, low-sugar foods from baseline to post-

intervention (See Tables 4.3.14), although explicit attitude scores towards low-fat food was 

significantly different between the groups, with lean groups significantly higher than 

compared to the OV/OB group (See Table 4.3.16.2, and Table 4.3.16.1, respectively). This 

data suggests that the obese group had a higher liking and wanting for high-fat energy dense 

foods than their lean counterparts, however, this was not found to be the case, as there were 

no significant changes in explicit attitude scores for high-fat, high-sugar and low-sugar foods. 

Overall, this suggests that implicit attitude is not associated with weight loss in this study, 

and therefore does not seem to be important for the variance of weight gain and loss in either 

group. 

 

4.4.7. Correlation between hormones and attitude measures 

 

In our findings, ghrelin was correlated to an increased wanting for high fat foods (See Table 

4.3.16.1). This is an anticipated finding since higher ghrelin concentrations are associated 

with an increase in hunger, and therefore when people are hungrier it seems logical that they 

are more likely to desire high-fat, high-calorie, energy-dense foods to satiate their hunger. 

This finding supports the notion of intermittent snacking for weight loss, rather than feasting 

on a large meal in the evening, which would make an interesting future study in these 

populations. It is possible that by snacking throughout the day, ghrelin concentrations will be 

suppressed, and this will be reflected in the food choices made, with the scope of lower fat 

lower calorie consumption. 

 

 











   118 
 

Considering this, in the current study we attempt to capture the hedonic drive to eat, in 

addition to homeostatic parameters, therefore instead of using a general test for hunger such 

as the visual analogue scales, we will obtain dimensions of FCQ-T, and FCQ-S which assess 

features of food cravings that are stable across time, and temporary state-dependent cravings, 

respectively (Cepeda-Benito et al., 2001). This will aid us in our aim to identify whether 

there is a discrepancy between physiologic drives and hedonic drives in response to exercise 

that is not possible with a more general test for hunger seen in many other studies and to 

further explore whether divergent changes in appetite regulating hormone responses are 

associated with subjective feelings of appetite measured using FCQ-T and FCQ-S and 

implicit and explicit attitudes towards specific food preference (high-fat, low-fat, high-sugar, 

low-sugar). The study will assess the effects of two separate exercise bouts of high- and 

moderate-intensity conditions, of equivalent energy deficits, in obese and lean sedentary 

individuals on metabolic (blood glucose), lipaemic (blood lipid profile) and appetite-related 

hormone parameters (insulin, leptin, total ghrelin, acylated ghrelin, and amylin).  

 

Hypotheses: 

Appetite hormones 

1. Acylated ghrelin concentrations will be significantly suppressed following an acute 

exercise bout of both moderate- and high-intensities for both lean and obese groups, 

with a greater suppression expected following high-intensity exercise; 

2. No change in leptin or amylin concentrations for both lean and obese groups 

following either moderate or high intensity exercise; 
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Food cravings 

1. The hunger dimension of FCQ-S will be suppressed in both populations immediately 

following exercise, and increase at 1 hour following the cessation of the protocol, but 

other dimensions will not follow suit in the overweight/obese when a suppression is 

expected in the lean group; 

2. Both lean and obese individuals will demonstrate a heightened positive explicit 

attitude towards high-fat, high-sugar foods following the high intensity exercise bout 

compared to the moderate intensity bout but that the implicit attitude would not be 

affected because it would be an outcome of cognitive transfer of former experiences 

with the food into the subconscious; 

Correlation between subjective hunger and appetite hormones 

1. A significant positive correlation between changes in subjective hunger and acylated 

ghrelin concentrations will be present in our findings. 

 

5.2. Methods 

5.2.1. Ethical approval 

The studies described in this chapter were approved by the ethics committee of the School of 

Sport, Health and Exercise Sciences, Bangor University. 

 

5.2.2. Participant recruitment 

The general procedures needed for recruitment and inclusion criteria are described in detail in 

Chapter 3.1. 
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participants (1.5L per 1kg weight loss), pre and post exercise hematocrit was also collected. 

