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Abstract

Exaggerated metabolic perturbations during theppastlial period are likely to play a
role in the development of vascular and metaboliseases. Elevated levels of
postprandial triglycerides (TG) are associated witbreased risk for atherosclerosis
independently of other cardiovascular risk factansgd exaggerated postprandial insulin
excursions are known to contribute to lipid dysrhetsm and chronic insulin resistance.
This, together with the fact that free-living hursaspend most of their time in the
postprandial state, suggests that interventionsusiog on the improvement of
postprandial metabolism could play a role in thevpntion and management of
cardiovascular and metabolic diseases. Exercise éagotent role in improving
postprandial metabolism, by effectively attenuatimpstprandial lipaemia and
insulinemia, as well as increasing fat oxidatidhpawhich providing positive outcomes
for the prevention and treatment of metabolic disos. It is however unclear the extent
to which these beneficial effects of exercise pemhen food is consumed libitum In
addition, the effects of exercise on appetite ragoh and food intake require further
elucidation. It is possible that exercise may pk®/ compensatory adaptations in food
intake in an effort to restore energy balance, ughophysiological and/or behavioural
responses. This has implications for the efficaicgx@rcise in the regulation of a healthy
body weight. Therefore, the overall aim of thiedis is to describe the effects of exercise
on postprandial metabolism, appetite responses dedding behaviour in

overweight/obese men.

The first two experimental chapters of this th€€ibapters 3 and 4) aimed to investigate
the effects of singles.repeated exercise sessions (~700 kcal per sessigr)stprandial
metabolism, energy intake, appetite and gut peptidponses in responsedd libitum
feeding. Ten sedentary, overweight/obese men uredgrw) no-exercise control; ii) one
exercise session (Day 3); and iii) three exercissions over three consecutive days
(Days 1-3); prior to a 7-h metabolic assessment(Bay 4). Energy substrate utilisation,
postprandial TG, insulin, acylated ghrelin, PX2¢as well as appetite responses adé
libitum energy intake (breakfast, lunch, dinner) were rigiteed. The findings of this
study showed that the beneficial effects of a singkercise session on postprandial
metabolism on postprandial metabolic responsesspedsvhen meals were consunaat]

libitum, but were not augmented by inducing a larger gneeficit by exercising on



consecutive days. Furthermore, while a single eésercsession did not elicit
compensatory responses in appetite and energyeingakrcising on consecutive days led
to a partial compensation (~24%) in energy intakevall as increased hunger sensation.

Gut peptide responses were unaltered by exercise.

The next chapter (Chapter 5) aimed to determineetfeets of exercise timing relative to
meal ingestion on postprandial metabolism, appe&@tponses, andd libitum energy
intake. Ten, sedentary overweight men exercise@fohour (~400 kcal) before or after
consuming a standardised breakfast meal, followedib 8.5 h metabolic assessment
period. Energy substrate utilisation, postprandi&, insulin, as well as appetite
responses andd-libitum energy intake (lunch, dinner) were determined. Tihdings
indicated that exercise performed prior to a brasikineal and exercise performed after a
breakfast meal waas similarly beneficial in impraypostprandial metabolism. Exercise
timing relative to meal ingestion also did not ughce appetite responses aadlibitum

energy intake.

In the final experimental chapter (Chapter 6), latmtudy was designed to examine the
effects of acute exercise on non-metabolic factelasted to appetite using a computer-
based assessment. Twenty-seven men and women Watkaa hour on the treadmill or
rested on a control day. Appetite-related measusre assessed before and immediately
after exercise, and hourly for 2 hours post exercihe findings showed that an acute
bout of moderate intensity exercise had an anoeexig effect; characterised by
diminished hunger and lower prospective food intateal portion size) compared to no
exercise. Although not a primary aim, this studscdivered a novel association between

loss aversion and prospective food intake and filoty.

The collective findings of this thesis suggest #wdrcise attenuates postprandial TG and
enhances fat oxidation in response ao libitum feeding, indicating that exercise’s
benefits can be extended into the ‘real world’isgttThe beneficial effects of exercise on
postprandial metabolism are also independent dfnitgg relative to meal ingestion. In
line with evidence in the literature, an acute botiaerobic exercise does not induce
compensatory responses in terms of energy inta#ldreneased appetite, supporting the
role of exercise in weight management. Other thaysiplogical factors, the behavioural
and cognitive aspects related to feeding can plapla in mediating compensatory

responses to exercise and this requires furthesiigation.
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CHAPTER 1

General Introduction

The following introductory chapter has been divideid several main sections. The first
section primarily focuses on vascular and metabdieases, and how physical activity
plays a role in minimising the risks. The next gettaddresses lipoprotein metabolism
and associated implications of the postprandidéstathe development and progression
of cardiovascular diseases and other metabolicrakss. This section concludes by
focussing on the beneficial role of exercise intpndial lipid metabolism. The next

section introduces the concept of energy balancefactors which influence it, with a

focus on fat balance and exercise. Regulatory nmsmms for appetite and feeding

behaviour are then discussed, including how exeraffects these elements. The final
section addresses issues relating to experimengthads used in the appetite-related

investigations.

1.1 Vascular and Metabolic Diseases

Cardiovascular and metabolic diseases are oneeofetiding causes of chronic disease
morbidity and mortality in developed countries aré becoming increasingly prevalent
in developing countries. Although these conditians often considered to be diseases of
affluence, the burdens of hypertension, diabetd$tose obesity, and dyslipidaemia are
now becoming more common among the poorest citirenise industrialised countries
(Dahlof 2010). Recent statistics from the Britishedt Foundation stated that
cardiovascular diseases (CVD) are the main causdsath in the UK, almost 191,000
deaths each year, with majority are from coronaggrh disease (CHD), followed by
stroke, and further deaths from other circulatasgdses (Scarborough al. 2010). Apart
from CVD, diabetes is also becoming the one oftiggest health challenges facing the
UK today. Since 1996, the number of people diagagiéh diabetes has increased from
1.4 million to 2.6 million cases. According to foests, it is estimated that over 4 million
people in the UK will be diagnosed with diabetes2625, with the majority of these
cases being type 2 diabetes (T2D), due to the asarg ageing population and rapidly

rising numbers of overweight and obese individ¢Bisbetes UK 2010).
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1.1.1 Physical Activity, CVD and Diabetes

Exercise, either alone or in combination with distfundamental in the prevention and
management of cardiovascular and metabolic disedbeslink between physical activity
and the protection against heart disease wassfuslied by Morris and his colleagues in
the 1940s, who found that male conductors of Lontdases had lower annual total
incidence of CHD compared to their driver colleag®lorris et al. 1953). Since the
initial observations of Morrigt al, there has been substantial evidence, particuleoiy
epidemiologicaktudies €.g.Li et al. 2006; Oguma & Shinoda-Tagawa 2004; Davey et
al. 2000; Sesset al. 2000), to support an inverse relationship betwagysicalactivity
and CHD/CVD risk. A comprehensive meta-analysis38f prospective cohort studies
with a total of 883 372 participants, with followps ranging from 4 to 20 years have
shown that physical activity is associated withkriseductions of 30-50% for
cardiovascular mortality and 20-50% for all-causertadity in both men and women,
with pooled risk reductions of 35% for the formarda33% for the latter, even after
adjusting for important risk factors such as hygpeston, hypercholesterolaemia, and
diabetes (Nocoret al. 2008). In addition, numerous studies have docuetkerihe
importanceof engaging in exercise-based interventions taatg or reverse tltisease
process in patients with CVD. For instance, a syate review and meta-analysis of 48
clinical trials revealed that exercise-based cardiac ratetlnh significantly reduced the
incidence of all-cause and cardiovascular mortatigpmpared with usual care (Tayler
al. 2004). Improvements in functional capacity and tyalf life such as increment in
maximal oxygen consumption have also been observpdtients with heart failure who

participated in exercise training (Smart & Marw{@004).

Apart from reducing cardiovascular risks, thereamaple evidence from prospective
cohorts reporting a consistent link between theeutove effect of physical activity and
the development of T2De(g. Villegas et al. 2006; Hsiaet al. 2005; Perryet al. 1995;
Mansonet al. 1992; Mansoret al. 1991), with regular physical activity presentin@@
30% reduction in risk after adjustment for confoumgdfactors including age, health
status including family history of diabetes and B{@ill & Cooper 2008). In addition to
epidemiological data, at least five major clinitahls have demonstrated that lifestyle
interventions can significantly delay or possibtgyent the onset of T2D (Ramachandran
et al. 2006; Knowleret al. 2002; Tuomilehteet al. 2001; Paret al. 1997; Eriksson &
Lindgarde 1991). The Da Qing study, which invohaer 110,000 men and women with

IGT in China, showed a 31% reduction in risk of eleping diabetes by diet intervention,
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a 46% reduction by exercise intervention, and a #d@action for the combined diet and
exercise intervention after 6 years (Raral. 1997). In the Diabetes Prevention Program
which studied 3234 subjects of various races, thfesintervention (diet and physical
activity) had a 58% reduction in risk of developitigbetes, compared to 31% reduction
in the medication group, regardless of race or &égeowler et al. 2002). For
improvement of cardiovascular risk factors and Wweiganagement, at least 150 minutes

of moderate intensity (approximately 40 — 60%\va$, max) of physical activity per week

or at least 75 minutes of vigoroasrobic exercise per week, has been recommended by
the American College of Sports Medicine (Hasletllal. 2007) and the American Heart
Association (Buseet al. 2007), as well as by the panel of experts of théish
Association of Sport and Exercise Sciences (BASEd)onovanet al. 2010). The basis
for this recommendation is supported by data fromabetes prevention trials
(Ramachandragt al. 2006; Knowleret al. 2002; Tuomilehtcet al. 2001) which showed
that increasing moderate physical activity by agpnately 150 minutes per week,
reduced incidence of diabetes in men and womeniwigaired glucose tolerance (IGT),
with this effect being greater if accompanied byighe loss (Gill & Cooper 2008).
Accumulated bouts of physical activity over the @syopposed to one continuous session
may also be an effective way to achieve recommegdeatklines of a 30-min activity per
day, as a meta-analysis revealed that active comgurt daily living which incorporates
walking and cycling is associated with an overdl¥dreduction in cardiovascular risk
(Hamer & Chida 2008). Furthermore, evidence alsggsst that this recommendation
does not represent a minimum threshold level &k reduction, especially among those
with very low levels of physical activity or who are iinfevensmaller amounts of
physical activity may be associated reductions ith @HD/CVD risk, thus conveying a

"some is good; more is better" message (Shiroma&2010).

1.1.2 Mechanisms of Physical Activity on Cardiovascular seases and Type
2 Diabetes Risks

Physical activity and fitness clearly reduces tisk of CVD. However, the precise
mechanisms througlvhich physical activity lowers CVD risk are not lfulunderstood.
Even after traditional cardiovascular risk factsusgh as hypertension (Paffenbargeal.
1986), body weight (Bijnert al. 1998), and diabetes (Mo al. 2007) are accounted
for, the inverseelation between physical activity and CVD risk gists. The magnitude
of the exercise effect is influenced by charactiessof the exercise intervention,

individual variation, and whethegxercise produces concomitant reductions in body
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weight. Ingeneral, the effect of exercise on atheroscleraticfactords substantially less
than that achieved by pharmacologit@rapies, and can be significarglygmented by
other lifestyle changes such as changes in dibtlit and weight loss (Thompsenal.
2003). One of the potential mechanisms mediatiegctirdioprotective effects of exercise
is improved endothelium-dependent vasodilation fisabelieved to be the result of
increased shear stress over the endothelium demegcise training bouts (Whyte &
Laughlin 2010). The increase laminar flow brought ly regular exercise stimulated
release of vasoactive substances such as nitradecad prostacyclin which decreases
endothelium permeability to plasma lipoproteinsnadl as adhesion of leukocytes, and
inhibits endothelial smooth muscle cell prolifeositiand migration, thus playing a role in
the prevention of atherogenesis (Pan 2009). Regukcise has also been shown to exert
anti-inflammatory effects, with reductions in inflaatory markers such as C-reactive
protein (CRP) and soluble intercellular adhesionlemdes (ICAM) (Kasapis &
Thompson 2005; Adamopoules al. 2001). Some of the protective effects of exeraige
due to autonomic nervous system adaptations suatnlanced peripheral baroreflex
function, such as reciprocal reduction in sympathetic agtiviind increased
parasympathetic activity (Joyner & Green 2009). Meandomised controlled trials have
also reported significant reduction on resting digmessure with exercise training
(Fagard 2001). With regards to lipid changes, @gerimterventions have been associated
with reductions in TG, particularly in the postpdaal state (Petit & Cureton 2003) and
increase in HDL-C concentrations (Halverstagal. 2007; Kodamaet al. 2007; Durstine
et al. 2001). Although the effect of exercise on LDL cenftrations are somewhat
inconsistent (Kelley & Kelley 2006; Kellegt al. 2005), the favourable effects are rather
related to changes in LDL size and compositionaratteristics. Exercise training has
been associated with increase in peak LDL parscte which promotes a shift in the
distribution of cholesterol carried by LDL from maller, denser particle<5.5 nm) to a
larger (>25.5 nm), more cholesterol-rich LDL padjahereby rendering the particles less
atherogenic (Halverstaét al. 2007; Bearcet al. 1996). Details of these mechanisms will

be discussed in a separate section.

Physical activity also reduces insulin resistamogroves insulin sensitivity and reduces
postprandial hyperglycaemia (Thompsaral. 2001). Evidence has shown that both acute
and chronic exercise enhanced glucose uptake dightion (Delaet al. 2006; Giaccaet

al. 1998; Roger®t al. 1988) and glycogen storage (Praefal. 2008; Delaet al. 2006;
Christ-Robertst al. 2004; Perseghiet al. 1996) in both normoglycaemic and diabetic

subjects. This effect may be related to eviden@avsig that exercise acutely promotes
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the translocation of GLUT4, the insulin-regulateldiopse transporter, to the plasma
membrane in skeletal muscle in both healthy an8edia individuals (Taniguchet al.
2000; Kennedyet al. 1999). Furthermore, upregulation of GLUT4 protexpression
content in the skeletal muscle has been shown todueed by training (O’'Gormagt al.
2006; Christ-Robertet al. 2004; Hughest al. 1993). Whole-body insulin sensitivity
during euglycaemic-hyperinsulinaemic conditionsr@kén et al. 2009; Winnicket al.
2008) and reduced secretion of hepatic glucoseugtomh have also been observed with
chronic exercise in T2D patients (Kirwaet al. 2009, Segakt al. 1991). Enhanced
insulin-mediated glucose metabolism with exercrséning can be further attributed to
the increased expression/activity of key signallprgteins involved in insulin signal
transduction in skeletal muscle (Hawley & LessafiD®), such as 5-AMP-activated
protein kinase (AMPK) (Sriwijitkamokt al. 2007) and the protein kinase B (Akt)
substrate AS160 (Treebadt al. 2009; Frgsiget al. 2007) in diabetic individuals.
Additionally, oxidative metabolism in skeletal miex is improved in the obese and
insulin-resistant individuals with regular exercidae to increase in muscle fibre size
(Wanget al.2009), mitochondrial content (R6o#d al.2008; Bruceet al. 2006), and fatty
acid transporters such as FAT/CD36 (Scheck & Hamw2006) and carnitine
palmitoyltransferase complexes (Brueg¢ al. 2006), all of which are consequently

associated with increased fatty acid oxidatiorhmdkeletal muscle.

1.2 Obesity: a Risk Factor for Cardiovascular Diseasesnd Type 2
Diabetes

The epidemic of obesity took off from the 1980s amdhow treated as a major public
health problem around the world (James 2008). Atlingrto the recent health survey in
the UK, the average prevalence of overweight aresitp (BMI > 25) is 66.1% in men
and 57.5% in women, while the prevalence of obg&I > 30) alone is 24.8% in men
and 25.3% in women (Scottish Health Survey 2010)e TUK’s Foresight analysis
projected that 60% and 40% of men and women reispgcwill be clinically obese by
year 2050 (James 2008). Obesity is clearly assstiatith increased mortality and
adverse health outcomes, especially CVD and T2Dri@Pcet al. 2006; Yusufet al.
2006). In a study of 5,881 Framingham Heart Stualyigipants, Kenchaiaét al. (2002)
showed that during a 14-year follow-up, for everggim® increment in BMI, the risk of
heart failure increased 5% in men and 7% in worenintegrated analysis of 33 cohorts

from the Asia-Pacific region, followed for an avgeaof 7 years, showed that the risk of
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CVD, patrticularly ischaemic stroke and ischaemiarhéisease, increases progressively
with higher BMI (Ni Mhurchuet al. 2004). The British Whitehall study, with over
18,000 men followed up for up to 35 years, showet &ll cause and ischaemic heart
disease mortality rates were increased in the aigiw/obese group (Batst al. 2006).
The Nurses' Health Study of 88 393 women followedZ0 years, reported that even a
modest weight gain (4 - 10 kg) during adulthood asasociated with 27% increased risk
of CHD compared with women with a stable weighertdjusting for physical activity
and other cardiovascular risk factors étial. 2006). In a large meta-analysis involving
302,296 participants worldwide, adverse effectsoeérweight on blood pressure and
cholesterol levels account for about 45% of thedased risk of CHD, and 16% increased
risk after adjustments of both factors (Bogetral. 2007).

Large cohort studies in men and women have shoahttie development of T2D is
strongly associated with increased BMI (Oguetal. 2005; Wanget al. 2005; Weinstein
et al. 2004; Folsorret al. 2000; Careyet al. 1997; Charet al. 1994). For example, men
with BMI > 35 kgm had an age-adjusted risk of 42 times greater than with BMI
between 23 kgn - 35 kgm™ for developing diabetes (Chanal. 1994). A similar trend
was observed in female nurses with a BMI > 35Kg with the risk increasing to a
staggering 93% of developing T2D (Caetyal. 1997). Moreover, it was found that those
who have been at a of BMI > 30-kg” for more than 10 years possessed twice the risk of
T2D compared with those who have been obese ferttes 5 years (Chaet al. 1994).

A prospective study from the Asia Pacific regionsluding 154,989 participants with an
average of 8 years follow-up, found an associabetween baseline BMI and risk of
diabetes, with each 2 kg? lower body mass index associated with 23-30% lavgérof
diabetes (Ni Mhurchuet al. 2006). In most of these studies, the impact ofstvai
circumference and waist-to-hip ratio were indepenadé BMI, suggesting that abdominal
obesity may play a role in the pathogenesis of linstesistance (Gulet al. 2009).
Besides being the cornerstone of diabetes managemeight control can serve to lower
the risk of CVD among diabetic individuals. Otherhort studies have also reported
strong positive associations between increasing Bl CVD and mortality in patients
with IGT/T2D (Eeg-Olofssort al. 2009; Ridderstralet al. 2006; Battyet al. 2007; Cho
et al.2002). Interventions aimed at reducing obesitydfuge appear to be a primary goal
in the prevention of CVD and T2D.
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1.2.1 Mechanisms by which Obesity Influences Risk Factors

Adipose tissue plays a major role in maintainingtabelic functions by buffering the
postprandial influx of fatty acids, a function whics often disturbed in obesity (Rogge
2009; Goossens 2008). For a given degree of obedidominal obesity confers a greater
risk of insulin resistance, T2D, and CVD than gbiamoral obesity (Zoeller 2007).
Upper body adipocytes, as in abdominal obesity,ehbgen shown to respond more
readily to stimulation of lipolysis compared to lembody adipocytes (Jensen 1997), in
part due to their complement of adrenergic recepf(iiahn & Flier 2000). This would
increase intraportal free fatty acids (FFA) levaisl flux, promotes FFA uptake by the
liver and consequently, increased hepatic secrefiapo B-100 and accelerates synthesis
of hepatic very low density lipoproteins (VLDL) lels, leading to hypertriglyceridaemia
(Bamba & Rader 2007). Increased availability antbke of fatty acids, together with
diminished mitochondrial oxidative enzyme capaaityobese individuals (Kellegt al.
2002), as well as chronic imbalances between uptaie oxidation of fatty acids
ultimately result in excess intracellular lipid aotulation, both at the whole body level
and in individual organs or tissues (Shulman 20@esity is also associated with
diminished responsiveness of lipoprotein lipaseL{l.R key enzyme in the regulation of
lipid metabolism (Wang & Eckel 2009). AbnormalitiesLPL function have been found
to be associated with several pathophysiologicatitmns, including atherosclerosis and

dyslipidaemia, associated with obesity and instdsistance (Meaelt al. 2002).

Impaired responsiveness of skeletal muscle to imssla primary condition in obesity
and a precondition for the onset of T2D. An impottaenediator in contributing to the
pathogenesis of insulin resistance in obesity évakd circulating FFA (Boden 1997).
There have been a strong association of obesity iagdlin resistance with high
circulating FFA levels (Savaget al. 2007; Boden & Shulman 2002). Conversely,
lowering plasma fatty acids for 1 week with acipimion subjects with T2D reduced
intramuscular long chain acyl-CoA and improved lmsgensitivity (Bajajet al. 2005).
Furthermore, failure of adipose tissue to respanthé antilipolytic effect of insulin in
insulin resistant state causes non-adipose tissues as skeletal muscle, liver and the
pancreatic 3-cell to be subjected to an increas#idxi of FFA (Savageet al. 2007),
leading to triglycerides (TG) accumulation and glglycerols, an intermediate product
from the synthesis of TG (Itaret al. 2002), as well as other lipotoxic fatty acid

derivatives such as ceramides and long chain aol-A\damset al. 2004; Yuet al.
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2002). These metabolites can interfere with inssigmalling pathways, consequently
reducing insulin-stimulated glucose uptake in &ss({Venables & Jeukendrup 2009).
Lipotoxicity in pancreaticp-cell can contribute to mechanisms underlyifiecell
dysfunction and apoptosis, further leading to imsuésistance and eventual failure of
insulin secretion (Mcgarry 2002). In addition, enbad inflammatory and thrombotic
cytokines expression and secretion by intra-abdaha@dipocytes such as tumor necrosis
factor-alpha (TNF-alpha) (Rydén & Arner 2007), moyie chemoattractant protein-1
(MCP-1) (Sellet al. 2006) and C-reactive protein (Brooks al. 2010; Lemieuxet al.
2001) are implicated in the impairment of insulignalling pathways, thus contributing

to insulin resistance as well as vascular inflanomatKahn & Flier 2000).

1.2.2 Atherogenic Lipoprotein Phenotype

Abdominal obesity and insulin resistance are inédaited risk factors for atherosclerosis
(Frayn 2002), and dyslipidaemia is one of the commme@chanisms by which obesity and
insulin resistance relates to CVD. The dyslipidaemssociated with obesity and insulin
resistance is termed thatherogenic lipoprotein phenotypéRizzo & Bernais 2005;
Austin et al. 1990). Atherogenic lipoprotein phenotype or ‘ligichd’ is characterised by
elevated plasma concentrations of TG in the fastat, an exaggerated postprandial rise
in plasma TG, low HDL concentrations, and the preti@nce osmall, cholesterol ester-
depleted, dense LDL (Hardman 1999). Evidence frpidemiologic studies suggests that
the co-occurrence of low HDL-C and elevated TG lleve a strong risk factor for CHD
(Jeppeseret al. 1997; Assmann & Schulte 1992). Furthermore, imtlimis with small,
dense LDL particles, designated as LDL subclasepaB, exhibit higher risk for CHD
relative to individuals with predominantly largedabuoyant LDL particles (subclass
pattern A) (Krauss 2001). It has been suggestetl ttiea clinical importance of the
atherogenic lipoprotein phenotype (ALP) outweighattof LDL-cholesterol, because
many patients with CHD are found to have the AL&ttthan hypercholesterolaemia
(Sattaret al. 1998; Superko 1996). The small and dense LDL piypeocan also be an
additional fasting marker of an exaggerated poasttied lipeamia and of an impaired
clearance of triglyceride-rich lipoproteins (Lenweat al. 2000). Many clinical studies
have shown that the magnitude and duration of pastjial lipaemia is positively related
to the pathogenesis and progression of CHD and (Rtizhe & Gibney 2000), and is a
prominent feature in obesity and insulin resistafit@&dman 1999). The mechanisms and
adverse effects of elevated postprandial lipaemsponse will be discussed in detail in

section 1.4.
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1.2.3 Obesity and Physical Activity

Obesity and physical inactivity are established fectors for cardiovascular and T2D
comorbidities (Warburtonet al. 2006; Sullivan et al. 2005). Findings from
epidemiological studies have consistently shown thgular physical activity prevents
unhealthy weight gain and obesity (Lee al. 2010; Sariset al. 2003; Fogelholm &
Kukkonen-Harjula 2000). In addition, randomised teolfed trials lasting 4 — 25 months
and consisting of 3 — 5 exercise sessions of 30 miB per week have shown that body
weight and fat mass are reduced with exerciseitigiim overweight/obese individuals,
without dietary restrictions (Rosst al. 2004; Slentzet al. 2004; Jefferyet al. 2003;
Anderseret al. 1999). Because obesity is strongly associated Gitb and T2D, weight
loss is therefore recommended in the managemeheafsk factors. Much evidence have
demonstrated that lifestyle modifications focusing weight loss through dietary
modification and increased physical activity aréeetive in reducing the progression
from IGT to T2D and in reducing CVD risk factorsditon 2009). However, it is also
important to acknowledge that overweight and olzekédts may benefit from significant
improvements in health-related outcomes througtsighy activity independent of weight
loss. Even in the absence of changes in body weiightbenefits of physical activity in
improving CVD and T2D risk factors in the overweligibese can be observed, such as
lower blood pressure (Kingt al. 2009; Fagard 1999), increased HDL and decreased TG
levels (Zoiset al. 2009), increased insulin sensitivity (Bowdé al. 2005; Tokmakidiset

al. 2004), and reduced hepatic and visceral fat (vaiHégdenet al. 2010; Johnsost al.
2009).

There is a current interest in whether higher kew#lphysicafitness can ameliorate the
increased risk fopremature mortality or CHD/CVD associated with lgeaverweighor
obese (Fogelhom 2010). In an 8-year follow-up 0f9%25 men in the Aerobics Center
Longitudinal Study, Leet al. (1999) found that men with low physical fithessagmal
aerobic power ~ 8.7 METSs) had a higher risk ofcallise and CVD mortality than did fit
men in all body fatness and fat-free mass categaMereover, unfit, lean men also had a
higher risk of all-cause and CVD mortality than dné¢n who were fit and obese (Lee
al. 1999). Contrary to Leet al's earlier finding, data from the Nurses’ Healthu@®t
found that the relative risks of CHD were greatarWomen who were active but obese,
than normal-weight, sedentary women étial. 2006). Based on evidence to date, higher
levels ofphysical fitness appear to be able to offset tleeesed riskf CVD associated

with being overweight or obese, with the highesitsiwere observed among subjects who
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were both inactive and overweight/obese (Fogelh@iO; Gill & Malkova 2006).
However, in T2D, the data are more consisteshowing that being overweight or obese
is associated witfar greater increases in risk of developing T2Dnthaing unfit or being
inactive, and that highéevels of physical fitness or activity do not fulymeliorate the
increase in risk of diabetes associated obesitgdlolm 2010; Siegekt al. 2009;
Weinsteinet al. 2004). One of the acute benefits of physical &@gtiln obesity is by
improving the lipid and lipoprotein profile. Givahat perturbations in postprandial lipid
metabolism can influence the atherogenic diseaseeps by a number of different
mechanisms (described in section 1.4 below) (Kap®9), interventions focused on
reducing exaggerations postprandial lipaemia astfigd. The following section of this

thesis will focus on lipoprotein metabolism and hewercise influences this.

PHYSICAL
ACTIVITY

Insulin
Resistance

Atherogenlc
Dysllpldaemla

__CVD__

T2D Hypertensmn

Figure 1.1 Model describing the relationship between low levsl of physical activity and
increased risks for obesity, insulin resistance andardiovascular diseases.
Abbreviations T2D: type2 diabetes; CVD: cardiovascular diseases
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1.3 Lipoprotein Metabolism

1.3.1 Structures and Functions

Lipids are essential for energy homeostasis, remidee andorgan physiology, and
numerous aspects of cellular biology (leteal. 2003).Lipids, which are water-insoluble,
are transported in plasma as lipoprotein comples@sposed of several classes of lipids
(i.e. cholesterol, triglycerides, and phospholipids) anoteins known as apolipoproteins.
Triglycerides (TG) and cholesterol esters formabee of the lipoprotein molecule, while
the phospholipids and apolipoproteins surround ghdace of the molecule (Roheim
1986). According to major lipid composition, lip@peins can be classified into TG-rich
lipoproteins (TRL), which are the chylomicrons amdry low density lipoproteins
(VLDL); and cholesterol-rich lipoproteins, whichcinde LDL and HDL (Leeet al.
2003). The major function of lipoproteins is tortsport TG and cholesterol in the
circulation (Frayn 2003). In the forward transpsystem, chylomicrons and VLDL, both
TG-rich lipoproteins; transport dietary and hepafi@ to tissues, while LDL delivers
cholesterol to peripheral tissues &teroidogenesis. Conversely, in the reverse trahspo
system, HDL is involved in the transport of chodgst from peripheral tissues to the liver
for catabolism (Leet al. 2003). Apolipoproteins (apo) play critical rolesthe regulation
of plasma lipid and lipoprotein transport. Among thajor human apolipoprotein classes,
apo B-100 is required for the generation of hepd¢igtved VLDL, intermediate density
lipoproteins (IDL), and LDL (Ginsbergt el. 2005). Apo B-48 is a truncated form of apo
B-100 that is required for secretion of chylomicgdnom the small intestine, while apo
A-l is the major structural protein in HDL (Fray®@3). The metabolism of lipoprotein

can be divided into the exogenous and endogendbs/ags.
1.3.2 Chylomicron Metabolism : The Exogenous Pathway

Dietary TG and esterifed cholesterol are absorbetl @rocessed in the intestine and
incorporated into the core of nascent chylomicr@@msberget al. 2005). The lipid
composition of chylomicrons comprises ~90% TG, witle remainder comprising
cholesterol ester, free cholesterol, phospholipaas] protein (Green & Glickman 1981).
The key to the assembly of chylomicrons requires Bp48 (van Greevenbroek & de
Bruin 1998), after which the chylomicron complexes liberated into the circulation via
the lymphatic system (Frayn 2003). Apart from &3d8, chylomicrons also carry apo
A-1 and A-IV (Frayn 2003) and acquire apo CllI, &dl, and apo E from the circulation
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(Ginsberget al. 2005). While in the bloodstream, the TG within ttiegylomicrons is
hydrolysed by lipoprotein lipase (LPL), an enzymgnthesised mainly in the
parenchymal cells of adipocytes, skeletal and eartiuscle before being translocated to

functional sites at the luminal surface of endatiielells (Wang & Eckel 2009).

LPL plays a major role in the metabolism of lipi@ne of the essential co-factors for
LPL activity is apo C-ll, as evidenced by patiemtghibiting chylomicronaemia and
hypertriglyceridaemia due to defects in apo C-Mafisseret al. 2008; Fojo & Brewer
1992). Apo C-llIl can inhibit LPL actions (Wareg al. 1985), and high levels of apo C-llI
are strongly associated with hypertriglyceridaeand the progression of CVD (Oei al.
2008). It is the balance between apo CIl and apib Bat determines, in part, the
efficiency with which LPL hydrolyses TRL (Ginsbesy al. 2005). Hydrolysis of TG
liberates glycerol and non-esterified fatty acitlEFA), the latter can either enter the
adipocytes to be esterified with glycerol-3-phogphato new TG for storage, or released
into the systemic NEFA pool for the uptake of pkeml tissues (Frayn 2003). The
hydolysis process results in smaller chylomicrommants, with altered composition of
surface phospholipids and enriched in dietary-@efj\and HDL-derived cholesterol ester,
as well as apo E (Ginsberj al. 2005). The remnant particles are carried to ther i
where are cleared directly by the LDL receptor (@aad & Borensztajn 1999) or further
lipolysed by hepatic lipase (HL) (Sultast al. 1990). Evidence indicates that the
acquisition of apo E allows the chylomicron remsatat be recognised and removed by
the LDL receptor-related protein in the liver (Ceod997), mediated by binding to cell-
surface proteoglycans in the space of Disse (Makldy1999; Jiet al. 1993).

1.3.3 VLDL Metabolism: The Endogenous Pathway

VLDL is assembled and secreted by the liver, wiih 8-100, phospholipids, and a small
amount of free cholesterol forming the surface &fD¥, whereas TG and esterified
cholesterol make up the core of the particle (Datial. 1982). Some apo C and apo E
are present on the nascent VLDL particles as theysecreted from the hepatocytes, but
the majority of these apolipoproteins are transférto VLDL after their entry into
circulation from other lipoproteins, mainly HDL (&berget al. 2003; Frayn 2003).
Plasma chylomicrons and VLDL share common catabpathways, known as the
‘common saturable removable process’ (Frayn 20B8)ng a substrate for LPL in the
capillary beds, the TG in VLDL is hydrolysed intoENA and glycerol, resulting in
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smaller and denser VLDL and, subsequently, IDL (téwavich 2000). Some of the IDL
particles are cleared through the interaction o & and apo B-100 with the LDL
receptor and LDL receptor-related protein in tiveri(Mahley & Ji 1999). Alternatively,
TG in IDL can be further hydrolysed by hepatic §pato produce cholesterol-enriched
LDL (Frayn 2003; Jiet al. 1993). LDL patrticles are removed by uptake ingsues via
the LDL receptor (Frayn 2003).

1.3.4 HDL Metabolism and Reverse Cholesterol Transport

Reverse cholesterol transport is a series of mitabeents resulting in the transport of
cholesterol from peripheral tissues to the lived golays a major role in maintaining
cholesterol homeostasis in the body. HDL partiaes central to this mechanism, which
is inversely associated with atherosclerotic eveiitsrsberger & Eckardstein 20083;
Franceschiniet al. 1991). Nascent HDL or pig- HDL particles are secreted
predominantly by the liver (Castlet al. 1991) and intestine (Danielseat al. 1993),
containing mainlyapo A-1 and phospholipids (Frayn 2003). Deficiemeyapo A-1 has
been associated with low levels of HDL and cororfaesrt diseases (lkewadd al. 2004,
Pisciottaet al. 2003). The subsequent acquisition of cholestendl phospholipids by
nascent HDL occurs mainly via ABCA-1 transporteiotpm-mediated efflux from
extrahepatic cells (Oram & Vaughan 2000) and LPldiamied lipolysis of TG-rich
lipoproteins (Kwiterovich 2000) to form HDLparticles. The cholesterol in the nascent
HDL is then esterified by lecithin cholesterol atydnsferase (LCAT), carried on HPL
particles, and activated by apo A-1. Hydrophobiolesterol esters are retained in the
HDL core forming spherical, and matusemigrating HDL, particles (Lewis & Rader
2005). The activity of LCATs critical to normal HDL metabolism, as it has befown
that genetic LCATeficiency syndromes are associated with markestlyeced HDLand
apo A-l levels (Kuivenhoveewt al. 1997). The cholesterol ester in the core of HBL
then returned to the liver for secretion into tlile ia interaction with SR-B1 receptors
expressed in the liver (Trigattt al. 2003; Silveret al. 2001), after which the resultant
lipid-poor apo A-l particles are recycled into ttieculation to accept further cholesterol

from peripheral tissues (Frayn 2003).

Other indirect pathways that facilitate the remasfatholesterol ester and phospholipids
from HDL involve cholesterol ester transfer proté@ETP) (Massoret al. 2009; Barter
et al. 2003), phospholipid transfer protein (Settasagaral. 2001) and hepatic lipase
(Barranset al. 1994). CETP catalyses the exchange of choleststerof HDL with
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TG of apo B-containing lipoproteinf.e. chylomicrons, VLDL, IDL and LDL),
producing TG-enriched but cholesteryl-ester—deglet®L particles (Lewis & Rader
2005). Subsequent hydrolysis of TG in HDL by hepalipase promotes HDL
remodelling with the generation of smaller HDL ttggr with the release of lipid poor
apo A-l (Tall 1995). The removal of lipids from HDEgenerates prg-HDL or lipid-free
apo A-l, these small apolipoproteins can diffuse ithe extravascular space where they
serve as acceptors of cellular lipids and agaitaiei the generation of HDL, or can be
catabolised rapidly by the kidney (Hersberger & &dstein 2003). In the steady state,
CETP activity appears not to change the overalicieficy of reverse cholesterol
transport, though by transferring cholesterol esttom HDL to apo B-containing
lipoproteins, CETP potentially decreases the comagan of HDL and apoA-lI and
increases the concentration of cholesterol estectesd lipoprotein remnants (Massen

al. 2009). The adverse effects of this will be diseds&irther in the coming section.
1.3.5 Regulation of Lipoprotein Metabolism

Insulin plays a key role in the tight control ofpdprotein metabolism during
postabsorptive and postprandial periods (Sparkp& ks 1994). The fall in insulin levels
during postabsorptive state upregulates the lipolgttivity within the adipocytes to
liberate NEFA and TG from the adipose tissue ataltine circulation (Frayn 2003). The
major lipase integral to this process is hormonessige lipase (HSL) (Holm 2003;
Haemmerleet al. 2002). Catecholamines, released by the sympatinezvations within
the adipose tissue are also important stimulatblipaysis, and HSL is one of the major
targets of this regulation (Holm 2003). Other lipasinvolved in the adipose tissue
lipolysis are triacylglycerol hydrolase (TGH) (Saeti al. 2004) and adipose triglyceride
lipase (ATGL) (Schweigeret al. 2006). NEFA released into the circulation are
predominantly taken up by skeletal muscles as rtiest for oxidative fuel, and by the

liver to produce VLDL-TG or used as substratesgfaconeogenesis (Frayn 2003).

In the postprandial state, insulinaemia is resgmesior the upregulation of LPL in
adipose tissue, triggering the hydrolysis of chyilbmon-TG particles, thus clearing them
from the circulation (Frayn 2003). However, the oaal of chylomicrons is a saturable
process, reflecting the limited activity of LPL (ldberg 1996). Evidence indicates that
both chylomicrons and VLDL compete for the hydridyby LPL (Bjorkegrenet al.
1996; Karpeet al. 1993), although chylomicrons appear to be the desa substrate for
LPL due to their larger size (Karpst al. 2007). LPL-mediated lipolysis causes the
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release of NEFA that are then taken up by receach as FAT/CD-36 located on the
plasma membrane of adipocytes and myocytes (Gadiieal. 2009). Within these cells,
the fatty acids are re-esterified and used foragi®@ror they provide direct energy through
mitochondrial oxidation (Dallinga-Thiet al. 2010; Preiss-Landit al. 2002). Meanwhile,
insulin inhibits lipolysis in adipocytes, throughet inhibition of adipose tissue lipases
including HSL, which then suppresses the releas@lEFA from adipocytes into the
systemic circulation (Frayn 2003). In addition, aN¥FA produced are re-esterified

within the adipose tissue, a process stimulateisidylin (Frayn 2002).

Evidence has shown that insulin also acutely sigge® hepatic apoB-100-containing
VLDL production bothin vitro (Taniguchiet al. 2000; Adeli & Theriault 1992) anuh
vivo (Malmstrom et al. 1998; Lewiset al. 1995), making it likely that VLDL-TG
secretion is inhibited in the postprandial peridbis is in part, due to the suppression of
NEFA flux to the liver which acts as the substifatehepatic VLDL-TG secretion (Frayn
2003; Lewis et al. 1995). This is supported by findings by which aligans in
intralipid/heparin-induced NEFA have been showrstimulate hepatiand intestinally-
derived TRL particles production in healthy humamshe fed state (Pavliet al. 2010;
Duezet al. 2008). All these metabolic events emphasise thgortant role of insulin in
regulating substrate metabolism in the postprandi@te. In the presence of a
dysregulation of insulin secretion or insulin résice, these metabolic interactions will
be interrupted and consequently contributing totysbations in postprandial lipid

metabolism (DeFronzo & Ferrannini 1991).

1.4 Postprandial Lipid Metabolism

Humans spend a considerable amount of time in dsgppandial state. Based on typical
Western food intake, most people consume threeare rmeals a day, each containing
30-40 g fat, while the amount of TG in the circigatis typically around 3 g. Compared
to glucose, there is a relatively slow rise in plasTG, peaking 3 — 5 hours following a
meal, before declining to baseline. The rise inglaesma TG following a meal is defined
as ‘postprandial lipaemia’ (Frayn 2002). Excepbatakfast, each of the subsequent meal
in daily living is most likely consumed before piee lipid levels have returned to
baseline from the lipaemic conditions resultingnirthe previous intake. Therefore, the
majority of time in a daily life is spent in a ppsindial (fed) state, with a continual
fluctuation in the degree of lipaemia throughout ttay (Lopez-Mirandat al. 2007).
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Insulin plays a major role in coordinating the mamisms that minimise plasma TG
excursions in the postprandial period by upregutptiPL activity in the adipose tissue,
and suppression of NEFA from adipose tissue andtieLDL-TG (Frayn 2002). Thus

in conditions where insulin function is compromidqgd. insulin resistance), impairment

in postprandial lipid metabolism will ensue.

In 1979, Donald Zilversmit proposed that atherogene/as a postprandial phenomenon.
He implied that remnants of lipoprotein particles response to a meal might exert
atherogenic effects on the vasculature, based snohservations in cholesterol-fed
rabbits, that the predominant cholesterol-containipoproteins in the plasma of rabbits
which developed atherosclerosis consisted of chglmn remnants (Zilversmit 1979).
Decades later, subsequent studies provided fustingport to this earlier hypothesis by
confirming that patients with CHD have increasedstpmandial levels of TG and
intestinally-derived TRL in response to a fat laddllenge, compared to healthy controls
(Carstenseret al. 2004; Weintraulet al. 1996; Patsclet al. 1992; Grootet al. 1991;
Simonset al. 1987). Many more studies then showed that postimbrbut not fasting,
TG concentration is an independent cardiovascisérfactor (Nordestgaaret al. 2007,
Bansalet al. 2007; Iscet al. 2001; Austinet al. 1998). A meta-analysis of 17 prospective
population-based studies highlighted the role qfentriglyceridaemia as an independent
risk factor for CVD (Culleret al. 2000). Rather than beirag actual atherogenic agent,
elevated TG levelsan reflect impaired postprandial lipid metaboliamd thus a poor
ability in TRL clearance from the circulation (Gbesg 2002). The elevated TRL and
their prolonged residence time in the circulatiomynincrease the exchange rate of
esterified cholesterol from HDL and LDL to TRL, WifTG being transported in the
opposite direction, mediated by CETP. This consetiyéeads to TG-enrichment of LDL
particles, rendering them better substrates foatiefipase, which hydrolyses TG from
the core of LDL and turning them into smaller arehser LDL particles. Similarly,
hydrolysis of TG-enriched HDL particles resultedsmaller and more rapidly catabolised
HDL particles (Spositeet al. 2004; Frayn 2003; Weinthrogt al. 1996). Small, dense
LDL and remnant lipoprotein particles can erker subendothelial space and be trapped
inside the arterial wall, where they che oxidised and taken up by macrophages and
smooth muscle cells, leading to the development prugdjression of atherosclerosis
(Twickler et al. 2005; Carmena 2004). Thus, repeated episodes afjgerated
postprandial lipaemia can result in disturbancesheflipoprotein profile, characterised

by elevated TG levels, increased hepatic VLDL-T®doiction and a decrease in their
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clearance, a predominance of small, dense LDL gdesti and reduced levels of HDL
(Hardman 1999).

1.4.1 Obesity and Postprandial Lipid Metabolism

Abdominal obesity, especially when accompaniedrbgxcess of visceral adipose tissue,
has been associated with numerous metabolic d&itgds including
hypertriglyceridaemia and hyperinsulinaemia, whiptematurely increase the risk of
CVD (Grusonet al. 2010; Foxet al. 2009; Yusufet al 2006; Lamarchet al. 1998).
Consistent with this, postprandial lipaemia is exbated in abdominal obesity
(Blackburnet al. 2003; Couillardet al. 1998; Roust & Jensen 1993), a condition typically
associated with insulin resistance (Frayn 2002)erEin the absence of the fasting
hypertriglyceridaemia, abdominally-obese individuahay have higher postprandial
hyperlipidemia compared to non-obese control pttigtabeno-Kaeriyamat al. 2010;
Lopez-Mirandaet al 2007; Castro-Cabezast al. 2001; Mekki et al. 1999). The
exaggerated postprandial lipaemic response comnudosgrved in such subjects is due to
increased concentrations of both hepatic- andtintdl/-derived lipoproteins (Couillard
et al. 2002; Couillardet al. 1998). Due to the effects of insulin resistanceggerated
lipolysis during the postprandial period resultsam increased portal flux of fatty acids
which has been shown to stimulate hepatic secretioLDL (Chanet al.2004; Lewis
1997). At the peripheral level, blunted LPL actlyitommonly observed in visceral
obesity (Kobayshiet al. 2007), decreases catabolism of VLDL, thereby edmatang
postprandial lipaemia. It is also evident that msulin-resistant obese individuals, the
occurrence of delayed clearance pathways of exagetipoproteins contributes to
postprandial hyperlipaemia (Chat al. 2002; Tairaet al. 1999), through increasing
competition between chylomicrons and VLDL for LRhdlysis (Bjorkegreret al. 1996;
Karpe et al. 1993) and between chylomicron remnants and VLDirmants for LDL
receptor-mediated clearance (Marabal. 2001). Thus, the inefficient metabolism of
postprandial lipoproteins leading to exaggerationpostprandial lipaemia is a common
feature in obesity presented with insulin resistarfErayn 2002) Although insulin
resistance is also associated with the advers pigmfile in obesity, it would appear that
this association is largely based on the fact ¢pemid insulin resistance are closely
related (Nieve®t al. 2003). Thus, interventions aimed at reducing opesid improving
insulin sensitivity would have a beneficial effect atherogenic dyslipidaemia. One such

intervention is exercise and this will be discussethe following section.
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Figure 1.2. Pathophysiology of atherogenic dyslipekemia associated with insulin resistance.
Dotted arrow represents resistant effect. Insuéisistance leads to enhanced lipolysis and
increased FFA flux from adipose tissue to the IiN®e novohepatic lipogenesis in the liver
increased TG levels and apo B secretions as VLDélayed clearance of CM and VLDL
remnants results in the increased presence of TRheé plasma. Mediated by CETP, TG from
TRL is exchanged for CE from LDL and HDL particlgsoducing TG-enriched HDL and LDL,
which are rapidly hydrolysed by HL, producing sraglldenser LDL and HDL particles. Small
and dense LDL particles are susceptible to glyoadiod oxidative modifications, rendering them
atherogenic. TG-rich HDL particles can undergolfartmodification, leading to dissociation of
the structurally important protein apo A-l. The oohd, lipid-poor apo A-l in plasma is cleared
rapidly by the kidney, leading to decreased numbieHDL particles. Abbreviations: Apo:
Apolipoprotein; CE: cholesterol ester; CETP: chtddes ester transfer protein; CM: chylomicron;
FFA: free fatty acids; HL: hepatic lipase; IR: itisuesistance; LPL: lipoprotein lipase; sd: small
and dense; TG: triglyceride; TRL.: triglyceride-rilihoproteins.
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1.4.2 Exercise and Postprandial Lipid Metabolism

Exercise has long been well-documented as a thaiapgpproach in preventing and
ameliorating lipid dysmetabolism in both postabses (Durstine et al. 2001) and
postprandial states (Hardman & Herd 1998). The mweisims of TG-lowering effect of
exercise have been of interest for the past decadescausal evidence has been
established. The potential mechanisms that mayltrésureduction of postprandial
lipaemia following an acute exercise bout are enbdrtlearance rate of TG-rich particles

from the circulation and/or a reduced rate of appeze.

Studies have shown that exercise acutely increhsesxpression and activity of LPL in
skeletal muscles and post-heparin plasma (Perrealt2004; Zhanget al. 2002; Kantor

et al. 1984), which can be responsible for clearing Teb-particles from the circulation,
with the magnitude of increase being greater falhgaprolonged exercise than exercise
of shorter duration (Katsanes al. 2004; Fergusont al. 1998). Post-heparin LPL activity
is indeed higher in endurance-trained individuadsnpared with previously untrained
condition (Miyashitaet al. 2010; Duncaret al. 2003; Bergeroret al. 2001; Tikkaneret

al. 1999) and untrained counterparts (Pedlal. 1994). It is also conceivable that
increased LPL mass and activity induced by exersismild increase VLDL-TG
hydrolysis, in addition to chylomicron-TG hydrolgsiKiens et al. 1998). However,
reductions in postprandial TG have been documentttbut accompanying increases in
LPL activity (Miyashita & Tokuyama 2008; Gt al. 2003; Hercet al. 2001), suggesting
that besides LPL, there are other factors medidtiegincreased clearance rate of TG
from the circulation. On the other hand, studiegehalso shown that reductions in TG
following exercise can occur in the absence ofedéased TG clearance and uptake
(Tsekouraset al. 2008; Gill et al. 2001b; Malkovaet al. 2000), indicating that other
mechanisms other than enhanced TG clearance aedy lito contribute to the

hypotriglyceridaemic effect of exercise.

Decreased secretion of hepatic VLDL-TG has alsonh@eposed to be responsible for
the reduced appearance of TG in the circulatioioiohg acute exercise (Tsekouretsal.
2008; Magko=et al. 2006; Gillet al. 2001a; Malkoveet al. 2000). A possible cause for
the attenuation in hepatic secretion of VLDL-TG lcbbe increased in hepatic sensitivity
to insulin, thereby suppressing hepatic VLDL prdthc (Malmstromet al. 1998).

Furthermore, reduced secretion rate of VLDL-apoB-b9 the liver after 2-h of exercise

at 60% of Vo,max has been reported, which consequently resuitéewer, but TG-
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richer VLDL particles (Magko®t al. 2006). Evidence has also suggested that increasing
TG content and the size of the TG-rich VLDL pas&lenhance their susceptibility to
hydrolysis by LPL (Karpeet al. 2007; Fischeret al. 1995). Following on from their

earlier study, Magkost al. had reported exercise at 60% \6b, max for 1 hour had no

effect on plasma VLDL-TG and VLDL-apoB-100 concaiwns, hepatic VLDL-TG and
VLDL-apoB-100 secretion rates, and VLDL-TG and VL{apoB-100 plasma clearance
rates in untrained lean men compared to rest (Magkoal. 2007). Other studies

demonstrated that whole-body resistance exercis80%i of maximum peak torque
production (Tsekourast al 2009) and brisk-walking for 90 min at 60% ¥fo, max
(Tsekouraget al 2007) reduced plasma VLDL-TG concentrations bynaenting VLDL-

TG removal from plasma, but without altering thecretion rate. Recently however,
reduced VLDL-TG levels and secretion rate have lmnonstrated in exercise training
studies in animals (Barsalagi al. 2010) and humans (Yoshiéa al. 2010; Tsekourast

al. 2008), suggesting that training may be effectimelawering hepatic VLDL-TG
secretion rates than does acute exercise (Magki$)20he mechanisms responsible for
the exercise-induced attenuation in plasma TG reguurther elucidation but it is very
likely that both LPL-mediated clearance and reduoepatic VLDL secretion contribute

to the effectiveness of exercise in modulating ppastdial TG metabolism.