Venous blood samples were taken immediately post and one-hour post exercise; IAT, EAQ 

and FCQ-S were also taken immediately post exercise. Prior to each trial participants were 

informed to keep to the same diet for 24 hours and to avoid any strenuous exercise, alcohol or 

caffeine. A flowchart of the current study procedures is also presented in figure 5.3.2. 
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food cravings and appetite regulating hormones are more closely linked in fasting conditions 

than immediately following exercise.  

Table 5.7.9. Correlation between fasting FCQ-S items and fasting appetite hormones. 

n=9 Insulin Leptin Amylin 

Total 

Ghrelin 

Acylated 

ghrelin 

Intense desire to eat_SW r= -0.654 
p= 0.002 

    

Positive reinforcement_SA     r= 0.534 
p= 0.022 

Positive reinforcement_SW r= -0.746 
p= 0.001 

    

Negative reinforcement_SA r= -0.589 
p= 0.006 

 r= 0.452 
p= 0.046 

r= 0.791 
p= 0.001 

 

Negative reinforcement_SW r= -0.692 
p= 0.001 

 r= 0.515 
p= 0.020 

r= 0.636 
p= 0.003 

 

Feelings of hunger_SA   r= 0.489 
p= 0.029 

r= 0.770 
p= 0.001 

 

Feelings of hunger_SW   r= 0.597 
p= 0.005 

r= 0.742 
p= 0.001 

 

Correlation coefficients (r) and significance values (p) are given only when P<0.1. FCQ-S, food 
craving questionnaire-state; SW, sweet; and SA, savoury. 
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5.8. Results of Main Study 

5.8.1. Baseline characteristics and exercise bout responses 

All lean participants completed both high and moderate intensity exercise bouts with average 

workloads of 143.0±21.58 W and 79.44±11.99 W, respectively. OV/OB completed both high 

and moderate intensity exercise bouts with average workloads of 162.0±25.12 W and 

90.0±13.95 W, respectively. For full overview of baseline characteristics of each group see 

table 5.8.1. All baseline characteristics were compared between groups by independent t-tests 

and significant differences are highlighted in table 5.8.1. 

 

 

Table 5.8.1. Anthropometric and metabolic parameters at baseline. 

Parameter (units) L (n=9) OV/OB (n=10) 

Age (years) 21.6 ± 2.7 23.7 ± 5.2 

Height 1.67 ± 0.42 1.68 ± 0.05 

BMI (kg m-2) 20.94 ± 2.84 29.51 ± 4.31* 

Weight (kg) 58.77 ± 9.74 83.53 ± 12.78* 

Body Fat (%) 17.77 ± 10.05 32.83 ± 8.40* 

Fasting glucose (mmol l-1) 4.69 ± 0.35 4.46 ± 0.65 

Beta Cell Function (%B) 72.99 ± 14.71 100.16 ± 39.42* 

Insulin Sensitivity (%S) 196.24 ± 50.37 152.72 ± 31.88* 

Insulin Resistance (IR) 0.55 ± 0.20 0.69 ± 0.19* 

Tcho (mmol l-1) 3.88 ± 1.21 3.88 ± 0.77 

HDL (mmol l-1) 1.50 ± 0.63 1.26 ± 0.12 

LDL (mmol l-1) 2.38 ± 1.35 2.56 ± 0.72 

VO2peak (l min-1kg-1) 44.69 ± 8.80 35.06 ± 5.24* 

RMR (kcal d-1) 1360.11 ± 351.22 1589.25 ± 249.62* 

RER 0.82 ± 0.01 0.75 ± 0.41* 

Data presented as mean ± SD. * denotes a significant difference between groups (P<0.05). L, lean; 
OV/OB, overweight/obese; BMI, body mass index; Tcho, total cholesterol; HDL, high density 
lipoprotein; LDL, low density lipoprotein; VO2peak, peak oxygen uptake; RMR, resting metabolic 
rate; and RER, respiratory exchange ratio.  
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5.8.2. Baseline appetite hormone levels 

To look for any baseline differences in levels of fasting appetite hormones, independent 

samples t-tests were conducted between groups. As demonstrated in table 5.8.2, OV/OB 

participants displayed significantly greater leptin and insulin levels than the L group, as well 

as significantly lower circulating total ghrelin concentrations. In addition, OV/OB individuals 

showed a trend towards significantly higher amylin than L individuals when fasted. 