1.4.2.1Effects of Acute Exercise

Cohen and Goldberg (1960) first reported that waglé miles after the ingestion of a 75-
g oral fat load reduced postprandial lipaemia,datéid by a decrease in plasma turbidity,
for up to 7 hours. In the subsequent years, a langeber of evidence have shown that a
single bout of aerobic exercise performed priamgal ingestion (high-fat or moderate-fat
content) attenuates postprandial lipaemia in le@anmolipidaemic subjects (Harrisat

al. 2009; Miyashita & Tokuyama 2008; Gt al. 2006; Katsanost al. 2004; Kolifaet

al. 2004; Gillet al. 2003; Herdet al. 2001; Gillet al. 2001a; Gillet al. 2001b; Tsetsonis
et al. 1997; Tsetsonis & Hardman 1996a), overweight abese (Dekkeet al. 2010;
Hurrenet al 2011; MacEneanegt al. 2009; Burtonet al. 2008; Mitchellet al. 2008;
Miyashita 2008; Gilket al.2004; Zhanget al. 2004), individuals with metabolic syndrome
(Mesteket al. 2008; Zhanget al. 2007), as well as T2D (Tobiet al. 2008), although
some reported no change in diabetic patients @ill. 2007; Dalgaarcekt al. 2004). In
studies investigating the effects of exercise afieal ingestion on postprandial lipaemia,
less clear-cut evidence have been found, with s@perting exercise-induced reduction
(Katsanos & Moffatt 2004; Hardman & Aldred 1995;ei et al. 1992; Schlierfet al.
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1987) while others had found no change (Zhah@l. 1998; Welle 1984). Specifically,
with regards to exercise timing relative to meagestion on postprandial lipaemia, only
two studies have compared the direct effects ohpeal and post-meal exercise, and with
contrasting results. Zhangt al. (1998) reported that although 1-h exercise at @3%
Vo, max prior to a high-fat meal attenuated postprdntigemia, exercise in the
postprandial period did not. On the other hands&abs & Moffatt (2004) found that
walking at 50% ofVo,max for 90 min reduced postprandial lipaemia ireetive of
exercise timing relative to meal ingestion. It rémsaa topic of debate if exercise
performed in the postprandial period is as effecas exercise prior to meal ingestion,

therefore this warrants further investigation.

Intermittent exercise, rather than continuous bdwts been shown to be similarly
effective in reducing postprandial lipaemia in behn (Miyashiteet al. 2008; Barretet
al. 2006; Gill et al. 1998) and obese subjects (Miyashita 2008). Altenal. (2004)
however, reported that intermittent exercise (30xnlinutes at 60% of/0, max) was
more effective than a 30-min continuous bout in dowg postprandial lipaemia.
Conversely, intermittent exercise of 250 kcal (B0<70% Vo, max) did not seem to

induce the hypotriglyceridaemic effect compareddatinuous exercise bout at the same
intensity in men with metabolic syndrome (Mestetkal. 2008). It is speculated that
exercise may need to be distributed over more thensessions to produce an effect
(Miyashita & Stensel 2009). Regarding the duratimin attenuation of postprandial
lipaemia in response to exercise, there is cleadee¢e showing that postprandial
lipaemia can be attenuated for up to 15 - 24 hfoliswing acute exercise (Burtoet al.
2008; Miyashita 2008; Katsanos 2006; @iilal.2003; Hercet al. 2001).

1.4.2.2Effects of Energy Expenditure

It has become apparent that the size of the exenctiiced energy expenditure is a
critical factor in the manifestation of hypotrighridaemic effect, with higher the energy
expenditures leading to greater reductions in pastpal lipaemia (Gilet al. 2002; Petitt

& Cureton 2003). For example, doubling exercisergnexpenditure by either doubling
exercise intensity for the same duration (Tsets&idardman 1996a) or duration at the
same intensity (Gillet al. 2002) doubles the magnitude of hypotriglyceridaemi

Furthermore, Tsetsonis & Hardman (1996b) reportedl €xpending the same amount of
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energy at different relative intensitig( 30% Vo, max for 180 min and 60% 0, max

for 90 min) reduced postprandial lipaemia to thesaegree compared to control.

Therefore, the optimal benefits of exercise on mastdial lipemia are thought to likely
be achieved with sufficient energy expenditure. gkding to a recent systematic review,
the energy deficit threshold (prior to a high-fatat) for the aerobic exercise-induced
hyportriglyceridaemic effects to occur seems todreund 500 kcal per session in a
healthy population, but lower energy expenditure850 kcal per session) in obese
individuals or those with metabolic syndrome (Mar&kSidossis 2010). On the other
hand, a few studies have demonstrated that lonenggrdeficit is required (~250 kcal) to
reduce postprandial lipaemic response when a mdéameal is given in both lean and
overweight subjects (Miyashita 2008; Miyashita &Kiligama 2008; Miyashitat al.
2006; Kolifaet al. 2004), compared to studies giving high-fat meAlsimilar finding
was also noted in a group of overweight women canmisg a high-carbohydrate meal
prior to exercise (Mitchelet al. 2008). Therefore, these findings seem to sugdedt t
smaller exercise-induced energy deficit can sl déffective in reducing postprandial

lipaemia, especially in the obese, for whom perfogrexercise can be an arduous task.

1.4.2.3Effects of Energy Deficit

Although it was earlier shown that the exercisasoetl hypotriglyceridaemia cannot be
replicated with an equivalent energy deficit indiid®y dietary intake restriction (Gill &
Hardman 2000), recent evidence highlighted the mapce of dietary energy intake in
modulating the hypotriglyceridaemic effects of exse. A single bout of exercise
expending ~250 kcal, which was not likely to affetasma TG by itself, was shown to
exhibit attenuation in postprandial TG when the reise was accompanied by
superimposing a mild caloric restriction of ~ 35€ak compared to no-exercise control
(Maraki et al. 2009). In another recent study, Maragi al. (2010) demonstrated that
moderate energy deficit (~500 kcal) independentlitsomethod i e. diet or exercise, or
combination of both) reduced fasting and postprrgiaemia, although exercise elicited
a somewhat greater effect than caloric restricfidgrese observations seem to suggest that
both exercise-induced and diet-induced energy idefi@y induce the TG-lowering
effects, though the effect may be greater achievill exercise. To further highlight the
importance of negative energy balance in mediatimg attenuation in postprandial
lipaemia, replacing energy deficit created by eiseravith increased energy intake to

maintain zero energy balance was shown to markatiyuate the TG-lowering effect of

Chapter 1 | 42



exercise (Harrisoet al. 2009; Burtoret al. 2008). Thus, it appears that when individuals
increase their energy intake post exercise, repdaekercise-induced energy deficit, the
beneficial effects of exercise on postprandialdipéa are blunted. This is of particular
importance in daily life situations where energyake is often uncontrolled. It is

therefore important to understand the real mageitofl the effects of exercise on

postprandial metabolism in the real world, howeteere is a paucity of evidence in the
literature with regards to postprandial lipid metiidm and feeding, hence, further

research is warranted.

1.4.2.4Effects of Training

Foger and Patsch (1995) indicated that exerciseingadecreases postprandial lipaemia
and, in turn, increases HDL levels. The inversati@hship between the magnitude of
postprandial lipaemia and the plasma levels of HPatschet al. 1983) described HDL
cholesterol as an integrative marker for efficidi@ metabolism (Patscht al. 1992).
Thus, high HDL levels in physically active indivigis are likely to be contributed by the
effects of habitual exercise on the improvement @ clearance and reverse cholesterol
transport (Hardman 1999). Having said that, theglaarm effects of exercise on
postprandial lipaemia however, is still debatabM¢hile some studies showed lower
postprandial lipaemia (Tsetsond$ al. 1997; Ziogaset al. 1997; Hartunget al. 1993;
Cohenet al. 1989; Merrill et al. 1989; Wirthet al. 1985) and enhanced TG clearance
(Podl et al. 1994; Coheret al. 1989; Sadyet al. 1988; Wirthet al. 1985), in trained
subjects compared to sedentary controls, it caargeed that these favourable changes
were likely to be contributed by the recent exercisout since exercise-induced
attenuation in lipaemia persists for up to 24 hd@nsrton et al. 2008; Miyashita 2008;
Katsanos 2006; Gilket al. 2003; Herdet al. 2001). This is further supported by studies in
which trained subjects refrained from exerciseeast 2 days prior to test and showed no
differences in postprandial lipaemic response captbéo control (Bloomeet al. 2010;
Herdet al.2000; Tsetsonist al. 1997; Aldredet al. 1995).

Further evidence is illustrated in de-training stsdwhere endurance athletes reportedly
experienced ~37-41% increase in postprandial chigimm and chylomicron remnant
concentrations with 14-22 days of detraining (Mamito et al. 1992) and 40% increase
in postprandial lipaemia after detraining for 6 sldidardmaret al. 1998). Similarly, in
untrained individuals who underwent 13 weeks ointreg, postprandial lipaemia was
increased by 37% and 46% within 60 hours and 9 degfgectively after detraining (Herd

Chapter1 | 43



et al. 1998). Collectively, evidence is suggesting that TG-lowering effects of exercise
seem to be elicited by individual exercise sessratiser than adaptation from chronic
training, however exercise trainiqger seis likely to have beneficial, indirect effects on
postprandial lipid metabolism through body weighséd and larger energy expenditure

expended by trained individuals compared to unéi@ipeers (Gill 2004).

1.5 Energy Balance

An individual’'s body weight and composition repnesthe cumulative balance between
all previous energy intake and energy expendifline. classic equation of energy balance
states that fores = Bntake — Eexpendiure(Spiegelman & Flier 2001). ke consists of all
ingested food and beverages with energy values the foundation of energy, where
nutrients are provided by the metabolism of prategarbohydrates, and fats to fulfil the
energy requirement (Woet al. 1985b). Bypendiure IS represented by three major
components, which, when added together providecanrate measure of an individual’'s
daily caloric requirement: the basal metabolic r@#&IR), activity energy expenditure,
and the thermic effect of food (Wa al. 1985b). When energy intakei{Eequals energy
expenditure (B, energy balance is achieved and hence, body sitipes stable
(Spiegelman & Flier 2001). However, when considgtime regulation of body adiposity,
the traditional concept of the energy balance egoatvhich describes weight gain as an
excessive positive energy imbalance, might be fowmlsstic a concept, and that the

concept of macronutrient balance should be takiendonsideration.

1.5.1 Macronutrient Balance

The concept of macronutrient balance has been teteys the physiological basis for
determining body composition changes (Schutz 260t 1988). The basis for this is
that the composition of macronutrient intake tetwsliffer from their metabolic effects,
in such a way that the oxidative hierarchy is igedy proportionate to the size of
available stores for each macronutrient (Astrup9)98icohol, amino acid, and glucose
oxidation corresponds readily to alcohol, proteamd carbohydrate intakes, therefore
carbohydrate and protein stores are tightly regdldty adjusting oxidation to intake
(Frayn 1995). In contrast, there is virtually nautecfeedback between fat intake and fat
oxidation, resulting in much less accurately maied fat stores (Schutz 2004; Ableit

al. 1988). Thus, for stability of body weight and bagymposition, not only does energy
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intake have to match energy expenditure, but alscromutrient intake must balance
macronutrient oxidation. Since fat is the only rert capable of causing a chronic
imbalance between intake and oxidation, a poséivergy balance is therefore equivalent
to a positive fat balance, which subsequently l¢adsody fat gain (Galgani & Ravussin

2008).

1.5.2 Fat Balance

Fat balance indicates the balance of all metabatitvity resulting in storage and
utilisation of exogenous and endogenous lipid (Skabarg 1996). Negative fat balance
is achieved when fat oxidation exceeds fat intaltech ultimately results in body fat loss
(Schutz 2004). Indeed, studies have shown thatrédes of fat oxidation and increased
reliance on carbohydrate oxidation have bassociated with accelerated weight gain in
the Pima Indians, a population with a highevalence of obesity. This effect was
independent of 24-h metabolic rate (Zugo al. 1990). Similar findings have been
reported in Caucasians (Seidetl al. 1992). In addition, others have shown that post-
obese individuals have low rates of fat oxidatibar§onet al 1995; Astrupet al. 1994),
and those successful at maintaining weight lose lmegher fat oxidation rates than those
experiencing weight relapse (Froidevaex al. 1993). Unlike carbohydrate intake,
increasing fat intake does not markedly lead toeiase in fat oxidation (Rost al. 1998;
Bennettet al. 1992; Schutzt al. 1989; Flattet al. 1985). Because increasing fat intake
does not stimulate fat oxidation, therefore the meaiance of negative fat balance
generally requires a reduction in fat intake andiorease in fat oxidation via changes in

physical activity.

1.5.3 Physical Activity, Body Weight, and Fat Balance

There is a large body of scientific evidence topgupthe importance of physical activity
for the primary prevention of weight gain, succaksfeight loss, and the prevention of
weight regain (Chapuet al. 2011; Jakicic 2009). Findings from prospective ardh
studies investigating the relationship between ibpesd levels of physical activity over
time consistently reported that regular exerciseesless likely to gain weight compared
to their sedentary peers (Hankinsenhal. 2010; Drgyvoldet al. 2004). Furthermore,
physical activity may reduce health risks assodiatgh body weight through changes in
body composition, such as by decreasing fat-to-lesass ratio and also by decreasing

visceral-to-subcutaneous fat ratio (Fogelhom 20E¥)dence from prospective cohorts
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(Meisingeret al. 2005; Nakanishet al. 2004; Weinsteiret al. 2004; Huet al. 2003;

Folsomet al. 2000; Okadat al. 2000; Huet al. 1999; Burchfielet al. 1995; Mansoret

al. 1992) with a total number of 201 653 participasiiggests that the relative risk of
developing T2D in physically active individualsagenuated when adjusted for BMI or
other markers of adiposity (Gill & Cooper 2008).yBitcal activity influences the energy
expenditure side of the energy balance equationedfadtively promotes negative fat
balance by increasing whole-body fat oxidationrebg helping to maintain fat balance at

lower levels of body fatness (Hill & Commerford B9

1.5.4 Exercise and Fat Oxidation

The increase in fat oxidation in response to egerogsults mainly from the increased in
fatty acid availability, as a consequence of insegblipolysis (Romijret al. 1993) and a
reduced rate of re-esterification of fatty acidso(i&' et al. 1990). One of the pathways
involved in the stimulation of lipolysis with exese is through activation of AMP-
activated protein kinase (AMPK) in adipocytes (Bibeirg 2009). In skeletal muscle,
exercise-induced activation of AMPK is associatetthwcreases in fatty acid uptake and
oxidation (Thomson & Winder 2009). In addition, ieased blood flow to the skeletal
muscles transports the fatty acids away from thpose tissue and toward the exercising
muscle (Romijnet al. 1993; Bulow & Madsen 1981) and can enhance pamtitg of
excess fatty acids toward IMTG synthesis (Schenk@&owitz 2007). In addition to
acute exercise, exercise training can induce atlapsathat increase the capacity of
skeletal muscle fat oxidation durisglbmaximal exercise. Several factors contritiate
these adaptive responses: increda#yl acid transport protein content and localati
which regulates transport of fatty acids within theuscle (Talaniaret al. 2010);
enhanced proliferation of capillaries within skalehuscle, which enhances fatty acid
delivery to muscle (Priocet al.2004); increased density of skeletal muscles rhaodria,
which increases the capacity for daidation (Toledcet al. 2006); and increased carnitine
palmitoyl transferase (CPT) complexes which feaiéis fatty acidransport across the

mitochondria membrane (Melansenhal. 2009b).

1.5.4.1Effects of Intensity and Duration

It is well documented that the beneficial effectsaerobic exercise on maximising fat

oxidation are best achieved with low to moderatterisity exercise (45-65% of

Vo, max) (Achten & Jeukendrup 2004). High intensityreige however, results in lower
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contribution of fat to energy expenditure duringexse (Romijret al. 1993). Despite the
increased rate of lipolysis, the mobilisation of FE from adipocytes during high
intensity exercise may be compromised due to o#sttiblood flow to adipose tissue
(Coyle 1995) and suppressed mitochondrial uptakéatty acids (Romijnet al. 1995).
There is also evidence that IMTG oxidation conti@susignificantly to energy production
during moderate intensity compared to high intgnsiercise (van Looat al. 2003; Watt
et al. 2002; Romijnet al. 1993), which may partially explain the enhancedobadation
rate at moderate intensity. Prolonged exercise adarate intensity is associated with a
time-dependent decrease in carbohydrate oxidanongaeater fat oxidation (Romijet
al. 1993; Ahlborget al. 1974). The enhanced fat oxidation in prolonged @geris a
function of decreased muscle glycogen utilisatiomclw results from reduced muscle
glycogen availability (Vellestad & Blom 1985) whilthe relative contribution from
NEFA increases progressively with exercise duraidmborget al. 1974).

1.5.4.2Effects of Post-Exercise Fat Oxidation

Studies have shown that prolonged, moderate irtje@sercise stimulates fat oxidation in
favour of carbohydrate for several hours in thetyga®rcise period (Kuet al. 2005;
Kimber et al. 2003; Marion-Latarcet al. 2003; Kiens & Richter 1998; Bielinsldt al.
1985), extending the benefit of exercise on fatdation beyond the exercise period.
These authors suggested that following glycogeretieg exercise, muscle glycogen
resynthesis is of high metabolic priority, resuitiin the preferential utilisation of
circulating NEFA and other lipids for oxidation khe recovering skeletal muscle.
Meanwhile, elevations in catecholamines in theutation postexercise, and increased
blood flow to adipose tissue stimulate lipolysiesulting in increased plasma NEFA
concentrations and elevation in fat oxidation (@o#095). Furthermore, studies have
found that exercise-induced increase in NEFA mshilon can persists for 12 - 24 hours
after exercise, with a progressive decline oveetiand dependent on the duration as well
as the intensity of exercise (Magkesal. 2009; Mullaet al. 2000), although the rate of
fat oxidation is not strictly dependent on NEFA iadaility (Bennard et al. 2005).
Regarding exercise intensities, the rates of postegse fat oxidation appear to be greater
at higher exercise intensities compared to lowéensities when matched for energy
expenditure (Pillarcet al. 2010; Warreret al. 2009; Kuoet al. 2005). Thus, apart from
the exercise period, there is also a great potefiathe increase in post-exercise fat

oxidation in inducing negative fat balance.
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1.5.4.3Effects of Pre-Exercise Meal Ingestion

Carbohydrate ingestion prior to exercise has bd®wws to increase carbohydrate
oxidation and concomitantly decreases fat oxidadioning the exercise period, compared
to exercise in the fasting or postabsorptive pefllis et al. 2006; Wuet al. 2003;
Bergman & Brooks 1999; Coylet al. 1997; Horowitzet al. 1997; Montainet al. 1991).
The glycaemic and insulinaemic perturbations acamygipg the consumption of
carbohydrate stimulate carbohydrate oxidation whilppressing lipolysis and fatty acid
oxidation during the exercise period (Coye al. 1997; Sidossis & Wolfe 1996).
Furthermore, Montaiet al. (1991) observed that increase in carbohydrateatixid and
decrease in plasma NEFA can persist for up to Gshafier a pre-exercise carbohydrate
meal, although this might be dependent on thedfitke meal, thereby indicating that the
effect of pre-exercise meal is not limited to thereise period only but also during the
post-exercise recovery periods. Interestingly, matydies have shown that unlike
carbohydrate, ingestion of a high-fat meal prioexercise does not increase fat oxidation
during the exercise period (Paet al. 2003; Bergman & Brooks 1999; Whitlest al.
1998; Flatt 1988), although this is not unequivo@shslie et al. 2002; Hawleyet al.
2000). These evidence collectively show that, whalercise intensity predominantly
influences substrate utilisation during exercige-gxercise meal ingestion can alter this,
although the dietary effect can depend on the amoficarbohydrate or fat ingested,

timing of meal and duration of dietary treatmenaderet al. 2005).

1.5.4.4Effects of Post-Exercise Meal Ingestion

Another consideration in the influence of exermsefat oxidation is the effects of meal

ingestion in the post-exercise period. A study $tamvn that post-exercise carbohydrate-
rich meal ingestion led to a decrease in fat oxdafor several hours, compared to
exercise with placebo (Longt al. 2008). However, when comparing the effects of
exercise on fat oxidation relative to a no-exerctsmtrol, others studies reported

elevations in fat oxidation despite meal ingestionshe post-exercise period, and this
effect appear to be evident for up to 24 hours (Mmdet al. 2002; Folchet al. 2001; Gill

et al. 2001a). It could be that the energy content obst4exercise meal influences the
magnitude of fat oxidation thereafter, as it hagrbelemonstrated that neither post-
exercise energy expenditure nor substrate metabaligfered over 24-h when sub-

maximal exercise was performed preceding a cakmigvalent meal, compared to rest

(Dionne et al. 1999). In support of this, Melansa@t al. (2009b) recently reported that
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exercise when performed with energy replacemeet €nergy balance is maintained),
does not increase 24-h fat oxidation. On the contiBurtonet al. (2008) demonstrated
that exercise with isocaloric energy replacemewteased postprandial fat oxidation
compared to control in the following day, albeitadesser degree than exercise with an
energy deficit. Therefore it appears that thersoie discrepancy between findings on
subsequent meal ingestion on post-exercise faatwrigl, and much less is known on how
this can translate into daily living withd libitum feeding patterns. In addition, although
meal ingestion influences fat oxidation, it isIstihclear whether pre-exercise or post-
exercise food ingestion is more effective in cregt negative fat balance over the course
of the day. Addressing this issue will help to plexercise and dietary strategies in
maximising fat oxidation, specifically by manipufag the temporal sequence of meal

ingestion and exercise.

1.5.4.5Effects of Obesity

There is strong evidence showing a blunted lipolygisponse to catecholamines (Jocken
& Blaak 2008; Horowitz & Klein 2000b) and beta-adeegic stimulation (Jockeet al.
2008), as well as to exercise stimulus (Mittendoeteal. 2004; Pérez-Martiet al. 2001)

in obese individuals. However, many other studeseehdemonstrated that whole-body fat
oxidation during moderate exercisesigiilar across lean, overweight and obese subjects
(Mittendorfer et al. 2004; Horowitz & Klein 2000a; Ezekt al. 1999), although the
source of fatty acids for oxidation during exeraisay differ between these groups. Fatty
acid oxidation of non-plasma sources is quite comrroobesity due to the blunted
lipolytic response (Mittendorfegt al. 2004; Horowitz & Klein 2000a; Goodpastet al.
2002). Regardless, this shows that exercise isagbeneficial in improving fat oxidation
in the overweight/obese populations as in the Ielvever, it is unclear how subsequent
ingestion of food, whether in the pre-exercise ostgexercise period can affect fat

balance in this population, therefore further irigedion is needed.

1.5.5 Exercise and Fat Balance: Loss or Gain?

The effect of exercise on 24-hour fat balance istmmaportant in understanding the role
of exercise in the prevention of fat accumulatiad abesity. Although exercise increases
energy expenditure and induces fat balance, lomgy-&xercise studies have however,
consistently shown that weight loss achieved witareise alone appears to be modest

and is typically ~3% of initial body weight (JakicR009). Given that physical activity
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and energy intake are the two major behaviouratrdghants of body weight, their
independent and combined compensatory responsdd sewe barriers to exercise-
induced weight loss (Kingt al. 2007). The concept of compensatory adjustments to
exercise-induced changes in energy expenditure higddighted over 30 years ago by
Epstein and Wing (1980) who stated thatexercise may stimulate the appetite so that
persons who exercise increase their eating andatdase as much weight as expected’
and‘...a person who exercises in the early evening gayo sleep earlier or require
more rest in the evenind...Speakmanet al. (2002) in their review explained that
alterations in the energy balance system will atéivcompensatory mechanisms to
‘defend’ body mass at its existing level, or taamesit to that level once conditions allow,
thus providing reason why some individuals faildee weight with exercise. Increased
energy intake is commonly assumed to be the comapanysmechanism responsible for a
lack of, or lower than expected, exercise-induceeigit loss (Kinget al. 2007).
Fundamental to feeding behaviour is the appetistesy, which modulates the energy
intake side of the energy balance equation. Thencal betweeenergy intake and energy
expenditure is maintained via a complex homeossytem, involving both the brain and
the peripheral nervous system (Spiegelman & Fli@91). Under stable conditions,
equilibrium exists between anabolic signals thehsiate feeding behaviour, as well as
decrease energy expenditure and lipid utilisationfavour of energy storage, and
catabolic signals that attenuate food intake, wétilulating sympathetic nervous system
activity and restricting energy storage by incregsiipid metabolism (Blundelet al.
2008). This section henceforth will focus on thergy intake component of the energy

balance system.

1.6 The Appetite System

Appetite is the internal driving force for the isfen of food and is divided into three
components: hunger, satiation, and satiety (Magteal. 2005). Hunger describes the
motivational state that promotes food consumptiath @so reflects a physiologic state in
which the metabolic fuels such as glucose and fiattg acids are low (Wardle 1987).
Satiation is a process that occurs while foodsanmeg eaten which govern meal size and
duration (Blundell & MacDiarmid 1997). Following éhinitiation of a meal, hunger
subsides while satiation becomes increasingly dantin Eventually, feelings of satiation

will contribute to the cessation of eating and hegh period of abstinence from eating.
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The sensation that determines the intermeal pefddsting is termed satiety (Mattes

al. 2005). The control of appetite is a complex precesvolving the interactions of
central and peripheral organs to influence fee8mlgaviour in the short term, and also an
adaptive process responding to energy input andggnexpenditure in the long term
(Delzenneet al. 2010).

1.6.1 Control of Appetite: Role of the Hypothalamus

The hypothalamus plays a pivotal role in the cdrdafdody weight by regulating energy
intake and energy balance. Two main regions inhymothalamus that are involved in
feeding and satiety are the lateral hypothalamicleiuwhich serve as a feeding or
‘hunger’ centre while the ventromedial nuclei segvias a ‘satiety’ centre (Wynret al.
2005). The role of hypothalamus in regulating fooidke was first established when it
was observed that lesions to the ventromedial hueseilted in hyperphagia and obesity,
while lesions to the lateral hypothalamic nucleised aphagia and weight loss (Anand &
Brobeck 1951). The lateral hypothalamic nuclei aonglucose-sensitive neurons that are
sensitive to hypoglycemia and it is crucial in naig hypoglycemia-induced
hyperphagia. The ventromedical nuclei mainly asts @atiety centre and is a key target
for leptin and insulin, which act on the hypothalearto inhibit feeding, and stimulate
energy expenditure (Bernadis & Bellinger 1996).abidition, the paraventricular nuclei
(PVN) structure contains neurosecretory neurons piaject into the arcuate nucleus
(ARC), at the base of the hypothalamus, where #wgran terminals release peptides
neuropeptide Y (NPY), agouti-related peptide (AgRIRY the melanocortin precursor,
proopiomelanocortin (POMC), as well as being thennséte of corticotrophin-releasing
hormone (CRH) and thyrotropin releasing hormoneHYBecretions (Neargt al. 2004).

The ARC, on the other hand, contains receptorshtdbmones and neuropeptides that
regulate feeding (Arora & Anubhuti 2006). It is area where the blood-brain barrier is
modified to allow entry of various gut peptides gnrdteins including insulin and leptin,
both of which are signals for adiposity (Banks 2008Bhe gut peptides act on the
hypothalamus via the ARC to mediate appetite sttnoh through activation of NPY and
AgRP (Cheret al. 2004) or appetite inhibitory effects via POMC @#tanseret al. 1998).
NPY and AgRP act to stimulate feeding predominatittpugh activation of Y1 and Y5
receptors (Kanatanet al. 2000) and antagonism of the melanocortin MC3 and4M

receptors. Stimulation of MC3 and MC4 receptorsROMC in turn, inhibits feeding
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(Raffin-Sanson & Bertherat 2001). Afferent fibrek tbe vagus nerve also provide a
gateway for neural signals (mainly satiety) frora gut to the brain stem (Willianeg al.
2001). The brain stem is linked to the hypothalamiasprojections from nucleus tractus

solitarius neurones to the PVN and lateral hypatimais (Neargt al. 2004).

1.6.2 Control of Appetite: Role of Gut Peptides

Episodic signals arising from the gastrointestirett such as peptide YY (PYY), ghrelin,
cholecystokinin (CCK), and glucagon-like peptidéGLP-1) regulate meal initiation and
termination. Tonic signals such as leptin and insalre responsible for maintaining
energy balance and fat stores over weeks and maather than meal-to-meal basis
(Blundell et al. 2008). Together, the integration of episodic amwid signals provides

information to the hypothalamus that will furthegulate feeding behavior to promote

energy balance.

1.6.2.1Peripheral Orexigenic Peptide: Ghrelin

Ghrelin is the only gastrointestinal hormone wititgmt orexigenic properties. It is a 28-
amino acid peptide, primarily released by the oxyglands of the human gastric mucosa
(Sakataet al. 2002), but is also isolated from other tissues saghthe hypothalamus
(Cowleyet al. 2003), pancreas (Volant al. 2002a), lungs (Volantet al. 2002b), and
anterior pituitary gland (Korbonitet al. 2001). The majority of ghrelin actions are
produced through its binding with receptor growthrrhone secretagogue receptors la
(GHSR-1a) which are found distributed in the braitomach, pancreas, kidney (Uegto
al. 2005) and expressed abundantly in the hypothalg¢@uanet al. 1997). Modification

of its hydroxyl group at the third residue, a seyiwith n-octonoic acid produces acylated
form of ghrelin, which is essential for binding ttee GHSR-1a, therefore deemed to be
the biologically active form of ghrelin (Castaneeiaal. 2010). Due to its widespread
expression in various tissues, ghrelin exerts ipleltphysiological effects in the human
body. Ghrelin is a potent releasing-stimulator obvgh hormone from the anterior
pituitary via activation of the GHSR-1a (Kojined al. 1999). Apart from GH, ghrelin has
also been reported to influence other endocrineeiens such as insulin (Toret al.
2010) and cortisol (Schmiet al. 2005).

Perhaps the most widely discussed ghrelin fundsoits role in the regulation of food

intake and energy balance. The effects of ghrefinfand intake are by a large part
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mediated by the hypothalamic arcuate nucleus (AR{on binding to its receptors,
ghrelin stimulates the activity of neurons expmegdNPY and AgRP, both of which are
appetite-stimulating (orexigenic) peptides (Mor&nSchwartz 2001). The secretion of
ghrelin by the stomach depends largely on the tital state. Plasma concentration of
ghrelin peaks under fasting conditions before alpsemgesting a role in meal initiation
(Cummingset al. 2001) and levels off to a nadir after a meal amtdase again after
gastric emptying before next meal (Cummiegsl. 2005). Many studies have shown that
intravenous infusion of ghrelin increases energgka from buffet meals by in both lean
and obese humans (Drue¢ al. 2006; Druceet al. 2005; Wrenet al. 2001). Ghrelin
concentrations have been shown to correlate witig@iuscores (Cummings al. 2004;
Wren et al. 2001) and inversely associated with intermealruate (Cummingset al.
2001). However, there is also strong evidence ghatlin levels rise in anticipation of a
meal, rather than eliciting a meal, and can be itomeéd by habitual meal patterns
(Frecka & Mattes 2008). Magnitude of ghrelin suggien in the postprandial period is
dose-dependently related to amount of ingestedriealdCallahanet al. 2004), and
carbohydrate and protein suppress ghrelin morectaefédy than fat at equals loads
(Foster-Schubest al. 2008; Thorneet al. 2008).

Besides playing a role in the short-term regulatibfood intake, ghrelin might also play
a role in the long-term regulation of energy baéreeripheral chronic administration of
ghrelin in rodents results in prolonged hyperphagid increased adiposity (Tscheipal.
2000). Supporting the role of ghrelin in inducingsfiive energy balance, some studies
have shown that the pharmacologic blockade of ghadcreases food intake and body
weight (Wortleyet al. 2005) and mice lacking ghrelin signalling are pobéd against
diet-induced obesity (Zigmaet al. 2005). The putative adipogenic effects of ghrétin
humans however, remato be shown because it is possible that ghrelin ditisrent
effectson energy balance in humans and rodents (Hoetadh 2001). In humans, plasma
ghrelin levels are inversely correlated with bodyjpasity (Tschopet al. 2001), being low

in the obese, higher in lean subjects, and thesdsléncrease with weight loss in obesity
(Hansenret al. 2002). Whether low levels of ghrelin in obesity negent an adaptation to

the state of positive energy balance or an incceasasitivity is open to debate.
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1.6.2.2Peripheral Anorexigenic Peptides: Peptide YY (PYY)

PYY, or peptide tyrosine-tyrosine, is a 36-aminadgoeptide produced by the entero-
endocrine cells of the ileum and colon (Adrietral. 1985a). It is also found in the upper
gastrointestinal tract, pancreas, and hypothalafidblad & Sundler 2002). There are
two endogenous forms of PYY: PY¥s and PYYs.36 the latter is produced by the
removal of two N-terminal Tyr-Pro residues by theti@n of dipeptidyl peptidase IV
(DDP-1V) in the colon (Grandet al. 1994). Removal of the N terminal amino acids
changes the receptor affinity of P¥¥;to Y2 receptors, in contrast to PY which
binds to Y1, Y2, Y4 and Y5 receptors (Blomqvist &itdog 1997). PYY regulates a wide
range of gastrointestinal functions that are maimlybitory such as inhibiting gastric and
pancreatic secretion (Adriset al. 1985b), delaying gastric emptying (Allen al. 1984)
and increaseshe absorption of fluids and electrolytes from tileum aftera meal
(Hoentjenet al. 2001). Such PYY-mediated effects on digestion @sses, by essentially
increasing absorption time lead to another wellviamdéunction of PYY as a potent satiety
signal. In humans, PYaY;sis the main form produced postprandially, with levygeaking

to a plateau 1 — 2 hours following food intake @aad remain elevated for up to 6 hours
(Adrian et al. 1985a). PYY concentrations are proportional t@ialload (Degeret al.
2005), with progressively larger increases beirenster ingestion of fat as compared to
carbohydrate and proteins (Adriahal. 1985a). Helowet al. (2008) demonstrated that a
high-fat meal induced immediate increase in posigied PYYs;3, wWhereas the
postprandial increase in P¥¥s following a high-protein meal was delayed, conahgdi
that increasing both fat and protein content of @lhmmay induce an immediate and

prolonged satiety effect in humans.

The role of PY¥.3sin satiation demonstrated in many studies makes pleiptide a
promising anti-obesity therapy (Batterhash al. 2002). Peripheral administration of
PYY;.3eat doses generating postprandial physiological eotnations has been shown to
inhibit food intake (Neangt al. 2004). PY Y35 crosses the blood brain barrier freely to
bind to the Y2 receptors in the hypothalamus (Baylae 2006), which leads to an
inhibition of the NPY neurons in the arcuate nusland a possible reciprocal stimulation
of the anorexigenic POMC neurons to decrease fotadke through stimulation of satiety
(Batterhamet al. 2002). Consistent with this model, the satiatiffgas of PYY; _ssare
abolished by pharmacologic blockade of Y2 recep{@sott et al. 2005). Peripheral
administrations of PYY 3 demonstrate dose-dependent decreases in energge ifiea

Rouxet al. 2006), and is capable to inhibit food intake feveral hours (Halatcheat al.
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2004; Batterhanet al. 2002). A study by Batterhamt al. (2003) demonstrated a 30%
reduction in caloric intake and subjectivenger during a buffet lunch offered two hours
after the infusion of PYY 3 in theobese subjects, also suggesting that obesity is not
associated with resistance to PYY, in contrast besdy-related leptin resistance
(Bjgrbaek 2009). Interestingly, obese subjects Hmen shown to have relatively lower
postprandial PYY levels compared to lean subjeletsRpux et al. 2006; Stocket al.
2005). However, PYY levels are reported to be dkxvan obese patients following
bariatric surgery (Reinehet al. 2007) or vertical-banded gastroplasty (Alvaedzal.
2002), which may have contributéml reduced food intake and consequently weight loss
post-surgery. Taken together, all these findinggyest a role of PYY in satiety regulation

by reducing the energy intake side of the enerdgrua equation.

1.6.3 Control of Appetite: Role of Adiposity Signalling

Apart from the neural stimulation and gut peptidmals that help regulate food intake on
a meal-to-meal basis, satiety processes can beeddoy changes in body adipositye(
adiposity signals). Adiposity signalling involvesiraulating hormones which are
relatively constant and proportional to adipossugsmass and act as tonic signals to the
brain for regulating food intake and body weigheoilong periods of time (Trayhurn &
Bing 2006). Critical elements of this control systare hormones secreted in proportion
to body adiposity, which are leptin and insulinsutin was the first hormone to be
implicated in the hypothalamic control of food ikéaand long term stability of body
weight (Kennedy 1953). Central administration dfuiin to the hypothalamus caused a
reduction in food intake in dogs (Bauet al. 1993). Theob/ob mouse, completely
deficient in leptin, is characterised as hyperpbabyperinsulinaemic, and obese, while
chronic administration of leptin to tleb/obmouse results in sustained reduction in body
weight, and reduced food intake (Cheial. 1996). During states of negative energy
balance i(e. fasting, starvation), less insulin and leptin seereted. As a result, anabolic
pathways are stimulated which leads to condititwas favour increased food intake and
energy storage. Conversely, during states of pesegnergy balance, the adipose tissue
expands and increases concentrations of leptiriresudin. The resulting output from the
brain favours reduced food intake and a reductiah® size of adipose mass. These key
negative feedback pathways help maintain stalwfithe size of body adiposity over time
(Trayhurn & Bing 2006).
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Figure 1.3 Model of central and peripheral regulation of appeite and food intake Solid
arrows represent stimulatory action while dottecbwas represent inhibitory action. Plus signs
indicate hunger stimulation, and minus signs ingiceatiety stimulation. In the short-term
regulation of food intake, ghrelin, released frompéy stomach, binds to the receptors in the ARC
to activate NPY and AgRP containing neurons to wtite hunger, while inhibiting POMC-MSH
neurons. In contrast, following a meal, PYY fromlazo binds to the receptors in the ARC,
stimulating POMC-MSH neurons to activate satietyilev inhibiting the ghrelin-NPY/AgRP
pathway. Signals from the gastrointestinal tractl aarious other gut hormones act on the
hypothalamic centers via vagus nerve to reduce fotake. Long-term (tonic) signals such as
insulin and leptin, released in proportion to baaiposity, positively regulate POMC-MSH
neuronal pathways, stimulating satiety center addicing activity of NPY/AgRP neurons driving
the appetite behaviouhbbreviations AQRP: agouti-related peptide; ARC: arcuate nyckK:
cholecystokinin; GLP-1: glucagon-like peptide 1;TGgastrointestinal tract; NPY: neuropeptide
Y; PVN: paraventricular nuclei; POMC-MSH: melanaaoerived proopiomelanocortin; PYY:
peptide YY.
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1.6.4 Control of Appetite: Role of Non-Metabolic Factors

Traditional views of the regulation of energy homiasis pointed strongly to the
hypothalamus as the key area for the physiologowaltrols of appetite and energy
balance. Recently however, it was also considdnat the regulation of appetite is not
limited to the hypothalamus, but engage other pafrtthe brain, particularly the caudal
brainstem and limbic forebrain circuit, which ind&ithe hippocampus, amygdala #mel
substantia nigra; areas that are implicated in atgdj motivation and reward aspects of
feeding behaviour (Figlewicz & Benoit 2009). Thisdlto the expanded view of the
control of energy homeostasis which includes neum&gration of metabolic and
behavioural drives in the regulation of food intakehas been identified that adiposity
signals and other metabolic signals can modulatéénkareas that are involved in the
processing of external food cues.d. sight and smell of palatable food) and reward
functions €.g. liking, wanting) (Blundellet al. 2010; Figlewiczet al. 2007). Liking
reflects the immediate experience or anticipatidnpteasure from the orosensory
stimulation of eating a food of tasting a particidtzod (Mela 2006). Neural circuits in the
hindbrain, as well as areas in the ventral striammd amygdala are involved in the
expression of liking (Shiet al. 2009). Intracerebroventricular (ICV) infusion ofsulin

in rats decreased activity in a 5-min sucrose -hate’ task, which represents a ‘pure

hedonic’ response of the animal to a solution @gtzet al. 2007).

Wanting, or incentive salience, refers to the @ewractually ingest a particular food, and
is usually, but not always, follows liking (Blundlelt al. 2010). While liking is a sensory
process, wanting is linked to the mesolimbic doparsystem, which is crucial for the
orchestration of motor action to obtain rewardsir{S al. 2009). Leptin and ghrelin can
act directly on the mesolimbic dopamine neuronsntwlulate ‘wanting’ of food; leptin
administration decreased firing rate of dopamineroes and food intake (Hommelt al.
2006) while ghrelin ICV in rats increases progresgiatio performance to obtain food
reward (Jeweet al. 2006). Thus, metabolic feedback signals involvedppetite do not
act exclusively on hypothalamus, but also on sengmthways and cortico-limbic
structures, indicating that hedonic processes agmhittve functions are also important
for the control of food intake and the regulatidrenergy balance (Shigt al. 2009). This
concept is especially important for the study ofdieg behaviour in the obesogenic,
modern environment, where food is easily-accesiaergy-dense, and physical activity
is being reduced to a luxury afforded by environtreerd lifestyle (Finlaysoet al. 2007).
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1.6.5 Control of Appetite: Role of Physical Activity

Physical activity could influence the regulationfobd intake by adjusting the sensitivity
of appetite control or by altering energy balari tould adjust the drive to eat (Kiag
al. 1997). Many efforts recently have also looked imbav exercise can modulate appetite
control by investigating gut peptides in resporsexercise. Ghrelin and PYY are among
the short-term signals that received wide attentierthey are responsible for meal-to-
meal regulation and have potential correlation vatibjective feelings of hunger and
satiety (Benelam 2009). Leptin and insulin leveWjle they are responsible for long-
term regulation of energy balance and appetiter teeels are unlikely to have changed
in short-term exercise interventions where no ckaimgbody composition is observed
(Kraemeret al.2002).

1.6.5.1Effects of Acute Exercise on Appetite and Energy ltake

Exercise leads to an increase in energy expendiaumd therefore results in negative
energy balance. It seems rather natural that theggrdeficit induced by exercise would
be compensated for by an increase in food intakenéintain energy balance. This
assumption was first made 50 years ago by Mayat. (1956), through a study assessing
the relationship between physical work and calortake in Indian men, implying that
‘the regulation of food intake functions with sutdxibility that an increase in energy
output due to exercise is automatically followed &y equivalent increase in caloric
intaké. However, evidence to date is still ambiguouse Timajority of studies have shown
that acute aerobic-type exercise did not alterggnieitake and hunger sensations (Kétg
al. 2010b; Unicket al. 2010; Malkovaet al. 2008; Imbeaultet al. 1997; Kinget al.
1997b; Westerterp-Plantega al. 1997; Thompsoret al. 1988), and a few studies have
reported reductions in hunger sensations withoutcomitant changes in food intake
(King et al.2010a; Boreet al. 2009; Lluchet al. 1998; Kinget al. 1997).

However, other studies have documented an incrieaappetite sensations (Kirgt al.
2011a; Dodcet al. 2008; Marakiet al. 2005; Vergeret al. 1992) and absolute energy
intake (Finlaysoret al. 2009; Martinset al. 2007a; George & Morganstein 2003; Verger
et al. 1994; Vergeret al. 1992) in response to acute exercise. The lackootistency
among studies could be attributed to variationgxercise intensity (Thompsost al.
1988), mode of exercise (King & Blundell 1995), ntidnal state (Durranét al. 1982),
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or composition of test meals (Hubettal. 1998). In addition, exercise has been shown to
improve appetite sensitivity in response to coyedload energy manipulation, where
active individuals seem more able to distinguishwikeen preloads by adequately
adjusting energy intake at a subsequent meal, mgratetter short-term appetite control
(Martinset al.2007b; Van Wallegheet al. 2007; Kinget al. 1999). Overall, the evidence

points to a rather weak coupling between energgediure and energy intake.

1.6.5.2Effects of Chronic Exercise on Appetite and Energyntake

In one of the earliest work of monitoring the canglbetween energy intake and energy
expenditure over a long term, Edholet al. (1955) demonstrated that there was a
significant correlation between energy expenditarel energy intake 2 days later in
military cadets. This led to Edholm (1977) to rekntirat we do not eat for today but for
the day before yesterdayn further attempts to investigate this delaymampensatory
response, many studies however, have found no awapen in energy intake in
response to physical activity interventions (BluhdeKing 1999; McGowarnet al. 1986;
Dickson-Parnell & Amos 1985; Weet al. 1982). The limitations with long-term exercise
intervention studies are that most energy intakesewnonitored using dietary record,
which may not always be accurate, and subjects ¢féel a preconceived goal associated
with weight reduction, therefore under these coond#, energy intake can be controlled

deliberately and may not be entirelg libitum

A few studies have reported a partial compensatimigrease in energy intake
corresponding to increases in energy expenditulenig term studies ranging from 6 — 19
days (Whybrowet al. 2008; Stubb®t al 2002a; Woo & Pi-Sunyer 1985a; Durraattal.
1982). Irrespective of gender, there is also a idenable variation in the extent of
compensation, which may explain the variable si&oesxercise interventions on weight
loss because some individuals possess adaptive amenois to oppose the negative
energy balance resulting from the imposed exerg@tgdaysonet al. 2011; Kinget al.
2008). Overall, there is very little evidence ofrqgete compensation in energy intake in
response to exercise-induced energy expendituravekder partial compensation is
possible. Partial compensation for exercise-indweeergy deficits is detectable over two
weeks, and is slow and variable between individ(@landell et al. 2003). Reasons for
variability in energy intake compensation for thcreased energy expenditure from
exercise are still unclear, but might be at leastially explained by exercise-induced

changes in neural and/or hormonal stimuli thaurrfice sensations of hunger and satiety.
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1.6.5.3Effects of Exercise on Gut Peptides: Ghrelin

Among many gut peptides, ghrelin is the only gyitpee associated with meal initiation,
and as its levels correlate with energy deficitr@uingset al. 2005), it is possible that
exercise may influence ghrelin levels. Similar tergy intake, studies on the effects of
acute exercise on plasma ghrelin are equivocal;ynstudies have reported no change
(King et al 2010b; Burnst al. 2007; Zoladzt al. 2005; Kraemeet al. 2004a; Schmidt
et al. 2004), in addition to both exercise-induced suggitn (Marzulloet al. 2008;
Malkovaet al. 2008; Toshinaet al. 2007; Vestergaardt al. 2007; Kraemeet al. 2004b)
and augmentation (Jurimas al. 2007; Erdmanret al. 2007; Boreret al. 2005). The
ambiguity in studies concerning acute exercise gimelin could be attributed to one
important determinant: exercise energy expendituie.well known that energy deficit is
a strong stimulus for ghrelin increase (HagobiaBi&un 2010; Ravussin ei. 2001),
hence the likelihood for ghrelin levels to changaymmot occur with relatively small
exercise-induced energy expenditures. Additionalhg effects of exercise on ghrelin
levels can vary with subjects’ gender (Hagoleaml. 2009), body adiposity (Marzullet

al. 2008), exercise intensity (Fatat al. 2010), among others, which may explain why
findings are inconclusive. Several studies havengxed changes in ghrelin with chronic
exercise and reported increase in fasting ghrelels (Kelishadiet al. 2008; Foster-
Schubertet al. 2005; Leidyet al. 2004). One interesting point to note from theselists
was that ghrelin levels increased commensuratdly thie amount of weight lost and no
changes were observed in subjects who were weigtliles post-intervention, thus
suggesting that ghrelin levels are only alterezhdnges in body mass occumdeed, data
from recent studies measuring changes in acylateelig concentration with long-term
exercise training in overweight adolescents pdglavith previous findings that exercise
training does not affect ghrelin concentrationshiea absence of weight loss (Jortsal.
2009; Kim et al. 2008). The mechanisms underlying this responseaireno be
elucidated.

1.6.5.4Effects of Exercise on Gut Peptides: PYY
Less is known regarding the response of other guinbnes to exercise. Only few

investigators have examined the effects of exemmsalterations in PYY. Several studies

have demonstrated increases in fasting and posliptdavels of other satiety hormones,
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e.g.pancreatic polypeptide (PP) and GLP-1 after exer@linicket al. 2010; O’Connor
et al. 1995), but there is a paucity of data on PYY. Eymgy evidence is suggesting that
exercise may stimulate PYY levels in a directiorstppress energy intake, which may
provide a physiological explanation for reducedhorchanges in food intake following
exercise bouts. Uedat al. (2009b) and Broonet al. (2009) recently reported that PYY
levels were increased after an acute bout of moeleseercise, followed by a concomitant
reduction in energy intake (Ued&aal.2009b). With regard to long-term exercise training
one study has observed an increase in PYY contemsaafter an 8-week aerobic
exercise (Jonest al. 2009). Collectively, these findings suggest thélYRnay regulate
appetite during and after exercise, but more rebewr required to establish the role of

exercise in modulating PYY concentrations.

1.7 Issues Associated with Measurements of Energy Intak

The measurement of food intake is crucial to ttierein understanding how exercise can
influence energy intake, however this has provedbdovery difficult in practice. The
optimal experimental protocol is likely to remaitusve because of the complex and
multifaceted nature of eating behaviour (Blundell al. 2010). Reproducibility,
sensitivity, and feasibility are among the issues aire often associated with the methods
in assessing energy intake in laboratory studreadtition, behavioural components such
as dietary restraint and disinhibition should bdestainto account when recruiting subjects

for appetite-related studies.
1.7.1 Dietary Record

The traditional way of measuring food intake in free living setting is by using the diet-
diary method, in which subjects are asked to reweaight and type of food consumed on
a daily basis for up to 7 days. Provided all foad &ftovers are named and weighed and
accurately, and the normal feeding pattern is tetex in the process, this procedure can
produce a reliable and valid estimate of food iatgBingham 1987). However, a
reporting bias in measuring food intake with thisthod can easily affect the outcome of
intervention studies (Lissnet al. 1998). Under-reporting is the most common biah wi
discrepancies between reported energy intakes aedsured energy expenditures
(measured with the doubly labelled water methoda®ynuch as 20-50% below what is
normally ingested in both lean (de Castro 2000;i$G&r Westerterp 1999) and obese
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individuals (Goriset al. 2000). Thus, measurements of food intake usintadigecords

need to be scrutinised with care to ensure thatighe conclusions are drawn.