 

Table 5.8.2. Fasting and postprandial plasma appetite-related parameters. 

                    L (n=9)            OV/OB (n=10) 

Leptin (ng/ml) 12.84 ± 6.29 34.53 ± 18.17* 

Insulin (mU/L) 4.08 ± 1.20 5.48 ± 1.53* 

Amylin (pmol l-1) 9.94 ± 5.45 11.82 ± 7.38 

Total Ghrelin (pg/ml) 596.94 ± 179.22 409.06 ± 165.0* 

Acylated Ghrelin (pg/ml) 27.09 ± 14.58 27.56 ± 15.13 

Data presented as mean ± SD. * denotes a significant difference between groups (P<0.05). L, lean; 
and OV/OB, overweight/obese. 
 

 

5.8.3. Exercise energy expenditure 

In the pilot study, energy expenditure was calculated during exercise trials using HR 

telemetry to make sure it matched between trials. Intensities were compared by independent 

t-test and no significant difference was observed (MI, 420.26±155.24 kcal and HI, 

371.33±80.74 kcal). Once again, in the main study, to see if energy expenditure was matched, 

means were compared by independent t-test and no significant difference was detected, 

confirming energy expenditure was matched between high and moderate intensity exercise. 

Additionally, L and OV/OB group means were compared in this study by independent t-test 
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Table 5.8.4. Appetite-related hormone concentrations at pre-exercise, post-exercise and one hour post-

exercise.  

 L (n=9) OV/OB (n=10) 

Parameters 

(units) 

        Pre Ex        Post Ex Post Ex+1H         Pre Ex         Post Ex Post Ex+1H 

Leptin (ng 

ml-1) 

 

 

10.94 ± 4.92 

11.08(6.04-

14.77) 

 

10.90 ± 5.36 

11.28(5.29-

15.64) 

 

10.95± 5.96 

10.60(5.15-

14.84) 

 

28.66 ± 14.48 

24.04(17.28-

39.28) 

 

25.32 ± 13.44 

20.61(15.42-

32.40) 

 

27.14 ± 13.86 

21.17(16.84-

35.04) 

 

 

Insulin  

(mU l-1) 

 

 

 

8.77 ± 6.06 

6.89(4.67-

13.23) 

 

 

6.46 ± 3.68 

6.39(3.34-

9.31) 

 

 

3.02 ± 1.83 

2.71(1.88-

3.23) 

 

 

9.12 ± 6.78 

7.69(5.75-
10.25) 

 

 

8.88 ± 4.81 

7.08(4.90-

13.29) 

 

 

4.48 ± 2.63 

4.14(3.22-

4.68) 

 

Amylin 

(pmol l-1) 

17.37 ± 

12.60 

11.39(8.53-

27.56) 

12.53 ± 7.89 

8.71(47.12-
17.44) 

12.23 ± 

10.39 

7.74(5.86-

15.75) 

14.31 ± 10.20 

11.64(6.03-

16.83) 

12.70 ± 9.26 

8.66(6.02-

18.62) 

11.71 ± 8.11 

8.10(5.60-

19.66) 

Data presented as mean ± SD. The figures shown in italic font represent M (Q1-Q3) which stands for 

median (quarter1 & quarter3). 
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P=0.010). However, because participants of the pilot study also completed the FCQ-T under 

fasting conditions, subjects from this group were added to the sample of the main study and 

analysis was performed once more. In this case, when compared participants had significantly 

different scores for 6 items including, negative reinforcement, cue dependent eating, feelings 

of hunger, lack of control, negative effect and the sum of scores (Table 5.8.6.2, P<0.05). 