1.7.2 Buffet-Style Meals

Laboratory-based, buffet-type meals serve as alpp@lternate to the dietary record
method, in which subjects are provided with a s&lacf food to choose from, and food
weighing is done in a covert manner. Although tke af a buffet-type meal is not fully
representative of free-living conditions and camdleto overfeeding, it can allow
measurements @d libitum energy and macronutrient intakes and can be useddsess
short-term energy compensation, with subjects bkimgled to real purpose of the buffet
(Blundell et al. 2010). With little contamination from external luénces, it is considered
a valid and reliable method to assess feeding hetnafArvaniti et al. 2000; Stubbegt al.
1998).

1.7.3 Appetite Questionnaires (VAS)

Appetite is a subjective concept used as a proxipad intake and can be defined as a
range of sensations associated with food consumgttartins et al. 2008a; Blundell
1991). Visual analogue scales (VAS) are the moshmecon form of assessment to
guantify subjective ratings of appetite, using dppeelated terminologies developed by
Rogers and Blundell (1979). VAS exhibits a good rdeg of reliability and
reproducibility, sensitive to exposure of food caments, and is predictive of energy
intake in experimental conditions (Fliet al. 2000; Stubbset al. 2000). When used
appropriately, VAS can provide useful informatiohem combined with other aspects of
feeding behavior (Stublet al. 1998).

1.7.4 Biomarkers

Biomarkers can be either indicators of appetiteéhey can be proven to be causal factors
of appetite (Delzennet al. 2010). The use of gut peptides as biomarkers dedihg
behaviour is rapidly gaining interest as these gijghals form an integral part in the
mechanisms behind the regulation of food intake emergy balance in humans. For a
biomarker to be useful, it should be feasilwkproducible, sensitive, and specific (de
Graafet al. 2004). Feasibility represents relatively obtaieat#sults by using methods

that are both ethical and minimally invasive, arh de used to assess the effects of
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interventions within a reasonable time. The sengjitand specificity reflect the strength
of the relation between marker and measures of tegp@le Graafet al. 2004).
Biomarkers however, cannot be used on their owwguantify satiety or hunger, but
together with other measurements they can be itadikaf appetite and food intake
(Delzenneet al.2010).

1.7.5 Computer-Based Procedure

Recently new to the assessment of food intake dsmaputer-based procedure. Several
investigators have employed this innovative appno&Brunstrom & Rogers 2009;
Finlaysonet al 2009), which can be designed to assess varialexés associated with
food intake and feeding behaviour. Traditionallyethods such as test meals or buffet
meals and visual analogue scales are used to dhseasute effects of exercise on food
intake or preference. However, these methods areesigned and may not be sensitive
enough to detect more subtle exercise-inducedasilbass in the hedonic measures as well
as behavioural and cognitive processes that infledood intake (Finlaysoet al. 2009).
Furthermore, computer-based procedures allow feesasnents using a wide array of
food items that is usually impractical with buffeeals, in a relatively short amount of

time.

1.7.6 Restraint and Disinhibition

Appetite is not only regulated by physiological geseses, but also from external stimuli
arising from food and the surrounding environmertthsas hedonic, psychological, social
and cultural stimuli. In the face of current obggandemic, restricting food intake in
order to maintain or lose weight is becoming anartgnt behavioural concept (Martins
et al.2008b). Dietary restraint refers to the extenwkich individuals are concerned with
their body weight and it characterised by self-isgub resistance to internal and external
cues that regulate feeding behaviaug.dieting (Herman & Mack 1975). It is therefore a
common practice to exclude restrained eaters frppetite-related studies on the basis
that they have tendencies to exhibit atypical gati@haviour, as well as showing altered
metabolic (Westerterp-Plantega al. 1992) and endocrine functions (Pirkeal. 1990).
Disinhibition reflects a tendency towards over{egtiand failure to maintain dietary
restriction. It includes eating in response to miggaemotions €.g. distressed, upset),
over-eating when others are eating, not being blesist stimulation to eat and over-

eating in response to the palatability of food @nyet al. 2008). In relation to appetite,
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individuals with high disinhibition scores are agsted with a higher liking for and
consumption of high-fat foods, sweet foods and latoand negatively associated with
the consumption of vegetables, fruit and high-filmead (Contentcet al. 2005).
Disinhibition has also been linked to an increasedency to eat when people are
subjected to various challenges or interventiorsd threaten to disturb energy balance
(i.e. exercise) (Bryantet al. 2008). This raises the likelihood of exercise-icetl

compensation in energy intake in exercise studies.

1.7.7 Attachment Behaviours

Attachment behaviour is a broad theory of socialettgpment that describes the
representational model of close interpersonal igglahips, and it reflects early-life
interactions with primary caregivers. Attachmernitdaours are interpersonal actions that
are intended to increase an individual's senseairgy, particularly in times of stress or
need (Ravitzet al. 2010). These are assessed in terms of two dimengie. anxiety
about abandonment and avoidance of intimacy) anidlascore on one or both of these
dimensions is taken as evidence of an insecurehatt@nt orientation (Brennan 1998).
Adult attachment is becoming increasingly import@npsychosomatic research because
attachment influences many biopsychosocial phenamgwluding social functioning,
stress response, psychological and well-being (Ravial. 2010). It was recently noted
that attachment anxiety is evident in eating bedwatyiand is particularly associated with
disinhibited eating and increase in BMI, manifestgdthe tendency to seek comfort
through overeating (Wilkinsoet al. 2010). Over time, this behaviour may lead to a
positive energy balance and weight gain. Identdyiattachment orientation as a
potentially important aetiology of disinhibited iwt may provide insight into the many

behavioural aspects of feeding behaviour.
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1.8 Aims of Thesis

A large amount of evidence has shown that exersiséfective at ameliorating metabolic
perturbations during postprandial state by lowerpastprandial triglyceridaemia and
insulinaemia as well as enhancing fat oxidationwkler, most of the effects observed
have been in absencead libitumfood consumption. The question of whether exerisise
as potent in favourably altering postprandial melisin when meals are consumad
libitum as compared to standardised laboratory test misatsjrrently unknown as no
such work has been published. Furthermore, givahititrease in food intake being the
most common form of compensatory response to eseeinduced energy deficits (King
et al. 2007), this could pose a potential limitation dre teffectiveness of exercise in
inducing negative energy and fat balance. Thereftre first experimental chapter
(Chapter 3) of this thesis was aimed to determireeeffects of exercise on postprandial
metabolism in response tad libitum feeding, in an effort to replicate free-living

conditions more closely.

Evidence from the short-term studies on exercis® emergy intake is equivocal, with
most studies pointing to a loose coupling betweearaise and energy intake (Hopkiets
al. 2010). It is likely that the body cannot detect Brohanges in energy balance, which
might explain why some acute exercise studies daite observe any compensation in
energy intake. Therefore it is possible that thera threshold for energy deficit to be
achieved before the compensation drive in enerakais kicked in. The aim of Chapter
4 is to investigate the effects of different levetsexercise-induced energy deficits @
libitum food consumption, appetite behaviour and gut peptesponses.€. ghrelin,
peptide YY).

The published literature present strong evideneg¢ éxercise, when undertaken in the
fasted state, is very effective in inducing negathat balance. However, as food is
consumed under free-living conditions, and con@merthat fat oxidation can be

suppressed following carbohydrate consumption,dais potentially reverse the negative
fat balance induced by exercise. Thus, in detergithe optimal exercise condition to
maximise negative fat balance, the entire day shbel evaluated, from pre-exercise,
throughout post-exercise periods and subsequentintake. Chapter 5 was designed to

address the gaps in the literature relating to mesxing periods of negative fat balance
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across daily meals and exercise periods, by iryatitig the effects of timing of meal

around exercise period on postprandial metabolsmell as feeding behaviour.

In human feeding behaviour, it is well known tHag stimulus to eat is can be influenced
by non-metabolic/behaviourale.. hedonics, reward, restraint) factors, which can
sometime outweigh internal state signals. Becadisthi®, the measurement of energy
intake using the traditional buffet-style meal nuethcan pose limitations in appetite-
related studies. Therefore, in the final experiraeohapter of this thesis, a pilot study
was designed to determine the factors that areciaéed with feeding behaviour using a

novel, computer-based approach, in response te asetcise.

And finally, because lean individuals seem to b& @b maintain stable body weight
better than their overweight counterparts (Hankinebal. 2010), and perturbations in
postprandial metabolism are a common feature irsigb€Gill et al. 2004; Lewiset al.

1990) and men (Knuth & Horowtiz 2006; Kolovet al. 2006), this particular subset of

the population was therefore chosen for most ofrifiestigations.
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CHAPTER 2

General Methods

This chapter provides a description of all genarathods that have been implemented in
the following experimental chapters. Methods spedid individual chapters will be
highlighted as such. Methods used for statisteal data analyses are not reported here

but rather are described separately in each expatahchapter.

2.1 Subject Recruitment and Screening

Subjects were recruited from the student populatdnUniversity of Glasgow and
residents in the Glasgow area via local advertisamg advertisement websites. All
subjects were required to attend a screeningafighie university prior to participation to
ensure they met with the inclusion criteria of eatidy. They were provided with an
information sheet describing the aim of the stutlg, experimental procedures involved
and any potential risk or discomfort associatedhliese procedures. Written, informed
consent was recorded for each subject. Questi@maletailing the subject’s past and
present health status and family history of dise@s® complete@Appendix A). Resting
blood pressure was measured using an automatedgraphyanometer (Omron
Healthcare, Inc., lllinois, USA) and fasting fingatick blood samples were taken to
determine glucose and total cholesterol levels gugkeflotron® Plus instrument and
Reflotron® Test reagent strips.

2.2 Anthropometric Measurements

2.2.1 Standing Height

Height was measured using the stretch stature mietha stadiometer (Seca, Hamburg,
Germany). Stature is the maximum distance fromfliher to the highest point of the
skull when the head is held in the Frankfort plansition (Ross & Marfell-Jones 2001).

Measurement was recorded to the nearest 0.1 cm.
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2.2.2 Body Mass

Body mass was measured in light and minimal clgthémd without shoes using a
balanced-beam scale. Measurement was recordee toetdrest 0.01 kg. Body mass was
measured using the same balance scale throughexparimental studies. BMI was then

calculated at weight in kilograms divided by thei@eg of height in meters.

2.2.3 Circumference Measurement

Waist and hip circumference were measured in comtile the skin using a flexible, steel
tape measure (Supralip®160, West Germany). Waistuiference was taken with
subjects standing with feet shoulder-width apad amms on the side and landmarked as
the narrowest part of the torso, mid-way betweenitiferior margin of lowest rib and the
iliac crest with the abdominal muscles relaxed. Eiggumference was taken with the
subjects standing with feet together and arms ithe and landmarked as the maximum
circumference over the trochanters (buttocks) (Letml. 1995). The tape was placed
horizontally directly on the skin with respect totl landmarks. All measurements were
taken at the end of a normal expiration, with répeseasurements. If the two

measurements disagreed by more than 1 cm, a tleiedunement was made.

2.2.4 Skinfold Thickness Measurement

A skinfold thickness is defined as a measure ofdbeble thickness of the epidermis,
underlying fascia and subcutaneous adipose tisswdifferent standard anatomical sites
around the body. The following four sites were uaedording to Durnin and Womersley
(1974) who validated the sum of four skinfold teks against densitometry and devised
sex- and age-dependent population-based lineaessign equations to estimate total

body density:

1) Biceps: vertical skinfold raised on the anterior aspEdhe biceps;

2) Triceps: vertical skinfold raised on the posterior aspettthe triceps, mid-way
between the olecranon process and the acromioregsdshoulder) when the hand is
supinated,;
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3) Subscapular. oblique skinfold raised 1 cm below the undermtistof the inferior
angle of the scapula at approximately 45° to thezbatal plane following the natural
cleavage lines of the skin;

4) Suprailiac: diagonal fold raised immediately superior thestref the ilium on a

vertical line from the mid-axillary line

Skinfold sites were landmarked on the body priomasurement so that repeat measures
can be taken at the same place. The skin at eapeative site was pinched up firmly
between thumb and forefinger to raise a doublerlayekin and the underlying adipose
tissue, excluding the muscle tissue. The calipenewhen applied to the fold with 1 cm
between the edge of fingers and the nearest edgeofcalliper and a reading in
millimeters (mm) was recorded. All skinfold measuveere taken on the right side of the
body with skinfold callipers (Holtain Ltd., Crymyck/K). Measurements were recorded
in duplicate for each site, not taken consecutil®ly by running through all sites once
and back again as to allow the skin to regroup betwmeasurements. If the readings for
each site were more than 5% apart, a third measurewould then be taken, and the two
closest measurements were taken for calculatidre siim of the four skinfold&4SF =
biceps + triceps + subscapular + suprailliac) wakutated. Relative fat mass was
derived from the formula of Durnin and Womersle®{4) equation for estimating body

density in combination with Siri's equation forigsiting body fat percentage (Siri 1961):
Density (g.cr) = ¢ — m (logz4SF) (Eq. 2.1)

where:
¢ and m = standard age and sex-specific coeffiient

¥4SF = sum of all four-site skinfolds (mm)

Once the density was calculated, the Siri equatias used to estimate body fat
percentage:

Body fat percentage (%) = [(4.95/body density).5] x 100 (Eq. 2.2)
where:
D = density
4.95 and 4.5 = constants
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2.3 Incremental Submaximal Exercise Test

In Chapters 3, 4, and 5, a submaximal incrememticise test was performed to predict
maximum oxygen consumptionVp, max) for each subject prior to commencing main

trials. The test was designed to exercise subjgetaugh a range of intensities from
moderate to vigorous but not maximum. The test istet$ of four, continuous 5-min
stages of walking on a treadmill to determine tkkationship between gradient and
oxygen consumption at self-selected walking spdeabout 5 — 6 km-h (Figure 2.1).
The first stage of the test was performed on al leeadmill and gradient was increased
by 2.5 — 3.0% at the end of every stage dependingubject’s heart rate response in the
previous stage: if heart rate exceeded 100 beatsnpaute in the first stage, a 2.5%
increment was used for subsequent stages. Eadhlattgd five minutes with expired air
being collected into Douglas bags during the last minutes for the determination of
oxygen uptake and carbon dioxide output using tbhedlas bag method (described in
section 2.4.2). Five-minute stages were perforreghtsure subjects were in steady state
during expired air collection periods. Heart rateswecorded continuously during the test
and the Borg scale was used to assess subjectsiyet exertion simultaneously with
the expired air collections at the end of evergastalhe test was terminated if subject’s
heart rate reached 85% of his predicted maximunnt mate. At the end of the test, the

oxygen uptake at each stage was plotted againsiete rate and gradient to estimate the
gradient and speed necessary to elicit an intensitiesponding to 50%/ 0, max during

the main trials.

Gradient 9%

Gradient 6% .
Gradient 3% 18 20
13 15
8 10

Gradient 0% \
3 5

Figure 2.1 A schematic diagram of a 4-stage submaximal increméal test (black boxes
represent expired air collection and heart ratesoresnents).

Time (minutes) >
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2.3.1 Heart Rate Monitoring

Exercise heart rates were monitored using a Pdiaart rate telemetry system which
consisted of a heart rate transmitter and a weseiver (POLAR, Kempele, Finland)
during the submaximal exercise test and all exertimls. Exercise heart rates were
obtained at 30-second intervals during the lastroimeite of every expired air collection

stage and the average was then calculated.

2.3.2 Rating of Perceived Exertion (RPE)

RPE was determined using a 15-point category qfam 6 to 20) introduced by Borg
(1970), at the end of every expired air collecstage in all exercise bouts by presenting
the subjects with the scale within easy reach ahehg them to point to the number that

corresponded to their respective level of effod arertion.

2.4 Expired Air Measurements

2.4.1 Resting Metabolic Rate

Resting metabolic rate (RMR) was measured at besalsing open circuit indirect
calorimetry system with a ventilated hood (Oxycoro,PJaeger GmbH, Hoechberg,
Germany) Figure 2.2). The apparatus included a high-speed differepashmagnetic ©
sensor and an infrared absorption CiDalyser. Before each test, the gas analyser was
calibrated using an automated calibration procedaseprovided by Jaeger, whereby a
calibration gas mixture (16%x05% CQ) was introduced to the system. A bi-directional
flow-volume sensor (consisting of an amplifier, plei V, and the pressure transducer)
calibration was also performed using a calibratdite8 syringe connected to the Triple V
assembly. A series of six complete pumps of thenggrwas repeated until the percent
difference between the current and the previousrael calibration was less than 1%.

Further corrections were made for barometric pressuo the system.

In Chapter 3 and 4, RMR measurement was performedtp commencing main trials to
help estimate energy requirements for the 3-daydstalised diet for each subject. For

RMR determination, subjects arrived in the labamsato the morning following a 12-hour
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overnight fast. Before the start of each measurgme@ch subject was asked to lie quietly
in a semi-recumbent position for 10 min in a terapae-controlled (21°C — 23 °C)

environment. Next, a transparent a ventilated jgldsbtod connected to the gas mixing
chamber by corrugated flexible plasticbing was placed over the subject’s head.
Ventilation was run through the system by meantefflow volume sensor unit. Rates of
oxygen uptake V0,) and carbon dioxide productior/Co,) were obtained at intervals

of 1 min. Measurement was performed for 20 minaies the last 15 minutes of steady-

state values were averaged to determine RMR.

Figure 2.2. Resting metabolic rate / substrate utilisation sneament using the open-circuit
indirect calorimetry system with a ventilated hood

2.4.2 Postprandial Substrate Utilisation

For measurement for substrate utilisation during pbstprandial period (in Chapters 3

and 5), the same procedure described above watnaugh with measurements vfo,
and VCo,taken every minute for 15 minutes and the last ifutes of steady-state

values were averaged.

2.4.3 Measurements of Expired Air During Exercise

Expired air during exercise was collected using@loeiglashag method, which involves
the collection of exhaled air in larg&gnpermeable canvas bags and subsequent

measurement of gas fractioasd expired volumes. The bags should be completely
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emptied using an exhaust pump prior to usage. Sisbjeere fitted with a rubber
mouthpiece and breathed ambient air through a tap-mon-rebreathing valve (Kansas
City, MO) which was connected to a previously exaded 100-liter Douglas bag (Hans
Rudolph P/N 112377, Hans Rudolph Inc., Kansas CI§A) on theexpired side by a 1
m corrugated flexible plastiwose of a 3.2 crdiameter. A nose clip was worn to prevent
nasal breathing. After gas collection, a small dgijaof air was extracted from the used
Douglas bag at a constant flow rate (300 ml-himeasured by a flow meter and then
passed into a gas analyser (Servomex, Sussex,dJ#termine fractions of £and CQ

in the bag. The analyser was calibrated prior wheast using certified reference gases
(BOC Gases, Surrey, UK) of known concentratieng(100% nitrogen, 16% £) 6%
CQO,). The remaining volume of air in the Douglas baaswacuumed out using a dry gas
meter (Harvard Apparatus, Kent, UK). Expired airlwoes and temperature were

recorded. Expired gas fractions and volumes wesp torrected for standard temperature

(0°C) and barometric pressure at sea level (760 g)mbl determinevVo, (STPD),
VCo, (STPD), and respiratory exchange ratio (RER). RERs calculated as
VCo,divided by Vo,.

2.4.4 Expired Air Analysis

Calculation of carbohydrate and fat oxidation ratesd energy expenditure were
estimated fromvVo, (STPD) andvCo, (STPD) according to stoichiometric equations of

Frayn (1983). According to the formula, @ptake and C@production can be assumed

as.:

Vo, (I-min?) 0.746c + 2.03f + 6.04n (Eq. 2.3)

vCo, (I-min™ )

0.746¢c + 1.43f + 4.89n (Eq. 2.4)

where;
¢ = carbohydrate oxidation in grams per minute
f = fat oxidation in grams per minute

n = urinary nitrogen excreted in grams per minute
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For carbohydrate oxidation, 40, of 0.746 litres is associated with glucose oxifatut

increases to 0.829 litres if glycogen is prefemdhtioxidised. Using equations based on
glycogen as a fuel source in a situation whereagamxidation predominates may lead to
a substantial underestimation of carbohydrate axida(Jéquieret al. 1987). These
equations have been derived assuming that ther@n isbsence of net lipogenesis,
gluconeogenesis, or ketogenesis or any acid-basgrllances. These equations were then

solved forc grams of carbohydrate afdrams of fat oxidised per minute:

f (g-min?) 1.67Vo, — 1.67VCo, —1.92 n (Eq. 2.5)

c (g-min?) 4.55VCo,-3.21V0,-2.87 n (Eq. 2.6)

Nitrogen excretion rate was assumed based on aatesimilar studies in the literature to
be 0.00011 ¢g “min™* throughout all trials (Romijret al. 1995; Flattet al. 1985).
Energy expenditure (EE), expressed in kcal'mimas calculated as the sum of each
macronutrient oxidation rate (g.min multiplied by the appropriate conversion factor
(glucose = 3.7 kcalg fat = 9.3 kcal-g) (Livesey & Elia 1998).

EE (kcal-mif) = f (g-mir*) x 9.3 +c (g-min') x 3.7 (Eq. 2.7)

2.4.5 Measurement of Exercise Energy Expenditure

Upon arrival for each exercise session, subject® wequired to sit quietly on a chair
while a resting expired air sample was collected1f® minutes using the Douglas bag
method. This baseline measurement would then bd tsecalculate resting energy
expenditure and to determine the net energy expeedof exercise above the resting
value. The intensity at which subjects exercised estimated individually based on the
previous submaximal exercise test. Before the sthdvery exercise session, subjects
were instructed to perform a 5-minute warm-up apeed one step lower than their pre-
determined walking speed and on a horizontal gradiBuring the actual exercise, speed
was adjusted to match the same walking speed thatused in the prior submaximal

exercise test and a gradient predicted to elici % Vo, max. Expired air was collected

for 2 min at every 13 — 15 minute intervals of time to estimate the energy cost of

exercise. If needed, the treadmill gradient wasstdf after each expired air collection to
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ensure subject was working within required intgnsihe values of expire¥¥o,, VCo,,

and minute ventilation from the 2-min expired angle were then used to calculate the
rate of rates of fat and carbohydrate oxidatiorm& as energy expenditure during
exercise. Net energy expenditure of exercise whsileded by subtracting resting energy
expenditure values from the gross energy expemddtiexercise. The exercise session is
called to end once the required exercise time erggnexpenditure was reached, usually
after the final expired air sample was collectedc®©the bout of exercise was completed,
the treadmill gradient was returned to horizontafobe it was stopped completely.
Subjects were immediately seated on a chair withthpmece and nose clip still in place
and recovery expired air was collected continuotmiyl 5 minutes in three sets: 0-5, 5-10
and 10-15 minutes.

2.5 Dietary Assessment

2.5.1 Dietary Restraint

In Chapters 3, 4, 5 and 6, dietary restraint inestib was evaluated using two types of
guestionnaires, the Three-Factor Eating Questioan&tunkard & Messick 1985) and
the Dutch Eating Behaviour Questionnaire (DEBQ) r(\Vatrienet al. 1986). These
guestionnaires were administered to subjects dymaliminary testing to determine their
attitude in relation to food intake. The restrainbscales in both questionnaires have been
shown to measure the actual restriction of foodkatin everyday life (Laesskt al.
1989), therefore these two subscales were emplogeéstablish if a subject was a
restrained eater. A score in excess of the midrémgeach restraint assessment is often

deemed to indicate increased tendency towardsrdietatraint (Stubbet al. 2002).

2.5.1.1Three-Factor Eating Questionnaire (TFEQ)

Dietary restraint was determined using the redtsaiale of the TFEQAppendix B). The
51-item instrument contained 36 items with a yeségponse format, and 15 items on a
1-4 response scale used to measure three dimersfice®ting behaviour: 1) cognitive
restraint of eating, 2) disinhibition, and 3) hund@ognitive restraint (21 items) measures
dieting behaviour and restrained eating in ordenfioence body weight and body shape

and high scores show a high restraint. Disinhibit{d6 items) measures episodes of
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losing control of dietary restraint and overeatiRgrceived hunger (14 items) measures
self-reported hunger and food cravings. The validit and reliability of this instrument
has been established (Laessial. 1989).

2.5.1.2Dutch Eating Behaviour Questionnaire (DEBQ)

DEBQ (Appendix C) was constructed to reflect three psychologicalatisions of eating
behaviour: restraint theory, externality theoryd @amotionality theory (Elfhag & Morey
2008). The instrument consists of 33 items: restcheating (10 items), external eating
(10 items), and emotional eating (13 items). Em@i@ating reflects an inclination to eat
in response to negative emotions such as depresdigeppointments and feelings of
loneliness;e.g. ‘Do you have the desire to eat when you are tgttd'. External eating
displays susceptibility to eating more in respotwsexternal food cues such as the sight,
smell and taste of fooa:.g.‘If food smells and looks good, do you eat mormntlusual?’.
Scores were rated on a 5-point Likert scale wittegaries ranging from ‘never’ (1) to
‘very often’ (5). Both reliability and validity othis instrument have been proven to be

adequate (Williamsoat al. 2007).

2.5.2 Standardised Diet

In Chapters 3 and 4, subjects were instructed nsuwmea controlled diet 3 days prior to
each experimental trial. The purpose of this dieiswo standardise energy and
macronutrient intakes. The measured RMR was middpby an activity factor of 1.55,
which corresponds to the physical activity levelbofon-active adult (Shetty 2005; FAO
1985) to estimate total daily energy expenditure dach subject. To ensure that all
subjects consumed the right amount of caloriesmalhls were provided throughout the
study. Thediet was designed to provide 20% of the daily epéntake at breakfast, 35%
at lunch and 45% at dinner and consisted of whote feozen foods€.g. cereal, bread,
fruits, yogurt, pasta, etc.). The macronutrienioraf the diet was formulated to consist of
48% carbohydrate, 37% fat and 15% protein to matodh typical Scottish daily
macronutrient intake (DOE 2004). Energy, proteipid| and carbohydrate intake were
calculated using nutrient information obtained froespective online sources or food
labels. Prior to the provision of each three-dast,dsubjects were asked to complete a
guestionnaire giving information on their preferretireakfast cereal, ii) type of milk, iii)
type of bread, iv) choice of sandwich filling, wvisp and yogurt flavour, vi) type of pasta

meal, vii) tea and coffee consumption and vii) fatidlikes and allergies. Foods were
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individually weighed and rationed to provide thecotated energy intake and then
packaged and labelled according to meal types Kasélunch/dinner) and days (1/2/3)
(Figure 2.4).

In addition to the main meals for each day, subjexere provided with a pre-weighed
bottle of sugar-free fruit squash to be consumedlyrand tea or coffee if needed. They
were also given two optional snacks, consistechaple and a bag of crisps, which they
were allowed to consume should they experienceemdr hunger. Subjects were
instructed to consume all food provided and torreused containers at the end of the
third day including any uneaten food. If subjectslmot consumed all of the food or
squash provided or if they had eaten any of thekanduring the three days leading up to
the first experimental trial, this information wascorded and the diet was adjusted
accordingly before being provided again for the ddayeceding subsequent trials. The
three-day diet provisions were identical for athls. They were instructed to refrain from
alcohol throughout the intervention and not to cone foods other than what was

provided. An example of the three-day diet casdzen inTable 2.1.

Figure 2.3.Individually-packed and weighed food provided ftarglardised diet
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Table 2.1.An example of foods provided during the three dagseding each experimental trial.

Day 1 Day 2 Day 3
Breakfast Crunchy nut cornflakes Crunchy nut cornflakes Weigta
Wholemeal roll Wholemeal roll Wholemeal roll
Margarine* Margarine* Margarine*
Strawberry jam Strawberry jam Banana
Semi-skimmed milk Semi-skimmed milk Semi-skimmedkmi
Lunch Wholemeal bread Wholemeal rolls Wholemeal bread
Margarine* Margarine* Margarine*
Cheese slices Cheese slices Cheese slices
Chicken slices Tuna & sweetcorn Chicken slices
Clementines Clementines Apple
Flapjack Mars bar Twix bar
Dinner Lasagne Bolognese bake Chicken and potatoes
Wholemeal rolls Chicken soup Hazelnut yogurt
Margarine* Wholemeal roll Wholemeal roll
Jaffa cake bars Chocolate mousse Margarine*
Grapes Grapes Grapes
Drink Orange squash Orange squash Orange squash
Snacks 1 x Apple 1 x Apple 1 x Apple

1 x packet crisps

1 x packet crisps

1 x packepsris

* polyunsaturated fat margarine

2.5.3 2-Day Dietary Record

In Chapter 5, a 2-day food intake diary was prodide subjects for the purpose of
recording their food intake for two consecutive sl@gyior to commencing each trial. They
were given verbal and written instructions on hawkeep the diet records and were
instructed to record as detailed as possible eiteny that they either ate or drank, the
time they ate it, the amount they ate in gramsndbnaames, and recipes. Subjects were
then reminded to replicate the 2-day dietary intéixe subsequent trials. Diets were
analysed using a computerized version of food caitipa table (CompEat Pro;

Nutrition Systems, Banbury, UK).
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2.6 Metabolic Day Assessment

Subjects underwent metabolic day assessments ipt€ka3, 4, and 5. In the morning
after a 12-hour fast, subjects reported to the Mdia Suite. They rested quietly for 10
minutes and RMR was measured for 25 minutes by vimatilated hood system.
Afterwards, a cannula was inserted into an antéalhein in a forearm for the purpose of
blood sampling. Buffet-style breakfast, lunch, atdner were served at specific times,
according to study protocols stated in Chapters43,and 5. Appetite sensations,
postprandial blood samples and substrate utilisatvere obtained at specific intervals
throughout the entire day. Apart from the test rmeamments, subjects were free to do as
they pleased while being the metabolic swetg, watching television, reading, working or

relaxing.

2.6.1 Ad-Libitum Energy Intake Assessment

Buffet-style breakfast, lunch and dinner meals wem®vided during metabolic
assessment days to determatk libitum food intake. Foods were provided in excess of
typical consumption and subjects were instructedabaccording to their appetite until
they were comfortably full. All meals were consumedsolation. An example of types
and amounts of food served for breakfast, luncl, dinner are presented Trable 2.2
Food items were cut into identical portions whemepessible to disguise the amount
being offered which could potentially affect eatinghavioure.g.bread and fruits were
cut into smaller slices to avoid subjects feelitdjged to finish the food if it was served
as a whole. Time allocation for meal consumptiors W& minutes for breakfast and 20
minutes for both lunch and dinner. Subjects weiredled to the purpose of the buffet-type
meal setting, which was designed to assesBbitum energy intake, to avoid conscious
eating (de Castro 2000). The foods were covertlighed before being served to the
subjects and reweighed after completion of meajuantify the intake of each type of
food. Energy, protein, lipid, and carbohydrate ketavere calculated using information on
food labels and food composition tables when fomldels were not available. Water
consumption as well as reading and watching tetmvisvere not permitted during all
meals as these activities have been shown to mdkudood intake (Stroebele & De
Castro 2004)Ad libitumaccess to water was made available throughoutaheaiter the
completion of each meal. All food items were ideatifor all subjects and across all

trials. Additional measures were taken to ensueefdlods were served in a standardised

Chapter 2 | 79



setting for all the trials to avoid any bias iniegtbehaviour such as using neutral-colored
tablewares€.g. white), presenting food in the same dishes forsde type of meals as
well as scheduling meals at the same time of tlyardavery trial. Examples of a buffet-

type meal presentation are ag-igure 2.4

Figure 2.4. Examples of buffet-type meals
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Table 2.2.An example of foods provided durirgl libitumbuffet meals.

Period Food Approx. amount
Breakfast Cornflakes 350 g
Weetabix 500 g
Coco Shreddies 450 g
Strawberry jam 80¢g
Orange marmalade 80g¢g
Margarine* 60 g
Low-fat croissants 3 large pieces
Wholemeal toast 6 slices
Semi-skimmed milk 1 pint
Lunch Spaghetti bolognaise 1000 g
Oven chips 400 g
Salad 150 g
Salad dressing 100 g
Low-fat yogurt 700 g
Crisps 150 g
Clementines 3 whole fruit
Banana 2 whole fruit
Chocolates 100 g
Dinner Chicken arrabiata 900 g
Baguette Whole foot long
Margarine* 60 g
Crisps 150 g
Mini flapjacks 120 g
Grapes 150 g
Apples 2 whole fruit

* polyunsaturated fat margarine
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2.6.2 Appetite Rating Assessment

Visual analogue scales (VAS) were used to asselsgctive appetite sensations in
Chapters 4 and 5. It was consisted of a 100-mmifinength with words anchored at
each end expressing the most positive and negativeys, e.g. ‘I am not hungry at all’ (O
mm) / ‘I have never been more hungry’ (100 mm). j8cis were instructed to mark a
vertical line on the 100 mm scale anywhere betwbBertwo extreme ratings, which they
considered to indicate the degree of the subjedteding being rated. The VAS score
was quantified by measuring the distance in miltan® from the 0 mm point to the
position of mark. The questionnaire that was usatbisted of five scales adapted from
Flint et al. (2000) Appendix D):

1. How hungry do you feel now?
How full do you feel now?
How satisfied are you now?

What is your desire to eat now?

o~ D

How much can you eat now?

Subjects were given a booklet consisting of sevaat of VAS questionnaires, each to be
completed at 30 or 60 min intervals up until dinmeas served during the metabolic
assessment day. Each page of the questionnairéoldasl out of view after each rating
assessment so they could not refer to previousigativhen marking the VAS. All
appetite rating assessments were administered poioeach blood venous sample
collection. The areas under curve (AUC) were cakad for each time points to measure

the response of each appetite rating over timegubi@ trapezoidal method.

2.7 Dalily Physical Activity Assessment

In Chapter 4, daily physical activity was objectivemeasured using a uniaxial
accelerometer for three days prior to metaboliesssent day. The Actitrainer model
(Actigraph, FL, USA) is a small (8.5 cm x 3.2 crd % cm) and lightweight device that is
specially designed to detect the range of moverttatt corresponds to most activities

that humans performF{gure 2.6). The Actitrainer has an internal time clock and
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extended memory and is able to record and storenthgnitude of acceleration and
deceleration associated with movement. The actata dollected by the Actitrainer is a
series of numbers representing the intensity aviactin each epoch; translated as raw
activity counts and steps. Raw physical activityadean be downloaded to a personal
computer via a reader interface unit and later sarsad into duration (time spent doing
physical activity) and intensity (stepcount-fjinSubjects were instructed to wear the
accelerometers during waking hours (to be remowatihg water-based activities.g.
bathing) for three consecutive days, which wasubip on when they get out of bed in
the morning and to take it off when to go to bedight. The Actitrainer was worn at
waist level on the right side, clipped to a belttrmusers. Subjects were given detailed
instructions including how to care for and wearirti#ectitrainer as well as a log sheet to
provide details of wearing time, and activity dgrinon-wearing time for each day. The
device was initialized using 1-min epochs for deddlection. A cut-off point of <100
counts-mift was chosen to categorise sedentary time, whididad activities such as
sitting, or working quietly €.g.reading, typing). Time spent in different levefsacotivity

in was summarised based on Freedson’s cut-offist gtivity (100-1951 counts-nith
moderate activity (1952-5724 counts-Hjinhard activity (5725-9498 counts:rifjnand
very hard (>9498 counts-mih (Freedsoret al. 1998). A criterion of at least 20 minutes
of continuous zero counts, as well with diary imfation, was identified as non-wearing

periods.

Figure 2.5. Actitrainer® accelerometer used in the study
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2.8 Blood Sampling and Analysis

Venous blood samples were collected during metalataly assessment in Chapters 3, 4,
and 5. Subjects arrived at the metabolic suithérhorning on an overnight fast. After
RMR measurement, subjects rested in a semi-supasitign while a cannula was
inserted into the antecubital vein in a forearmbaseline or fasting blood sample was
drawn after 10 min. Patency of the cannula was tamied by flushing with a small
amount of non-heparinized saline 0.9% sodium ctiéo(B.Braun, Melsungen, Germany)
after each blood sample collection. Immediatelyobefeach blood samples was drawn,
saline waste remaining in the connector tube dfteshing was drawn off with a 2 ml
syringe. Venous samples of 20 ml each were drav8Dair 60 min intervals during the
assessment period, as specified in Chapters :idd5grotocols. Blood samples were
collected into 2 x 10 ml JEDTA blood collection tubes (Becton Drive Vacutaingew

Jersey, USA) preserved in ice.

In Chapters 3 and 5, blood samples used for asabfgpostprandial metabolites analysis
were immediately spun at 3500 rpm for 15 minutesainefrigerated centrifuge. The
plasma supernatant was then aliquoted into Eppéndoes and frozen for analysis. In
Chapter 4, blood samples used for the analysisubfpgptides were split into two
aliquots: (1) 1 ml aliquot of blood into duplicatgcrotubes treated with bovine aprotinin
500 KIU (Sigma-Aldrich, UK) and 10 pl of dipeptidypeptidase-IV inhibitor
(Calbiochem, Darmstardt, Germany) per ml of blooddetermination of peptide Y3¥%,
and (2) 1.5 ml aliquot of blood into duplicate notbes treated with 15 pl of
phenylmethanesulphonylfluoride (PMSF) (Sigma-AlbdricUK), for the analysis of
acylated ghrelin. After all samples were spun imiarocentrifuge at 3500 rpm for 5
minutes, samples treated with aprotinin were prémaliquoted into Eppendorf tubes
while samples treated with PMSF, were further add#d 1 N hydrochloric acid (HCL)
per 1 ml of plasma to acidify the samples. Samplese then centrifuged again for 5
minutes and finally aliquoted into separate tubdisaliquoted samples were immediately

frozen in -80°C until assayed.
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2.8.1 Plasma Metabolites Analysis

2.8.1.1 Insulin Analysis

The quantitative determination of insulin was perfed using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (Mercodia ABppsala, Sweden). The intra-
and interassay coefficients of variance for thdysmwere 3.4% and 3.6%, respectively.
It is based on the sandwich technique in which maanoclonal antibodies are directed
against separate antigenic determinants on thdinnswlecule. Plasma samples (25 ul)
were pipetted into the assay wells. A 100 ul ofslitg prepared enzyme conjugate
solution was then added to each well. Plates wese incubated on a plate shaker for 1
hour at room temperature. During this incubationqgk insulin in the samples reacted
with peroxidase-conjugated anti-insulin antibodéesl anti-insulin antibodies bound to
plate wells. After incubation, the plates were vesland dried 5 times by automatic
washer to remove any unbound enzyme labelled afytibeing the provided wash buffer
solution. Bound conjugates which remained in thédsweere detected by adding 200 pl
of 3,3,5,5'-tetramethylbenzidine (TMB). The plategre then incubated for 15 minutes
at room temperature to allow reaction between satestTMB and bound conjugates.
After incubation, 50 pl of the Stop solution contag 0.5 M sulphuric acid were added to
each well to stop the reaction. A yellowish-tintlaro developed according to the
concentration of conjugate-substrate complex. Ttecal density of each well was read
at 450 nm using a spectrophotometer. All sampk®wun in duplicate together with the
standards ranging from 0 to 200 mU/I. A standanye€wvas obtained by computerised
data reduction of the absorbance for the standagédmst the concentration using cubic
spine regression. The concentration of insulinha samples was then determined by
comparing the optical density of the samples ta tfathe standard curve for each
respective plate. All reagents and samples wereghitoto room temperature before use.

Coefficients of variation for the assay were <5%.
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2.8.1.2Glucose Analysis

Determinations for glucose were performed usingddgtgents (Glucose HK CP Reagent
ABX Pentra, Horiba ABX, France) on an automated HeocCobas Mira
spectrophotometric analyser (Horiba ABX, Montpellierance). All samples within each
subject were performed on a single run and in dap#s with coefficients of variation of
<3%. The principle of glucose determination is lohs® the following colorimetric

reactions:

HK
Glucose + ATP______ glucose-®&gphate + ADP

G-6-PDH
Glucose-6-phosphate + NADP_____,  gluconate-6-phosphate + NADPH"

(HK: hexokinase; G-6-PDH: glucose-6-phosphate-detyehase)

2.8.1.3Triglyceride Analysis

Determinations for TG were performed using kit esatg (Triglycerides CP Reagent
ABX Pentra, Horiba ABX, France) on an automated HeocCobas Mira

spectrophotometric analyser (Horiba ABX, Montpe|lierance). All samples within each
subject were performed on a single run and in dap#s with coefficients of variation of

<2%. The principle of TG determination is basedhmfollowing colorimetric reactions:

lipoprotein lipase

Triglycerides + HO » (glycerol + fatty acids
glycerokinase
Glycerol + ATP » Qglycerol-3-phosphate + ADP
glycero-3-phosphate odast
Glycerol-3-phosphate + > DHAP + HO,
H,0, + 4-AAP + p-chlorophenol peroxidas » Quinoneime + 4,8

(DHAP: dihydroxyacetote phosphate; 4-AAP: 4-amirtgamine)
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2.8.1.4ANEFA Analysis

Determinations for NEFA were performed using kagents (NEFA-HR Reagent, Wako
Chemicals USA Inc., USA) on an automated Roche €did@aa spectrophotometric
analyser (Horiba ABX, Montpellier, France). All sples within each subject were
performed on a single run and in duplicates witkfitoients of variation of <2%. The

principle of NEFA determination is based on thédwing colorimetric reactions:
ACS .

RCOOH (NEFA) + ATP + CoA-SH———» Acyl-CoA + AMP + Ppi

Acyl-CoA + O, ﬂ, 2,3-trans-Enoyl-CoA +®4

2 H,0, + 4-Aminoantipyrine + MEHA peroxidase. blue purple pigment + 30

(ACS: acyl-CoA synthetase; ACOD: acyl-CoA oxidaBs#EHA: 3-methyl-N-ethyl-Ng-
hydoxyethyl-aniline)

2.8.1.5Total Cholesterol Analysis

Determinations for total cholesterol were performesihg kit reagents (Cholesterol CP
Reagent ABX Pentra, Horiba ABX, France) on an autieth Roche Cobas Mira
spectrophotometric analyser (Horiba ABX, Montpellierance). All samples within each
subject were performed on a single run with cogffits of variation of <4%. The

principle of cholesterol determination is basedh@nfollowing colorimetric reactions:

cholesterol estera
Cholesterol esters +,0 » tdwierol + RCOOH

cholesterol oxidase
Cholesterol + @ » cholesterol-3-one + D,

2 H,O, + 4-aminophenazone + pheno?emx'dase, Quinoneime + 4 kD
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2.8.1.6HDL Cholesterol Analysis

Determinations for HDL-C were performed using kiagents (HDL Direct Reagent ABX
Pentra, Horiba ABX, France) on an automated Rocbba€ Mira spectrophotometric
analyser (Horiba ABX, Montpellier, France). All sples within each subject were
performed on a single run with coefficients of adon of 3%. The principle of
cholesterol determination is based on the followdatprimetric reactions:

cholesterol oxidase

HDL-C, LDL-C, VLDL, chylomicron —» non-reactive LDL-C, VLDL,
DSBmMT + peroxidas

chylomicron

HDL-specific detergent
HDL > HDlisrupted

cholesterol esterase

4
> - +
HDL cholesterol holesterol oxidas A"-cholestenone + D,

2 H,O, + DSBmMT + 4-AAP peroxidas » color development + 5,8

(DSBmMT: N,N-bis(4sulphobutyl)-m-toluidine-disodium:AAP: 4-aminoantipyrine)

2.8.1.7Gut Peptides Analysis

Quantitative analysis of acylated ghrelin and RBYg'from plasma samples was
determined by competitive binding radioimmunoasssing a commercial kit (Millipore,
MO, USA). Radioimmunoassay is based on the antaggilbody reaction in which tracer
amounts of the radio-labelled antigen competes witdogenous antigen for limited
binding sites of the specific antibody against fane antigen. Thereafter, a standard
curve was generated using a set of known concemisabf the unlabeled standards and
from this curve the amount of antigen in unknowmpgkes can then be calculated. All the
procedures were carried out by a colleague at teeiddl Genetics Department, Yorkhill
Hospital, Glasgow. Samples were run in duplicated #ne procedure was carried out
according to manufacturer’s instructions. The actiorm of ghrelin molecule is very
unstable in the serum or plasma due to the natfitheo octanoyl group on serine-3
position. In order to prevent degradation and ffsthe octanoyl group, acylated ghrelin

samples were processed with 1 N HCL and the addaigphenylmethylsulfonyl fluoride
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(PMSF) per 1 ml of plasma. PX%¥s samples were treated with DDP-IV inhibitor per 1
ml of blood to prevent the action of DPP-IV in thiwod which could cause abnormal
release of this peptide form upon storage and meamnt, thus avoiding false
interpretation of PYY increase. The addition ofajmin is to protect against degradation
by serine protease enzymes. Radioactivity in tloeegssed samples was counted with a
gamma counter (ARC-600, Aloka, Tokyo). The intrad anter-assay CV, as given by the
manufacturer, were 6.5 — 9.5% and 9.6 — 16.2% otispéy for acylated ghrelin and 6.4
—11.0% and 7.0 — 15.0% for PX¥s The procedures for the acylated ghrelin and RYY
sgassays were detailed Appendix F and Appendix G respectively. The intrassay CV

for acylated ghrelin and PY;¥sssamples were 8.9% and 7.6% respectively.
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CHAPTER 3

Effects of Exercise on Postprandial Responses to
Ad Libitum Feeding in Overweight Men

3.1 Introduction

A number of lines of evidence indicate that exagtgst metabolic disturbances occurring
during the postprandial period contribute to theed@ment of vascular and metabolic
diseases. High postprandial concentrations ofyegide (TG)-rich lipoproteins are the
primary driver of the atherogenic lipoprotein phmpe characterised by a preponderance
of small dense low-density lipoprotein (LDL) andMaoncentrations of high-density
lipoprotein (HDL) (Cohn 1998), and postprandialolgroteins and their remnants can
contribute to endothelial dysfunction (Vogalal. 1997) and may deposit into the arterial
wall (Zilversmit 1979). Furthermore, it has beeogwsed that exaggerated postprandial
insulin excursions may contribute to developmerdtberosclerosis (Frayn 2002; Boquist
et al. 2000; Tsuchihastet al. 1999), chronic insulin resistance and type 2 diedb€YKki-
Jarvinen 1990). As humans spend much of their days postprandial state, repeated
episodes of exaggerated postprandial metabolisnesept a daily, recurring atherogenic
environment (Karpe & Hamsten 1995). Thus, interver® which reduce postprandial TG
and insulin disturbances may play a role in thevgméing the development of vascular

and metabolic diseases.

Exercise is a potent regulator of postprandialligietabolism. There is a large body of
evidence showing that postprandial lipemia can ttenaated by a prior session of
exercise performed ~12-18 hours before a meal, tigh magnitude of TG-lowering

being essentially proportional to the exercise gnexpenditure (Gill & Hardman 2003;

Petitt & Cureton 2003). The TG-attenuation from exercise-induced energy deficit is
greater than that elicited by an equivalent dieized energy deficit (Gill & Hardman

2000), however, replacement of the energy experdigthg exercise by increasing
subsequent energy intake markedly attenuates oiishbs the exercise-induced TG
reductions (Harrisoret al. 2009; Burtonet al. 2008). In addition, replacing the energy
expended during exercise has been shown to ateermxa&trcise-induced reductions in
postprandial insulin concentrations and increasgsostprandial fat oxidation (Burtaet

al. 2008). This has potential implications for thealrgvorld’ effectiveness of exercise in
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the regulation of postprandial metabolism. The labde evidence suggests that
individuals replace some, but not all, of the egemxpended during exercise in
subsequent meals when fad libitum (Whybrow et al. 2008; Pomerleaet al 2004).

Thus, controlled laboratory experiments in whickthei all or none of the additional
energy expended during exercise (compared to aatdnitl) is replaced do not provide
information about the likely extent of changes tstprandial metabolism which might
occur following exercise in a ‘real-world" settingith ad libitum post-exercise energy
intake. It is therefore important to determine éfiects of prior exercise on postprandial
responses tad libitumfeeding. We hypothesised that that performing egerprior to

consumption ofad libitum buffet meals would lead to lower postprandial Tri&l @nsulin

responses, and increased postprandial fat oxidation

While increasing exercise energy expenditure (dretefore exercise-induced energy
deficit) up to ~800 kcal, on the day prior to a tpoandial challenge has been shown to
increase the postprandial TG-attenuation in a diegendent manner (Gidt al. 2002;
Tsetsonis & Hardman 1996), it is unclear whethetuging larger exercise-induced
energy deficits by exercising on consecutive dagsld/augment this effect. This would
help understanding about whether the potentiaékarcise to lower TG is maximised by
a single exercise session or whether an augmented affect can be seen by exercising
on consecutive days, without increasing energyket#o incur a larger exercise-induced
energy deficit. We hypothesised that, by inducinigrger energy deficit, three days of
consecutive exercise would have greater effectpamtprandial responses aol libitum
buffet meals than a single exercise session. Ovghtvebese men were chosen for the
study, as this group typically has exaggeratedppastlial metabolic responses (&tlal.
2004), which would benefit from attenuation via exse.
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3.2 Methods

3.2.1 Participants

Ten overweight men, (meanSD) aged 3% 6 years, with body mass 9&67.2 kg, body
mass index (BMI) 28.2 + 2.4 kg-mwaist circumference 94.4 + 6.4 cm, body fat 24.6
3.1%, systolic blood pressure 126 + 6 mm Hg, dlastdood pressure 79 + 7 mm Hag,

and predicted maximal oxygen uptakéq, max) 43.0 + 6.4 ml-k& min® volunteered to

participate in this study. All volunteers were li®a normocholesterolemic, non-
smokers, were not consuming any type of specialiset] had a sedentary to moderately
active lifestyle (less than two hours of plannedreise per week), and were not highly
restrained eaters. Exclusion criteria included BM25 kg-n¥, fasting blood glucose >
7.0 mmol-t, total cholesterol levels > 6.0 mmdl,| diagnosed heart disease, presence of
diseases known to cause metabolic disturbancesgntutobacco use, and use of any
medications that are known to alter carbohydratéipid metabolism or energy intake
behaviours. The study was approved by the FacdltBiomedical and Life Sciences
Research Ethics Committee at the University of @das and all procedures complied
with the Declaration of Helsinki. Each participgrbvided written, informed consent
before participation. They were asked to remairnhigir normal daily activities and to

refrain from consuming alcohol during the courséhef study.