 

Table 5.8.6.1. Food Craving Questionnaire-Trait analysis for main intervention study. 

 L (n=9) OV/OB (n=10) 

Positive Reinforcement 18.22 ± 7.45 20.10 ± 7.17 

Negative Reinforcement 11.33 ± 3.79 12.50 ± 4.66 

Intentions to Eat 13.89 ± 3.64 13.80 ± 3.83 

Cue Dependent Eating 19.78 ± 3.90 20.50 ± 5.64 

Preoccupation with Food 24.56 ± 7.75 24.90 ± 10.72 

Feelings of Hunger 17.89 ± 5.12 20.20 ± 5.80 

Lack of Control 21.78 ± 7.82 25.70 ± 10.95 

Negative Effect 14.33 ± 5.25 18.60 ± 4.41* 

Guilty Feelings 12.78 ± 5.22 14.60 ± 2.91 

Sum 154.56 ± 36.46 170.90 ± 47.40 

Data presented as mean ± SD. * denotes a significant difference between groups (P < 0.05). L, lean; 
and OV/OB, overweight/obese. 
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Table 5.8.9.1. Correlation between FCQ-T, fasting appetite hormones, BMI and weight in OV/OB 
participants in main intervention study. 

n=10 Insulin Leptin Amylin 
Total 
Ghrelin 

Acylated 
ghrelin 

Positive Reinforcement  r= -0.459 
p= 0.042 

   

Negative Reinforcement 
 

 r= -0.568 
p= 0.009 

   

Intentions to Eat    r= -0.566 
p= 0.009 

 

Cue Dependent Eating  r= -0.759 
p= 0.001 

   

Preoccupation with Food  r= -0.637 
p= 0.003 

r= 0.453 
p= 0.045 

  

Feelings of Hunger r= 0.463 
p= 0.040 

  r= -0.580 
p= 0.007 

 

Lack of Control  r= -0.655 
p= 0.002 

   

Guilty Feelings  r= -0.433 
p= 0.050 

r= -0.465 
p= 0.039 

 r= -0.660 
p= 0.020 

Sum  r= -0.608 
p= 0.001 

   

FCQ-T, food craving questionnaire-trait; BMI, body mass index; and OV/OB, overweight /obese. 







   170 
 

 

Immediate after exercise, no significant relationships were observed between hormones and 

FCQ-S of the L group, hence no correlation data is presented. However, OV/OB individuals 

post exercise hormone levels are still correlated with FCQ-S items (Table 5.8.10.3). More 

specifically, unlike fasting conditions,  amylin shows little correlation and leptin is correlated 

with three items. Moreover, total ghrelin is significantly negatively correlated with feelings of 

hungers towards sweet food.  Finally, analysing 1-hour post exercise relationships in the L 

group (Table 5.8.10.2) demonstrates the only significantly negative correlation of amylin 

with feelings of hunger towards sweet food. Similarly, the OV/OB group (Table 5.8.10.3) 

exhibits few correlations  in 1 hour after exercise; however, upon this occasion only total 

ghrelin is significantly correlated with FCQ-S dimensions; negative reinforcement towards 

sweet food and feelings of hunger towards both sweet and savoury. 

 

 

 

Table 5.8.10.2. Correlation between pre exercise, 1hr post exercise FCQ-S items and 
appetite hormones in lean females. 
n=9 Acylated Ghrelin-Pre-Ex Amylin-1h-Post-Ex 

Negative reinforcement_SW r= -0.573, p= 0.051  

Feelings of hunger_SW r= -0.581, p= 0.047 r= -0.55, p= 0.041 

FCQ-S, food craving questionnaire-state; Ex, exercise;  SW, sweet; and SA, savoury.   
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Table 5.8.10.3. Correlation between pre exercise, post exercise,1hr post exercise FCQ-S items and 
appetite hormones in overweight/obese females.  
n=10 Insulin-