3.2.2 Experimental design

Each participant undertook three main trials, inrter-balanced order, with an interval
of at least seven days with, no exercise (CONgles exercise session (EX-1) and three
exercise sessions (EX-3), as the intervention. Edahwas conducted over four days. In
CON, participants performed no exercise on Days 3; in EX-1, participants performed
a single exercise session on Day 3; and in EX-8qgjaaints undertook exercise sessions
on Days 1, 2 and 3. On Day 4 of each trial partiotp attended the metabolic
investigation suite for a 7-h metabolic assessnadcribed in detail below. On Days 1
to 3 in all trials, participants were provided wahcontrolled diet by the experimenters
(see below for description) and, other than theosagl exercise in the EX-1 and EX-3
trials, were asked to refrain from planned exere@red maintain their usual day-to-day
activities during this period. An overview of theperimental protocol is shown in
Figure 3.1
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Figure 3.1 Experimental design Subjects completed three trials: Control (CONhgle-
exercise trial (EX-1), and three-exercise trial (E)X Controlled diet foods (CD) were provided
on Days 1-3. Exercise sessidi4;) were performed to expend 8 kcal*kgxpired air ¢), blood
samples, and appetite questionnaifggsafere collected at regular intervals on DayAd. libitum
buffet breakfast (B), and lunch (L) were providedi@signated times.

3.2.3 Preliminary tests

Before undertaking the main experimental trialsitipgpants undertook a number of
preliminary tests. Resting metabolic rate (RMR)swaeasured after an overnight fast
using a ventilated hood system (Oxycon Pro, Ja€yebH, Hoechberg, Germany) as

described in section 2.4.1. A four-stage incremlesiuib-maximal treadmill walk test was

performed to estimat®¥’ 0, max and calculate the speed and gradient requireticit the

intensity of 50% Vo, max for the exercise intervention as described datisn 2.3
(ACSM 1995). Blood pressure was measured usingitonmaated blood pressure monitor
(Omron HEM705 CP, Omron Healthcare UK Limited, Miit Keynes, UK). Skinfolds
were measured at four sites (biceps, triceps, sylodar, suprailiac) to enable estimation
of percentage body fat using the equations of Durand Womersley (Durnin &
Womersley 1974). Height, body mass, waist circusriee were measured. Additionally,
subjects completed the Three Factor Eating Quesdion (TFEQ) (Stunkard & Messick
1985) @ppendix B) and the Dutch Eating Behaviour Questionnaire (QEBv/an Strien
et al. 1986) Appendix C). Scores on the TFEQ and DEBQ were (me&D): 7.1+ 4.1

and 2.3t 0.7 respectively; none of the participants wassifeed as a restrained eater.
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3.2.4 Main trials

a) Days 1 to 3: Experimental intervention days

Control trial (CON). Participants refrained from alcohol and all planme@rcise over
Days 1 to 3 of CON. They were provided with all tbkir food and drink by the
experimenters in diets designed to maintain enéagance over this period. Energy
intakes were calculated as RMR multiplied by a ptaisactivity level of 1.55, which
corresponds to the energy requirement of a nomectdult (FAO 1985). The
macronutrient content of the diet reflected therage Scottish diet (49% carbohydrate,
37% fat and 14% protein) (DOE 2004), with 20% oémrgy provided at breakfast, 35% at
lunch, and 45% at dinner. Participants were alloagdibitumaccess to water and sugar-
free fruit cordial. Average daily energy intakesa2693 + 66 kcal (mean + SD). Dietary

adherence was monitored and verified by daily earadl telephone contact.

Single exercise session trial (EX-Dn Days 1 to 3 of EX-1, participants consumed
exactly the same diet as in CONe( energy intake 1.55 x RMR), consumed no alcohol
and refrained from all planned exercise other thlaamt undertaken as part of the
intervention. Participants performed a single eisersession on the afternoon of Day 3,

in which they walked on a treadmill at an intensify50% Vo, max to induce a net

energy expenditure of 8 kcal-kdpody mass. Thus, relative to CON, participantsevier
negative energy deficit by 8 kcal-kgody mass at the start of Day 4. The duration ef th
walk differed between individuals, ranging from 65110 min. Expired air samples were
collected in Douglas bags at rest, at 15-min irgtlsrduring the walk and for 15 min after
the completion of exercise for the determinationorygen uptake and carbon dioxide
production. Exercise energy expenditure was det@dhiusing indirect calorimetry
(Frayn 1983) described in section 2.4.3. The netrg@nexpenditure of exercise was
determined by subtracting resting energy experaliftom the gross energy expenditure
of exercise. Heart rates and ratings of perceiveertioen were recorded at 15-min

intervals during the exercise.

Repeated exercise session trial (EX-3his trial was identical to EX-1 except
participants walked at 50% 0, max to induce a net energy expenditure of 8 kcal-kg

body mass on each of Days 1 to 3. Thus, on the impf Day 4, participants were in

negative energy balance by 24 kcaf kpdy mass relative to CON.
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b) Day 4: Metabolic assessment

Participants reported to the metabolic suite onrtiegning of Day 4 after a 12-hour
overnight fast, approximately 14-16 h after coniplef exercise in the EX-1 and EX-3
trials. Following a 10-min supine rest on a cowl25-min expired air measurement was
taken using the ventilated hood system to determesng metabolic rate and substrate
utilisation. A cannula was inserted into an antéallvein and, after a 10-min interval, a
fasting blood sample was taken. Immediately af@stihg measurements were made, an
ad libitum buffet-style breakfast was provided containingagiety of breakfast cereals,
semi-skimmed milk, toast, croissants, margarine, gnd marmalade. A total of ~4600
kcal of energy was available in the buffet andipgo@nts were instructed to eat according
to their appetite until they felt comfortably fullhey were given 20 min to complete this
meal. Participants were nahformed that consumption was being measured, and
consumed breakfast without experimenters presenmihimise potential alterations to
usual feeding behaviour (Herman & Polivy 2005). #Adbds were covertly weighed
before they were made available to subjects avdeighed again after meal ingestion to
qguantify food intake. Arad libitum buffet lunch, containing spaghetti Bolognese, dala
vinaigrette dressing, bread, margarine, potatopsridruit, yogurt and chocolate cake
(~3700 kcal of energy available) was provided 3&fthr breakfast in a similar manner,
and patrticipants were given 30 min to consumertiesl. Participants were not provided
with drinks during the meals buad libitum access to water was made available
throughout the day after the completion of eachIm@aring the observation period,
blood samples were collected at 30, 60, 120, 180after breakfast and the same pattern
was repeated after lunch (270, 300, 360 and 420atfter the start of the observation
period). Fifteen-min expired air measurements wagde using the ventilated hood
immediately following the 60, 120, 180, 300, 36@ &20 min blood samples.

3.2.5 Blood analysis

Venous blood samples were collected into potasdiDTA tubes and placed on ice
before centrifugation to separate plasma withimrild of collection. Plasma was stored at
-80°C until analysis. Glucose, triglycerides (TG), resterified fatty acid (NEFA), total
cholesterol and HDL cholesterol concentrations weletermined by enzymatic
colorimetric methods using commercially availabligs k(Horiba ABX, Montpellier,
France; and Wako Chemicals GmbH, Neuss, Germaimj). ¢holesterol was calculated
using the Friedewald equation (Friedewatdal. 1972). Insulin was determined using a

commercially-available enzyme-linked immunoassay.I®) with < 0.01% cross-
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reactivity with pro-insulin (Mercodia, Uppsala, S¥em). All samples for each subject

were analysed in a single analyser run.

3.2.6 Statistical analysis

Statistical analyses were performed using Statisfiersion 6.0, StatSoft Inc., Tulsa,
USA) and Minitab (version 13.1, Minitab Inc., Sta@ellege, Pennsylvania). Data were
tested for normality using the Ryan-Joiner norrgakist and transformed as appropriate.
Box-Cox plots were used to determine the most gpate transformation for data which
did not follow a normal distribution. Consequentyatistical analyses for insulin and TG
were performed on reciprocal-transformed data arel @esented as values back-
transformed to their original units. The total aremder the 420-min variable vs. time
curve (AUC), calculated using the trapezium rute the incremental AUC, calculated as
the increment in AUC over baseline concentratiovexe used as summary measures of
the postprandial responses. One-way repeated nesaBMOVAs were used to compare
fasting values, summary data and energy intakesadhe three trials. Two-way repeated
measures ANOVAs (trial x time) were used to compdn@nges over time and across the
three trials. Post-hoc Tukey tests were used to identify where differsnday.
Associations between variables were determined gudfearson product-moment
correlations. A priori power calculations, based owr data for intra-subject
reproducibility of postprandial TG responses argliim responses in men (between-day
coefficients of variation 10.1% and 22.9%, respety) (Gill et al. 2006) indicated that
10 participants would enable detection of exeragiseiced changes of ~10% in the TG
response and ~23% in the insulin response with Bo%er. Data are presented as means

+ SEM, unless otherwise stated. Statistical sigaifce was acceptedmk 0.05.
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3.3 Results

3.3.1 Responses to the exercise sessions

The duration, and treadmill speed and gradiene&mh of the four exercise sessions (one
session in EX-1, three sessions in EX-3) were idahtwithin each participant.
Participants walked on the treadmill at a spee8.8t 0.1 km-Hat a gradient of 6.%
0.7% for a duration of 93.% 2.2 min. Mean oxygen uptakes and heart rates ther
course of the exercise sessions were 21.6 + 1.kgnilmin™ (50.2 + 0.4%V 0, max) and
122 + 5 beats-mih respectively in EX-1, and 21.8 + 1.1 mL%min* (50.6 + 0.4%
Vo,max) and 124 + 3 beats-rinrespectively in EX-3. These values did not differ

between EX-1 and EX-3. Net exercise energy experalivas 715 + 25 kcal in EX-1 and

2140 + 74 kcal in EX-3. Net fat oxidation duringeegise was 29.6 + 2.6 g and 96.9 £ 8.2
g for EX-1 and EX-3 respectively. Net carbohydraxédation during exercise was 114.8

+10.4 g for EX-1 and 322.9 + 23.3 g for EX-3.

3.3.2 Responses in the fasted state

Due to difficulties with blood sampling in one paipant, data for plasma variables are
presented fon = 9; data for the energy intake and substratesatibn are presented far

= 10. A summary of all fasting values is shownTable 3.1 Compared to CON, fasting
TG concentrations were 17% lower in EX-1, and 18%ser in EX-3 p < 0.05 for both).
Fasting NEFA concentrations were significantly l@giin EX-1 than CONg < 0.01).
There were no significant differences betweendrialfasting insulin, glucose, or total,
HDL or LDL cholesterol. There were no differencestvizeen trials in resting metabolic
rate, but rate of fat oxidation was 16% higher ¥+ E(p < 0.05) and 39% higher in EX-3
(p < 0.01), compared to CON. Reciprocally, carbohyamatidation was 39% lower in
EX-3 condition compared to CON € 0.01). There were no differences between EX-1

and EX-3 for any other measured variables.
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Table 3.1 Summary of fasting plasma and metabolic valueslitrials f = 9). Values are mean
+ SEM.

Variables CON EX-1 EX-3
Triglyceride (mmol-F) 1.48+0.23 1.23:0.30 1.26+ 0.28
Insulin (mU-1") 8.89+ 1.96 9.06t 2.04 8.18t 2.31
Glucose (mmol) 5.45+0.14 541+ 0.11 5.23:0.14
NEFA (mmol-") 0.50+ 0.03 0.63:0.03" 0.58+ 0.05
Total cholesterol (mmol?) 5.38+ 0.44 4.74k 0.44 4.63:0.14
HDL-C (mmol-I*) 1.07£0.08 1.05 0.05 1.1+ 0.04
LDL-C (mmoI-Il) 3.63£0.45 3.13: 0.33 2,94t 0.11
Resting metabolic rate (kcal-d8y 1801+ 47 1819+ 49 1819+ 68
Fat oxidation (g-f) 41+0.4 5.1+ 0.4 57+0.3"
Carbohydrate oxidation (g*h 10.1+ 1.0 7.7+ 1.0 6.1+ 0.7

CON, control; EX-1, single exercise session; EX-3, therercise sessions; NEFA, non-esterified fatty
acids; HDL, high density lipoprotein; LDL, low densitydiprotein. * significantly different from CONp(<
0.05); ** (p< 0.001)

3.3.3 Ad libitum energy intake

Energy and macronutrient intakes at the buffethieest and lunch meals are presented in
Table 3.2 There were no differences between trials in enefgt, carbohydrate or
protein intakes at breakfast, but energy, carbatgdand protein intakes at lunch were
significantly higher in EX-3 than both CON and EXFor breakfast and lunch combined,
energy intake was significantly higher in EX-3 th&@ON and protein intake was
significantly higher in EX-3 than CON and EX-1. Taevere no differences in energy or
macronutrient intake between EX-1 and CON, andriaike did not differ significantly
between any of the trials at either breakfast nctu
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Table 3.2 Buffet meal energy and macronutrient intake=(10). Values are meanSEM.

CON EX-1 EX-3

Breakfast

Energy intake (kcal) 656 £ 77 731 £94 745 £ 93
Fat intake (Q) 76+14 85+1.38 83+17
Carbohydrate intake (g) 124.0£14.0 136.7 816. 139.3+17.0
Protein intake (g) 19.2+23 23.0+£25 2424

Lunch

Energy intake (kcal) 1222 £ 65 1261 £ 99 1458 *84
Fat intake (g) 32.7+34 35.7+3.8 405+3.3
Carbohydrate intake (g) 170.0£12.5 169.7 616. 197.0+159 ¢t
Protein intake (g) 55.1+2.8 58.3+3.4 68.3.9* f1

Breakfast plus lunch

Energy intake (kcal) 1878 £ 117 1992 + 163 2205681
Fat intake (Q) 40.4+£3.6 442 +4.3 48.8+4.4
Carbohydrate intake (g) 294.0+21.4 306.3 H27. 336.3+£27.3
Protein intake (g) 74.3 4.7 81.3+5.7 926.6~ 1

CON, control; EX-1, single exercise session; EX-3,dhegercise sessions; * significantly different from
CON (p < 0.05); ** (p < 0.001); t significantly different from EX-b& 0.05); t1 < 0.01)

3.3.4 Postprandial plasma metabolic responses

Postprandial responses for plasma variables oeer- observation period are presented
in Figure 3.2 Two-way ANOVA revealed a significant trial effefdr TG (p = 0.031)

and insulin responsep (= 0.006), but not for glucose and NEFA. Summarasaees of

these responses are showrTable 3.3 The postprandial TG total AUC was 27% lower
in EX-1 and 25% lower in EX-3 than CON (bgihx 0.05). Incremental TG AUC did not
differ between trials. Total insulin AUC was 31%wier in EX-3 than CONg < 0.05);
the 26% reduction in insulin AUC between CON and-EXlid not quite achieve
statistical significancep(= 0.06). No differences were observed in NEFA AUsiween
trials, but incremental NEFA AUC was significanttyver in EX-1 than CONg< 0.05),

indicating greater postprandial NEFA suppressiastfrandial glucose responses did not

differ between trials. None of these values diffiehbetween EX-1 and EX-3.
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Figure 3.2 Postprandial plasma (a) glucose, (b) insulintrigjyceride and (d) NEFA responses
in CON (#), EX-1 (o), and EX-3 ¢) trials. Rectangles indicate the times at whighlibffet meals
were provided. Values are expressed as meanssiaitdard errors represented by vertical bars (
= 9). (*) significantly different from CONp( < 0.05); (***) (p < 0.001); (+11) significantly
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Table 3.3.Postprandial total AUC and incremental AUC for ptasmetabolic variables over 7-h
observation periodn(= 9). Statistical analyses for insulin and TG perfed on reciprocal-

transformed data and values are presented as nieakstransformed to original units with
positive and negative SEMs in brackets below. Vahre meast SEM for glucose and NEFA.

CON EX-1 EX-3

TG (mmol-I™)
Total AUC 840 617 628

(-84, +105) (-77, +102)* (-67, +85)*
Incremental AUC 204 160 172

(-45, +80) (-56, +188) (-38, +68)
Insulin (mU-1"%)
Total AUC 16783 12367 11649

(-2250, +3076) (-1847, +2635) (-1694, +2390) *

Incremental AUC 13034 8896 9206

Glucose (mmol-f)
Total AUC

Incremental AUC
NEFA (mmol-I™)

Total AUC

Incremental AUC

(-2000, +2885)

2413+ 58

125+ 58

132+ 7
77+ 12

(-1475, +2207)

2484+ 96

211+ 71

136+ 7
-127+ 9*

(-1299, +1809)

2408+ 64

211+ 30

137+ 11
-107+ 17

CON, control; EX-1, single exercise session; EX-3,dhegercise sessions; * significantly different from

CON (p< 0.05)
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3.3.5 Postprandial energy expenditure and substratdisation

Postprandial energy, fat, and carbohydrate utiisatmeasured over the 7-h observation
period for each trial are shown figure 3.3 Summary AUC for energy expenditure and
substrate utilisation data are presentedable 3.4 There were no differences between
trials in energy expenditure over the 7-h postpi@nabservation period, but the relative
contribution of energy from fat and carbohydratédakion were different between trials
(fat, p = 0.003; carbohydratg,= 0.001). Fat oxidation over this period was 20¢hbr in
EX-1 and 27% higher in EX-3 than COHN € 0.05 for both). Reciprocally, carbohydrate
oxidation was 18% lower in EX-1 and 26% lower in-BXhan CON g < 0.05 for both).
No trial x time interaction effects were observed for anythe# measures and none of

these values differed between EX-1 and EX-3.

Table 3.4.Postprandial area under curve for energy experedénd substrate utilisation over the
7-h observation periodhE 10). Values are meassSEM.

CON EX-1 EX-3
AUC energy expenditure (kcal) 607+ 18 615+ 24 621+ 22
AUC fat oxidation (g) 33.9+29 40.6t 2.1* 42.9+ 2.3*
AUC carbohydrate oxidation (g) 80.9+5.5 66.5+ 4.8% 59.7+ 6.0*

CON, control; EX-1, single exercise session; EX-3,dhegercise sessions; * significantly different from
CON (p < 0.05).
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3.3.6 Correlation between variables

There was a significant positive correlation betw#®e energy deficit-induced change in
reciprocal TG AUC i(e. difference between values in EX-1 or EX-3 and C@N)l the
energy deficit-induced change in postprandial fatlation ¢ = 0.50,p = 0.03) Figure
3.4). As taking the reciprocal of a value reversesdinection of effect, this indicates that
participants with the largest increases in postiierat oxidation between CON and the

exercise trials experienced the largest reducposgprandial TG AUC.
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Figure 3.4. Relationship between changes in postprandial falabwn and reciprocal
postprandial TG total AUC in EX-Jof, and EX-3 ¢) trials.
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3.4 Discussion

The aims of this study were: i) to determine thieafof a prior exercise session on
postprandial responsesdd libitummeal consumption, and ii) to determine whethesehr
days of consecutive exercise altered postpranéghanses t@d libitum meals to a
greater extent than a single exercise session.piégent data demonstrate that a single
exercise session significantly reduced the postghnTG response to aad libitum
breakfast and lunch by 27%, with no further TGatiggion seen in response to three
consecutive days of exercise (25% lower than cHnt®ostprandial fat oxidation
increased significantly and to a similar extentrésponse to one and three sessions of
prior exercise, and while the postprandial insulesponse was only significantly
attenuated in response to three prior exerciseosessshe reduction in insulin response to
the single exercise session approached statistigaificance p = 0.06) and was similar

in magnitude to the reduction seen in responséreetexercise sessions (26% 31%
reduction). Thus, the findings reveal that the taable effects of prior moderate exercise
on postprandial metabolism remain evident when fesdprovided ad libitum —
suggesting that these changes are likely to perdist‘real-world’ settings — and that
consecutive days of exercise do not markedly augrien effects elicited by a single

exercise session.

A key observation in interpreting the present firgdi is thaed libitum energy intake on
the day following the single exercise session wassignificantly increased compared to
the control trial. Thus, in EX-1, the participam®re in energy deficit by ~600 kcal
compared with CON at the end of the postprandiakolation period. This deficit is of
similar magnitude to that seen in previously putg® studies in which prior exercise
significantly attenuated postprandial TG respon@esl & Hardman 2003, Petitt &
Cureton 2003). The maintenance of this energy defaspitead libitumaccess to food is
likely to play an important role in mediating exsecs effects on postprandial responses,
in light of recent reports demonstrating that reptaent of the exercise-induced energy
deficit leads to a marked diminution of prior exsets TG-lowering effect (Harrisoat

al. 2009; Burtoret al. 2008).

A number of reports in the literature have showattkhe extent of reduction in
postprandial TG by of a prior exercise sessionrmadly proportional to the exercise

energy expenditure. Increasing the energy expemda®0-minute exercise session from

~400 to ~800 kcal by doubling the intensity (fro@9@ to 60% Vo0, max) increased the
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reduction in postprandial lipaemia, compared tooatrol trial, from 16% to 26%

(Tsetsonis & Hardman 1996); and increasing enerpemditure from ~350 to 700 kcal
by doubling the duration of exercise at 50%», max from 60 to 120 minutes increased

postprandial TG-lowering 9% to 23% (Gét al. 2002), in studies on young adults. In
addition, a meta-analysis of 13 studies with exer@nergy expenditures ranging from
~350 to ~1600 kcal reported a correlation co-edfitiof 0.62 between exercise energy
expenditure and reduction in postprandial lipae(Ratitt & Cureton 2003). Thus, the
present observation that three exercise sessiafsrmed on consecutive days did not
influence postprandial metabolism to a greaterréxtean a single exercise session is an
interesting one. The energy expended in EX-3 weeetlimes as great as in EX-1 (2140
+ 74 vs. 715 + 25 kcal) and although energy intake durimg dd libitum test meals,
particularly at lunch, was higher in the EX-3 thiwe other two trials, the cumulative
energy deficit, compared to CON, was still 3-tin@ssgreat in EX-3 compared to EX-1
(~1800 kcals.~600 kcal).

There are two factors which could potentially explthis observation. Firstly, the first
two of the three exercise sessions in the EX-3 wexe performed ~40-64 hours before
the postprandial observation period. It is knowa #ifects of exercise on postprandial
lipaemia are relatively short-lived, with the maxsiheffect observed ~8-16 hours post-
exercise (Gill & Hardman 2003) and markedly dimimmgy from ~24 hours onwards
(Zhanget al.2004). Thus, despite the energy deficit incurredifthe two earlier exercise
sessions not being replaced, the TG-lowering effeftthese sessions may not have
persisted until the postprandial observation dagcoB8dly, it is likely that the TG-
lowering effect of exercise plateaus once a certameshold energy expenditure is
achieved. For example, in a study of young traimesh, Ferguson and colleagues found
that reductions in fasting TG concentrations 24r&dallowing an exercise session were
similar following exercise sessions expending betw@&50 kcal and 1500 kcal of energy
(Fergusonet al. 1998). Thus, it is possible that the potential éxercise to lower
postprandial TG concentrations was maximised byehergy expended in the single
exercise session undertaken in the EX-1 trialspeetive of relative importance of these
two effects, in practical terms, the present datply that the TG-lowering effects of
exercise are effectively maximised by a single isesef exercise (provided the energy
expended in this session is sufficient), and timardasing the total exercise-induced
energy deficit via repeated days of exercise doangment this effect. However, it
important to recognise that, because an exercegosewas performed on each of Days

1, 2, and 3 in the EX-3 trial, a TG-lowering effeaftexercise would likely have been
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evident on Days 2 and 3 as well as 4 of this ttathough this was not directly
measured), as opposed to only on Day 4 in the BXal Thus, although performing
exercise on consecutive days does not increasmdlgaitude of the TG-lowering effect
elicited by a single exercise session, repeatety dadercise sessions would act to

maintain the TG attenuation incurred in respondbecsingle session.

This study also confirms our previous findings thhe extent of attenuation in
postprandial TG concentrations in response to eeris proportional to the exercise-
induced increase in postprandial fat oxidation {Buet al. 2008). The exercise-induced
increase in whole-body fat oxidation is likely &flect increased fat oxidation in skeletal
muscle and/or the liver. Muscle TG utilisation Ievated for at least 18 hours following
prolonged endurance exercise, which is thought douoto facilitate resynthesis of
muscle glycogen depleted during exercise (Kiens i&hter 1998). In addition, post-
exercise increases in circulating 3-hydroxybutyred@centrations, reflecting increased
hepatic fatty acid oxidation (Williamson & Whiteal978), are evident for at least 24-
hours following exercise (Burtoet al. 2008, Gillet al. 2001), which, analogous to the
post-exercise increase in muscle fat oxidation, o@gur in response to exercise-induced
hepatic glycogen depletion (Casey al. 2000). The responses to glycogen deficits in
muscle and/or liver, and the associated increaséstioxidation, may mediate the TG-
lowering effects of exercise by stimulating skdletaiscle LPL activity and increasing
TG clearance (Gill & Hardman 2003) and/or by dimegtthe hepatic fatty acid flux
towards oxidation and away from re-esterificatitimereby reducing VLDL production
(Gill et al. 2006; Gill & Hardman 2003). Interestingly, the liease in postprandial fat
oxidation in EX-3 did not differ significantly froreX-1. Although in energy deficit on
the exercise days in EX-3, subjects consumed ~386Dagrbohydrate per day over this
period, which should have been sufficient to repldee liver and muscle glycogen used
during the exercise sessions (~110 g per sessibs it is likely that muscle and liver
glycogen levels would have been similar at the @helxercise on day 3 in the EX-1 and
EX-3 trials, and this might explain the similar ieases in postprandial fat oxidation and

decreases in postprandial TG concentrations bettiese two conditions.