Pre-Ex 
Leptin-
Pre-Ex 

Leptin-
Post-Ex 

Amylin-
Pre-Ex 

Total 
Ghrelin-
Pre-Ex 

Total 
Ghrelin-
Post-Ex 

Total 
Ghrelin-
1h-Post-
Ex 

Intense desire 

to eat_SW 

  r= 0.427 
p= 0.036 

    

Positive 

reinforcement

_SA 

   r= -0.559 
p= 0.010 

   

Positive 

reinforcement

_SW 

 r= 0.468 
p= 0.037 

r= 0.543 
p= 0.013 

r= -0.707 
p= 0.001 

   

Negative 

reinforcement

_SW 

r= 0.545 
p= 0.019 

   r= -0.580 
p= 0.007 

 r= -0.567 
p= 0.009 

Lack of 

control_SA 

   r= -0.696 
p= 0.001 

   

Lack of 

control_SW 

  r= 0.585 
p= 0.007 

r= -0.774 
p= 0.001 

   

Feelings of 

hunger_SA 

   r= -0.445 
p= 0.049 

  r= -0.652 
p= 0.010 

Feelings of 

hunger_SW 

   r= -0.564 
p= 0.010 

 r= -0.546 
p= 0.013 

r= -0.638 
p= 0.002 

FCQ-S, food craving questionnaire-state; Ex, exercise;  SW, sweet; and SA, savoury.   
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5.9. Discussion 

5.9.1. Introduction 

To the best of our knowledge, this is the first study aiming to evaluate the effects of acute 

exercise bouts of moderate and high intensity of equivalent energy deficits on food craving 

dimensions, implicit and explicit attitude towards food, and on selected appetite hormones 

(insulin, leptin, ghrelin, acylated ghrelin, amylin), in lean and overweight/obese sedentary 

females.  

 

We hypothesized that: i) acylated ghrelin concentrations will be significantly suppressed 

following an acute exercise bout of both moderate- and high-intensities for both lean and 

obese groups, with a greater suppression expected following high-intensity exercise; ii) no 

change in leptin or amylin concentrations for both lean and obese groups following either 

moderate or high intensity exercise; iii) the hunger dimension of FCQ-S will be suppressed in 

both populations immediately following exercise, and increase at 1 hour following the 

cessation of the protocol, but other dimensions will not follow suit in the overweight/obese 

when a suppression is expected in the lean group; iv) both lean and obese individuals will 

demonstrate a heightened positive explicit attitude towards high-fat, high-sugar foods 

following the high intensity exercise bout compared to the moderate intensity bout but that 

the implicit attitude would not be affected because it would be an outcome of cognitive 

transfer of former experiences with the food into the subconscious; v) a significant positive 

correlation between changes in subjective hunger and acylated ghrelin concentrations will be 

present in our findings. 
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translate into a reduction in appetite in these individuals. As discussed, olfactory processes 

may override the suppressed state achieved via exercise, suggesting OV/OB females may be 

more susceptible to overcompensating at a later, ad libitum, meal than lean individuals, a 

study which could be investigated in future by our research team. Therefore, the current study 

suggests that future exercise programmes should emphasize diet manipulation and self-

control, in addition to exercise adherence, to achieve weight loss which may help restore 

body compositional, hormonal, and food cravings parameters in overweight individuals 

following exercise to match their lean counterparts, and could lead to maintained weight if 

regular exercise is performed, in absence of dietary control in the future. However, although 

we conclude that exercise does not necessarily impact weight loss in overweight/obese 

females, the role of exercise in improving health outcomes should not be understated, and 

therefore the prescription of exercise is warranted in any sedentary individual.  

 

5.9.6. Conclusion 

In conclusion, this investigation has shown that an acute bout of moderate- and high-intensity 

exercise resulted in a suppression of appetite in OV/OB individuals which was not evident in 

their lean counterparts. The study also demonstrates that OV/OB individuals have a greater 

drive to eat in a postprandial state following the ingestion of a 300kcal test-meal. Importantly, 

the exercise-induced anorexia state did not reverse this pattern, whereby the transient 

suppression of appetite caused by moderate- and high-intensity exercise was offset by the 

stimulus of food, possibly mediated by olfactory mechanisms as demonstrated previously in 

the literature when an individual is full. Although this response could not be fully explained 

by either food craving items, or appetite hormone parameters, the current study nonetheless 
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highlights the importance of dietary restriction in addition to exercise in OV/OB individuals 

for providing an energy deficit post-exercise and therefore, potential long-term weight loss. 
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Chapter 6: General Discussion 

6.1. Introduction 

In recent years there has been a rapid growth in our understanding of the physiological 

regulation of energy homeostasis. Specifically, our knowledge of how gut hormones play a 

role in the regulation of energy balance has been developed substantially. Since exercise is 

known to be an important determinant of energy balance, much recent research has sought to 

characterise the effects of exercise on gut hormones. These novel studies contribute to an 

already established body of research which has examined the effects of exercise on appetite, 

hormonal and energy intake parameters. The purpose of this chapter is to collectively discuss 

the findings presented within the experimental chapters of this thesis. 

 

A main aim of the studies presented within this thesis was to characterise the effect of 

exercise on appetite. Although aware of the significant body of research conducted 

previously on this topic, the studies presented within this thesis have endeavoured to extend 

knowledge within the literature by examining the effects of moderate- and high- exercise 

intensities over the long-term (8 week) and short-term (acute bout) in lean and overweight 

and obese females.  

 

Although exercise is a recommended and widely accepted means of preventing weight gain 

and achieving weight loss and maintenance, its effect in the absence of energy restriction 

seems to be modest at best (Shaw et al., 2006). The ability of exercise to create and maintain 

a negative energy balance relies not only directly on its ability to increase energy expenditure 

but also indirectly on its potential to modulate energy intake and appetite (King et al., 1997; 

Martins et al., 2008). It was demonstrated in long term studies that lower than expected 
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findings, this suggests that the success of exercise interventions on weight loss outcomes may 

reflect restrained eating behaviour based on weight loss motivation and self-control rather 

than a direct effect of exercise. This finding shows the importance of participant recruitment 

that minimizes external confounding factors within the same population.  

 

6.2. Chronic study 

In recent years, our knowledge of how gut hormones play a role in the regulation of energy 

balance has been developed substantially, however, further investigation on how exercising at 

different intensities affects individuals from lean and overweight/obese populations is still 

needed. In study 1, following an 8-week exercise training program amylin decreased on 

fasting and postprandial levels in overweight/obese, while no change was evident in their lean 

counterparts (See Table 4.3.6 and Figure 4.3.9). Furthermore, about half of the variance of 

the BMI changes after training in overweight/obese females could be predicted by 

postprandial amylin and leptin levels, pointing towards a new function of amylin in weight 

regulation during exercise training in overweight/obese females, while other hormones did 

not contribute significantly to the model (See Table 4.3.6). The strong contribution of amylin 

for the model of the OV/OB group is remarkable, and agonists are well established in 

supporting weight loss in obese (Smith et al., 2007). Since amylin is suggested to enhance 

leptin signalling and lead to transient alteration of a leptin responsiveness threshold 

(Trevaskis et al., 2010), the decreased amylin levels documented in study 1 (postprandial and 

fasting) could increase leptin responsiveness threshold in OV/OB participants and would 

have led to compensatory energy intake in response to exercise training. Our model predicts 

that participants who have a combination of high levels of leptin and low postprandial levels 
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of amylin would gain weight during exercise training, and consequently would have 

overcompensated the exercise induced negative energy balance via energy intake. 

 

6.3. Bout study 

Furthermore, study 2 has shown that an acute bout of moderate- and high-intensity exercise 

resulted in a suppression of appetite in OV/OB individuals, not seen in their lean counterparts 

in our studies (See Figures 5.8.8.6 and 5.8.8.7). This study utilised FCQ-S measures for the 

first time in this type of experiment capturing a greater desire to eat by OV/OB individuals in 

the postprandial state independent of whether exercise was performed prior to the ingestion 

of the 300kcal test-meal producing a transient exercise-induced suppression of appetite (See 

Figures 5.8.7.5, 5.8.7.6, 5.8.8.6 and 5.8.8.7). It is suggested that the increased drive to eat 

following the test-meal in OV/OB participants may be due to the gustatory-olfactory 

mechanisms, whereby the sight, smell and taste of food can stimulate appetite even in the 

presence of homeostatic signals that indicate an individual is satiated (Van Vugt, 2010). In 

addition, our observations of FCQ-S responses discovered an association between hormones 

and cravings at some, but not all time points, suggesting that exercise caused a disruption in 

the association of hormones with the perception of craving, with greater disruption seen in 

the lean individuals. This is a novel finding not seen in any other literature demonstrating a 

complete disruption following exercise between the association between dimensions of FCQ-

S and appetite controlling hormones in lean, but only a partial disruption in OV/OB females. 

 

Following a short-term exercise bout, a significant reduction post-exercise was observed, 

with the greatest response evident following the high-intensity protocol where amylin was 

reduced from pre- to 1h post-exercise by 46% (See Figure 5.8.4.3).  However, it should be 
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noted that since amylin concentrations are influenced by elevations in glucose levels, and 

concentrations of blood glucose increased only in lean individuals, that the lower amylin 

concentrations may be resultant of altered glycaemic response to exercise between the 

populations. Leptin responses were as expected following both studies, whereby in an 

absence of weight loss, leptin concentrations were unchanged following a chronic exercise 

program. Changes were reported following the acute bout, whereby an immediate decrease in 

leptin which was observed in the OV/OB participants when compared to the lean group, 

however, since a highly significant increase in haematocrit were reported in the lean group, 

but not seen in the OV/OB group, the changes observed may have been due to 

haemoconcentration (See Table 5.8.5), as reported in previous studies (Kraemer et al., 2002). 

Similarly, insulin concentrations remained similar following the long-term exercise 

intervention, as was expected without significant weight loss (See Table 4.3.6). In the short-

term no differences were reported between the moderate- and high-intensity exercise bouts, 

both groups had significantly lower insulin one-hour post-exercise compared to pre-exercise 

and immediately post exercise (See Table 5.7.2 and Figure 5.8.4.1). Investigations into the 

hunger hormone, ghrelin, demonstrated that in the long term, both total ghrelin and acylated 

ghrelin concentrations were increased following 8 weeks of an exercise program in OV/OB 

individuals, but not in lean where an increase and no change were reported for total- and 

active- form of ghrelin, respectively. A short-term exercise bout however saw an initial 

decrease in total ghrelin concentrations post exercise which return to baseline values 1h 

following the cessation of the protocols in both lean and OV/OB participants, which is 

suggestive of exercise induced anorexia, however, similar to leptin, may be due to changes in 

haemoconcentration (See Table 5.8.5). The acylated form of ghrelin demonstrates a 

suppression following high-intensity exercise when compared to the moderate-intensity 

group, although no change was reported for main effect of time (See Figure 5.8.4.6). It may 
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overweight/obese and lean female. Therefore, a standardised test meal with defined 

macronutrient composition was essential for the study because hormonal responses depend 

largely on nutrient composition, texture, and amount of intake (Tieken et al., 2007). Clearly, 

freely selected meals (buffet) would have not provided standardisation of the former factors 

due to variability in food choice; otherwise, a set meal often has problems with general 

acceptance and consequently variance in intake as well. Moreover, based on the repeated 

measure design of our study, it would not be helpful having two separate buffet-test meals 

due to the low chance of consumption of the same caloric value and composition by the same 

participants; a huge variation in energy intake has been reported in these designs (Stensel, 

2010). Standardized nutrient intake was therefore an option; glucose tolerance tests use a 

similar approach for investigation of insulin response (Maffeis et al., 2010) but this limits the 

response to glucose, while obviously gastrointestinal hormones are released or suppressed via 

proteins and lipids intake as well, not only via carbohydrates (Karhunen et al., 2010).In 

several studies, investigating the response of appetite hormones to the main macronutrient 

modalities, it is obvious that hormonal responses are specific and vary in people depending 

on gender, age, BMI (Karhunen et al., 2010). Moreover, texture of meals affects the release 

of hormones from the GI, while liquid meals lead to more rapid release than solid with same 

nutrient composition (Tieken et al., 2007). Consequently, we decided to use an industrial 

product with defined nutrient composition and good palatability, which is liquid and contains 

all macronutrient factors usually expected in westernized balanced meals in the 

recommended composition (Brennan et al., 2012). Moreover, this test meal product is 

generally used in clinical context for patients who have problems with solid food intake 

(Resource® Energy, Nestle Healthcare Nutrition); therefore, less problems with acceptance 

and tolerance of this product were expected. In summary, the choice of using the liquid test 

meal with standardized composition gave us the opportunity to investigate appetite hormones 
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response to the full spectrum of macronutrients in a reliable and repeatable manner. This 

promised to enable us to provide a paradigm for investigating postprandial responses with 

smallest possible variability based on the test meal itself and possible food preferences of 

participants. 

 

Regarding the 8-week study, one limitation was that we were unable to measure the energy 

expended by our participants over the 8-week period directly. We suggest that the energy 

deficit caused by the exercise sessions was negated by an increase in energy intake via 

compensatory eating behaviour, however, it is possible that the level of exercise and physical 

activity (stair climbing etc) was decreased due to the participants feeling fatigue, or a sense of 

reward resulting in a further sedentary lifestyle. This confounding factor was minimised in 

our study since both OV/OB and L groups were sedentary individuals however, so it is 

unlikely that physical changes to lifestyle would have significantly undermined the exercise 

training sessions. 

 

Another limitation was self-reported diet diaries that were dependent upon the compliance of 

the individual to record everything consumed with a high level of accuracy, whilst not 

changing typical eating habits (Elia et al., 2003). As such, it may be that our participants 

misreported information within their diet diaries, as highlighted by Lictman et al. (1992) who 

reported under-reported food intake by as much as 30% in obese individuals when compared 

to control individuals. 

 

A further limitation to the present study is not measuring excess post-exercise oxygen 

consumption (EPOC). This phenomenon is an increase in oxygen uptake that occurs after 
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have been made on macronutrient composition and overall quantity of the meal to ensure a 

standardised baseline state for all participants was achieved.   

 

6.5. Future investigations 

Our studies produce some very exciting findings that should be investigated further in the 

future. We have discovered a new role for amylin in weight regulation during exercise 

training in overweight/obese females. Similar research should be conducted on male 

participants to identify whether the changes in amylin are gender specific, and may explain 

why undertaking an exercise training program under ad libitum conditions is often reported 

as less effective in females than their male counterparts (Donnelly et al., 2003, Potteiger et 

al., 2003). One theory put forward by David Stensel (2010) to explain these differences in 

gender may be the necessity for women to maintain sufficient body fat stores for reproductive 

success. 

 

Amylin was shown to involve in the regulation of food intake and body weight. Pramlintide 

is a human amylin analogue to be used in conjunction with insulin to treat type 1 or 2 

diabetes. Several studies (Aronne et al. 2007; Smith et al. 2007; Smith et al. 2008) indicated 

that pramlintide can also affect weight loss in overweight or obese patients with and without 

diabetes. To do more studies, concentration on treatment of obesity with a combination of 

exercise and pramlintide, owing to the role of pramlintide in weight loss, would prove 

beneficial. Design would be a placebo controlled trial where one group receives exercise plus 

placebo and one group pramlintide with exercise; additionally it would be ideal to look into 

having a group without treatment and one with pramlintide alone. All groups should be 

randomised and at least single blind. 
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