It is important to recognise that the energy expendh each exercise session in the
present study, at 700 kcal, was relatively largel @eyond the level currently
recommended in physical activity for health guide$ (Haskelét al. 2007), although the
moderate nature of the exercise undertaken mebwuolahteers completed the sessions

without difficulty. Other studies have shown thati@inutes of brisk walking, performed
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in either a single session or multiple smaller isess spread throughout the day, can
effectively lower lipaemic responses to meals dixad size (Miyashitaet al. 2008;
Murphy et al. 2000). The exercise dose used in the present,stodypared to a smaller
dose, would be expected to increase the chancascompensatory increase in energy
intake underad libitum feeding conditions. Thus the finding that the ei®r induced
energy deficit was largely maintained and the ¢$feof exercise on postprandial
metabolism were similar to those observed in respda test meals of fixed size, would
likely extend to studies utilising smaller exerctzses. However, it is not clear whether
the finding that the TG-lowering effect of a singbeercise session was not augmented by
exercise on consecutive days would still hold & #xercise doses were smaller. If an
energy expenditure threshold exists for maximishey TG-lowering effect of exercise, is
possible that the TG-lowering effect of a singlesssen eliciting, say, 250-350 kcal
exercise-induced energy deficit would be augmebiedessions of repeated exercise on
consecutive days. This possibility warrants furtirarestigation. Further study is also
needed to determine whether the present findinggnexo women, who may alter energy
intake in response to exercise in a different matmenen (Stubbst al. 2002a, Stubbet

al. 2002b).

3.5 Summary

In conclusion, the results of this study extendlifeeature on the effects of prior exercise
on postprandial metabolism in two important ways#stly the data show that the
exercise-induced attenuation of postprandial TGceatrations, previously documented
in response to meals of a fixed size, persist wheals are consumeat! libitum This
suggests that the TG-lowering effect of prior ei®rds likely to extend into a ‘real-
world’ setting where food intake is not carefullyontrolled. Secondly, we have
demonstrated that the effects of a single exes®ssion on postprandial metabolism are
not augmented by inducing a larger energy defigitekercising on consecutive days,
which implies that the potential for exercise tteatiate postprandial TG is effectively

maximised by a single session of exercise.
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CHAPTER 4

Effects of Exercise on Ad-Libitum Energy Intake,
Appetite, and Gut Peptide Responses
in Overweight Men

4.1 Introduction

Exercise can be effective for creating the energficd needed for weight loss,
maintaining energy balance for the primary prevantdf weight gain, as well as for
preventing weight re-gain in the formerly obese ribelly et al. 2009). However, the
ability of exercise in the absence of dietary ie8tn to facilitate weight loss is less
certain, as some individuals lose less weight thdicted in response to an exercise
intervention (Kinget al. 2008). A possible explanation for this is thatreise may induce
a compensatory increase in appetite and hencegyernmiake. It is common sense to
believe that a regulatory mechanism will triggeriacrease in energy intake in order to
match the energy expenditure expended at some EBapeavartzet al. 2000). Therefore,
the energy deficit created by exercise may not leadappreciable weight loss if
individuals increase their food intake followingeggise. However, the extent to which

the compensation in energy intake occurs still iemanclear.

Short-term exercise studies have attempted to ewamhie relationship between energy
intake and energy expenditure over relatively speriods ranging from hours to a day.
Some have found a strong coupling between enertakenand energy expenditure
demonstrated by an increase in energy intake qresng to an acute increase in
exercise-induced energy expenditure (Finlaysbnal. 2009; Pomerleatet al. 2004,
George & Morganstein 2003; Verget al. 1992). Conversely, studies that found no
compensatory increases in energy intake suggestireot link between exercise and
energy intake (Kinget al. 2010a; Kinget al. 2010b; Harris & George 2008; Imbeaatt
al. 1997; Kinget al. 1997a; Kinget al. 1996; Thompsoet al. 1988; Durranet al. 1982).
Such conflicting results may partly stem from diéileces in study protocols, exercise
intensities, participant characteristidse( lean vs. overweight/obese, dietary restraint
level), and energy expenditures. High intensityreise appears to suppress appetite to a

greater extent than low to moderate intensitiendlat al. 1997a, Imbeaulet al. 1997;
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Kissileff et al. 1990), while one study showed that a mild boutegércise neither
suppressed nor stimulated appetite (Katgl. 1994). It is possible that exercise-induced
energy expenditures is an important factor thduerfce post-exercise energy intake as
studies have shown that expending ~300-500 kcalltezk in the absence of any
compensation after exercise (Kieg) al. 2010b; Harris & George 2008; Imbeastt al.
1997; Thompsoret al 1988; Durrantet al. 1982). It could be that expending a larger
amount of energy expenditures would drive an ire@da energy intake due to the state
of greater negative energy balance the body iHawving said that, others who have
investigated the effects of higher exercise-indueedrgy expenditures.€. ~1200 kcal)
on subsequent energy intake have not observed@ngansatory responses (Kiegal.
2010a, Kinget al. 1997a). It is worthwhile mentioning however, thaan men were
involved in these studies, thus it is possible thesponses may be different in
overweight/obese subjects. Furthermore, althougkt mbort-term studies have shown
that exercise may not lead to an automatic increasmergy intake, there are evidence
that when exercise is continued over several daystgy intake appears to track energy
expenditure (Whybrowet al. 2008, Stubbst al.2002a).

Changes in energy balance can have a marked ingpattie hormonal responses that
modulate appetite, and energy intake (Suatlal. 2010). Peripheral gut hormones such
as cholecystokinin (CCK), peptide YY (PYY), glucaglke peptide 1 (GLP-1), and
ghrelin are integral to the process in mediatingrtsterm sensations of hunger and satiety
(Suzukiet al. 2010). Ghrelin is the only known orexigenic (apggestimulating) peptide
and all others act as satiety signals (appetitpr&gsing). In the recent past, investigators
have reported that changes to ghrelin levels aigert in individuals who underwent a
long-term exercise program (Foster-Schule¢ral. 2005; Leidyet al. 2004), suggesting
that it possible that exercise may influence ghrehrough modification of energy
balance. However, findings on the effects of ex&@n ghrelin are similarly divided,
with some investigators reporting no change (Bwehsl. 2007; Martinset al. 2007a;
Kyriazis et al. 2007; Zoladzt al. 2005), while others reporting increased (Mackeatie
al. 2007; Erdmanmet al. 2007), as well as suppressed levels (Kahgl.2011a; Malkova

et al. 2008; Broomet al.2007; Olive & Miller 2001) following acute exereisAgain, the
discrepancies in these study outcomes could be tdughe variability in exercise
intensities and that the regulation of ghrelinikelly to differ between energy statuse(
energy deficitvs. energy balance). Some studies did not includesassnt of appetite
(Broom et al. 2007; Burnset al. 2007; Kyriaziset al. 2007; Mackelvieat al. 2007),

making the physiological and behavioural relevaocthe findings unclear. Others only
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measured total ghrelin (Burret al. 2007; Erdmanret al. 2007; Kyriaziset al. 2007;
Zoladz et al. 2005) instead of acylated ghrelin; the latter hsught to play a more
important role in appetite regulation (Suzwkial. 2010). Less is known regarding the
response of PYY to exercise, which appears to fondh its truncated form; PYY3s
PYY3_35is released into the circulation following foodake and the level of release is
directly proportional to caloric load ingested (Gkeni et al. 2004). Current evidence are
showing that acute exercise transiently increatesma total PYY (Broonet al. 2009;
Uedaet al. 2009a; Martinset al. 2007a) but only one study has measured P¥Y
responses to acute exercise in overweight subjgeidaet al. 2009b). The role of PYY

36iN exercise and appetite regulation therefore regunore attention.

Many previous studies in the research literatugan@ing exercise and appetite regulation
have tended to assess appetite and energy intagenses within the same day as an
exercise bout, but it may be possible that chamgag occur over a longer duration, or
after several meals have being taken. Indeedsibken proposed by Edholm (1977) that
‘we eat not for today but for the day before yestgrdVhile a single bout of exercise
have been shown not to increase appetite and emgede, it is unclear whether inducing
exercising on consecutive days would augment sulesgcpppetite and energy intake,
and whether these compensatory responses are thtyoceshanges in the gut hormones.
In addition, to fully understand the effects of exgee on the hormonal regulation of
appetite and food intake, it is therefore important assess all three variables
simultaneously within the same study. The purpdsthe present study was therefore to
examine the effects of two levels of exercise-irathenergy expenditures (single session
vs.three sessions over consecutive daysaaiibitumenergy intake, appetite sensations,
and gut peptide responses under laboratory conditidhe analysis for gut peptides
would be focused on acylated ghrelin, and peptide.3 the two hormones that are
receiving increasing interest in the literature tfegir roles in energy balance and appetite
regulation. While lean individuals seem to showt ttheey regulate and maintain body
weight well, studies in overweight/obese subjecte @conclusive, therefore this

population was chosen for the study.
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4.2 Methods

4.2.1 Participants

The participants recruited for this study were shene participants who took part in the
study in Chapter 3. Ten overweight men, (mea&8D) aged 3% 6 years, with body mass
90.6+ 7.2 kg, body mass index (BMI) 28.2 + 2.4 kif;nwaist circumference 94.4 + 6.4
cm and predicted maximal oxygen uptak¥ofimax) 40.8 + 10.4 ml-kgmin®

volunteered to participate in this study. All voleers were healthy,
normocholesterolemic, non-smokers, were not consgrany type of specialised diet,
non-dieters, had a sedentary to moderately adfestyle (less than two hours of planned
exercise per week), and were not highly restragsdrs. Exclusion criteria included BMI
< 25 kg-n¥, fasting blood glucose > 7.0 mmdi.Itotal cholesterol levels > 6.0 mmai.|
diagnosed heart disease, presence of diseases Koowause metabolic disturbances,
current tobacco use, and use of any medicationsth&known to alter appetite or feeding
behaviours. The study was approved by the FacdltBiomedical and Life Sciences
Research Ethics Committee at the University of @das and all procedures complied
with the Declaration of Helsinki. Each participgmovided written, informed consent
before participation. They were asked to remairnhigir normal daily activities and to

refrain from consuming alcohol during the courséhef study.

4.2.2 Experimental design

This chapter utilised the same experimental prdtasodescribed in Chapter 3. Each
participant undertook three main trials, in cowfialanced order, with an interval of at
least seven days: no exercise (CON), a single meesession (EX-1) and three exercise
sessions (EX-3). Each trial was conducted over fdays. In CON, participants
performed no exercise on Days 1 to 3; in EX-1,ipigdnts performed a single exercise
session on Day 3; and in EX-3 patrticipants undéreercise sessions on Days 1, 2 and
3. On Day 4 of each trial participants attendednttetabolic investigation suite for a 7-h
metabolic assessment, described in detail belowD@&ys 1 to 3 in all trials, participants
were provided with a controlled diet by the expenmers and, other than the imposed
exercise in the EX-1 and EX-3 trials, were askecdefaain from planned exercise and to
maintain their usual day-to-day activities durinigist period. An overview of the

experimental protocol is shown kigure 4.1
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Figure 4.1 Experimental design. Subjects completed three trials: Con@@N), single-exercise
trial (EX-1), and three-exercise trial (EX-3). Caiked diet foods (CD) were provided on Days 1-
3. Exercise sessiontX) were performed to expend 8 kcal*kgBlood samples and appetite
guestionnaires|] were collected at regular intervals on DayAdl. libitum buffet breakfast (B),
lunch (L), and dinner (D) were provided at desigdaimes.

4.2.3. Preliminary tests

This chapter utilised the same preliminary testsdascribed in Chapter 3. Before
undertaking the main experimental trials, partinigaundertook a number of preliminary
tests. Resting metabolic rate (RMR) was measufeat an overnight fast using a
ventilated hood system (Oxycon Pro, Jaeger GmbHechloerg, Germany) as described

in section 2.4.1. A four-stage incremental sub-imak treadmill walk test was

performed to estimat®¥ 0, max and calculate the speed and gradient requireticit the

intensity of 50% Vo, max for the exercise intervention as described datisn 2.3
(ACSM 1995). Height, body mass, waist circumferemese measured. Additionally,
subjects completed the Three Factor Eating Invgr(ftFEI) (Stunkard & Messick 1985)
(Appendix B) and the Dutch Eating Behaviour Questionnaire (QEEBVan Strienet al.
1986) @Appendix C). Scores on the TFEI and DEBQ were (mea8D): 2.3+ 0.7 and

7.1+ 4.1 respectively; none of the participants wasgifeed as a restrained eater.

4.2.4 Main trials

a) Days 1 to 3: Experimental intervention days

Control trial (CON). Participants refrained from alcohol and all planme@rcise over
Days 1 to 3 of CON. To ensure participants consuthedappropriate amount of energy
requirement, all of their food and drink were pdwd by the experimenters. The energy

intakes were calculated as RMR multiplied by a ptaisactivity level of 1.55, which
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corresponds to the energy requirement of a nomectidult (FAO 1985). The

macronutrient content of the diet reflected therage Scottish diet (49% carbohydrate,
37% fat and 14% protein) (DOE 2004), with 20% oémrgy provided at breakfast, 35% at
lunch, and 45% at dinner. The diet consisted of levtamd frozen foodse(g. cereals,

bread, fruits, pasta, etc.). Participants werenadlbad libitumaccess to water and sugar-
free fruit cordial. They were required to consurtiéad provided and to return the used
containers. Dietary adherence was monitored andiecby daily email and telephone
contact. Daily physical activity outside the laltorg during the intervention period was
assessed using an Actigraph monitor (Model GT1Mtighaph, LLC, Florida, USA).

Instructions on wearing the Actigraph were providedall participants, and they were

required to wear the activity monitor during wakinges for everyday of the 3-d period.

Single-exercise trial (EX-10n Days 1 to 3, participants consumed exactlystme diet
as CON {.e. energy intake 1.55 x RMR), consumed no alcohol mafichined from all
planned exercise other than that undertaken as gfathe intervention. Participants
performed a single exercise session on the aftarnb®ay 3, in which they walked on a

treadmill at an intensity of 509% 0, max to induce a net energy expenditure of 8 kcal-kg

! body mass. Duration of the walk varied for eachviiatial. Expired air samples were
collected in Douglas bags at rest, at 15-min irglsrduring the walk and for 15 min after
the completion of exercise for the determinationogygen uptake and carbon dioxide
production. Exercise energy expenditure was catedlaising indirect calorimetry, as
described in section 2.4.4. The net energy exparadpf exercise was determined by
subtracting resting energy expenditure from thesgrenergy expenditure of exercise.
Heart rates and ratings of perceived exertion wererded at 15-min intervals during the

exercise.

Three-exercise trial (EX-3)his trial was identical to EX-1 except participgwalked at
50% Vo, max to induce a net energy expenditure of 8 kcalbaply mass on each of

Days 1, 2 and 3.

b) Day 4: Metabolic assessment

Participants reported to the metabolic suite onntlwening (~8.00 am) of Day 4 after a
12-hour overnight fast, approximately 14-16 h aftempletion of exercise in the EX-1
and EX-3 trials. Following a 10-min supine rest ancouch, a 25-min expired air

measurement was taken using the ventilated hoddmy® determine metabolic rate and
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substrate utilisation. A cannula was inserted srtoantecubital vein and after a 10-min

interval, a fasting blood sample was takad. libitum breakfast, lunch and dinner were

provided during the observation period. Blood sasmlong with appetite ratings were

collected at 30, 60, 120, 180 min after completbioreakfast and the same pattern was
repeated after completion of lunch (270, 300, 36420 min).

4.2.5 Ad libitum energy intake

Immediately after fasting measurements were madaddibitum buffet-style breakfast
was provided containing a variety of breakfast akse semi-skimmed milk, toast,
croissants, margarine, jam and marmalade (~4500dfcenergy available). They were
given 15 min to consume this meal. Ad libitum buffet lunch, containing spaghetti
Bolognese, salad, vinaigrette dressing, bread, aniae potato crisps, fruit, yogurt and
chocolates (~3700 kcal of energy available) wasiged 3.5 h after breakfast in a similar
manner. Anad libitum buffet dinner, containing penne and mozzarellatgpasalad,
vinaigrette dressing, garlic bread, potato cridpst and cakes (~4900 kcal of energy
available) was provided at 3.5 h after lunch. Rgudints were given 30 min to consume
lunch and dinner meals. They were instructed taeabrding to their appetite until they
felt comfortably full. Participants were not infoeeh that consumption was being
measured, and consumed breakfast without experargeptesent, to minimise potential
alterations to usual feeding behaviour (Herman &viy@®005). All foods were covertly
weighed before they were made available to subjewts re-weighed again after meal
ingestion to quantify food intake. Drinks were rmpbvided during the meals baid
libitum access to water was made available throughout dlgeafter the completion of

each meal.

4.2.6 Visual analogue scales

Subjective assessment of appetite was made ussuglvanalogue scales adapted from
Flint et al. (2000) Appendix D). Each scale consisted of a 100-mm horizontal line
anchored at either end with statements “not ataiid “extremely”. The questionnaire
that was used consisted of five visual analogudescto rate ‘hunger’, ‘fullness’,

‘satisfaction’, ‘desire to eat’ and ‘prospectiveotbconsumption’.

4.2.7 Blood analysis for gut hormones
Venous blood samples were collected into potasdilDTA tubes and placed on ice
before separation and centrifugation for analy$igut hormones. Acylated ghrelin and

PYY3.36 were quantified using commercially-available ragiimunoassay kits (Millipore,
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St. Charles, Missouri, USA). Stability of acylatghrelin in plasma was maintained by
treating blood withp-hydroxymercuribenzoic acid (PMSF) before centrdftign and 1 N
HCL were added to acidify the plasma. Blood samplese treated with aprotinin and
dipeptidyl peptidase IV inhibitor (DDP-IV inhibitpto prevent degradation of P¥Y¥s
All samples from the same subject were assayediptichte and in single assay-rtm

eliminate the effects of interassay variation.

4.2.8 Statistical analysis

Statistical analyses were performed using Stadisfiersion 6.0, StatSoft Inc., Tulsa,
USA) and SPSS (version 10.0, SPSS Inc., Chicagd, D&a were tested for normality
using the Kolmogorov-Smirnov normality test anchg@mrmed as appropriate. Box-Cox
plots were used to determine the most appropniatestormation for data which did not
follow a normal distribution. Consequently, statiat analyses for acylated ghrelin were
performed on log-transformed data and are presexgedlues back-transformed to their
original units. The total areas under the 420-mariable vs. time curve (AUC),
calculated using the trapezium rule were used asreury measures of the postprandial
appetite and gut peptide responses. One-way repemasures ANOVAs were used to
compare fasting values across the three trials.-Waxp repeated measures ANOVAs
(trial x time) were used to examine changes oveetand across the three trials for
energy and macronutrient intake, appetite, andpgyptides responseBost hocTukey
tests were used to identify where differences Rgsociations between variables were
determined using Pearson product-moment correitiData are presented as means

SEM, unless otherwise stated. Statistical signifiteawas accepted pk 0.05.
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4.3 Results

4.3.1 Responses to the exercise sessions

The mean absolut¥ 0, values were similar in all exercise conditions (EXt.72+ 0.08

L-min; EX-3: 1.74+ 0.07 L-mift). The duration, and treadmill speed and gradient f
each of the four exercise sessions (one sessid&Xifd, three sessions in EX-3) were
identical within each participant. The durationtbé walk differed between individuals,
ranging from 65 to 110 min. Participants walkedtlo@ treadmill at a speed of 5t30.1
km-H* at a gradient of 6.% 0.7% for a duration of 935 2.2 min. Mean oxygen uptakes
and heart rates over the course of the exerciséossswere 21.& 1.1 ml-kg'-min' and
122 + 5 beats-mirl; respectively in EX-1, and 218 1.1 ml-kg"min* and 124+ 3
beats-mirt, respectively in EX-3. These values did not diffetween EX-1 and EX-3.
Net exercise energy expenditure (energy expendabowe resting level) was 71425
kcal in EX-1 and 214& 74 kcal in EX-3.

4.3.2 Metabolic responses in the fasted state

A summary of all fasting values is shownTable 4.1 By design, participants were in
negative energy deficit by 8 kcal-kgnd24 kcal-kg' at the start of Day 4 in EX-1 and
EX-3 respectively, relative to CONhere were no differences between trials in fasting
resting metabolic rate (RMR). Due to difficultiesthvblood sampling in one participant,
data for plasma variables are presentechfer9; data for the energy intake and appetite
variables are presented for= 10. No between-trial differences were obsengddsting
plasma acylated ghrelin and P¥3 Fasting hunger ratings were higher in EX-3
compared CONpQ < 0.001). There were no differences between EXd EBX-3 for any

of the measured variables.

Chapter 4 | 117



Table 4.1 Summary of fasting values in all trials£ 10). Values are meat S.E.M.

CON EX-1 EX-3
RMR (kcal-day) 1802+ 47 1819+ 49 1819+ 68
Acylated ghrelin (pmol) 152+ 15 16.0+ 1.1 17.8:1.8
PYY3.36(pmol-I*) 45.2+5.0 41.5: 6.7 43.0£5.9
Hunger ratings (mm) 52+ 6 61+5 73+ 4 **
Desire to eat ratings (mm) 51+8 64+ 6 69+ 5
PFC ratings (mm) 62+ 6 66+ 5 735
Satisfaction (mm) 33%5 325 25+ 4
Fullness (mm) 24+ 4 22+ 4 205

CON, control; EX-1, single exercise session; EX-3,dhegercise sessions; * significantly different from
CON (p < 0.05); ** (p< 0.001)

4.3.3 Ad libitum energy intake

Energy intakes at the buffet breakfast, lunch aimhet meals are presented Figure
4.2 Two-way ANOVA showed a main effect of trigd € 0.003) and timep(< 0.001), but
no trial x time interaction. Post hocanalysis showed energy intake was 19% greater at
lunch in EX-3 (1458t 84 kcal) compared to CON (122266 kcal;p=0.041), with no
difference noted between EX-3 and EX-1 (12699 kcal). Energy intakes at breakfast
and dinner did not differ between all trials. Irtalp energy intake was 18% and 13%
greater in EX-3 (3364 235 kcal) compared to CON (2844219 kcal;p = 0.003) and
EX-1 (2976 201 kcal;p = 0.022) respectively. In terms of energy intakenpensation
[(total energy intake in EX-1 or EX-3 — total engrigtake in CON)/net exercise energy
expenditure x 100], participants compensated ab®u4t and 24% of the energy expended

during exercise in EX-1 and EX-3 respectively.
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Figure 4.2 Ad libitum energy intake at breakfast, lunch, dinner, anal iot CON (:), EX-1 (@),
and EX-3 @) trials (h = 10). Values are expressed as means, with stamdand represented by

vertical bars. (*) significantly different from CO[p < 0.05); (1) significantly different from EX-
1 (p<0.05).
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4.3.4 Macronutrient intake

Table 4.2summarised the macronutrient intakes at all meatgiin all three trials. For

all meals (breakfast, lunch, and dinner) combimedjpared to CON, carbohydrate intake
was 16.7% higher in EX-P(= 0.011). The same trend was also observed fantake,
which was 19.7 % higher in EX-® € 0.010) compared to CON. Consumption of protein
were 22.6% and 14.5% higher in EX48 < 0.001) and EX-1p = 0.001) respectively,
compared to CON. No differences were noted diffebatween EX-1 and EX-3 trials in

total carbohydrate and fat intake, and across meals

Table 4.2 Macronutrient intake duringd libitum breakfast, lunch, and dinner for all triats<
10). Values are expressed as maars.E.M.

CON EX-1 EX-3

Carbohydrate

Breakfast (g) 124.0+£ 14.0 136.% 16.8 139.3 17.0

Lunch (g) 170.0+£ 12.5 169.7% 16.6 197.G: 15.9

Dinner (g) 130.7£17.5 136.0+ 13.8 159.% 15.9

Total (g) 4247+ 35.5 442.3 31.9 495.4-39.3 *
Fat

Breakfast (g) 7.6+1.4 8.5+1.8 8.3+ 1.7

Lunch (g) 32.7+ 3.4 35.7+ 3.8 40.5t 3.3

Dinner (g) 36.5+4.2 36.6: 4.0 43.3t5.1

Total (g) 769+ 7.1 80.7+ 6.4 92.1+6.8*
Protein

Breakfast (g) 19.2+ 2.3 23.0t 2.5 24.0t 2.4

Lunch (g) 55.1+2.8 58.3+ 34 68.4+ 3.9 **t

Dinner (g) 22.6+ 3.6 21.6+2.6 26.5+ 3.1

Total (g) 97.0£6.7 103.0+ 6.0 ** 118.9%+ 6.4 **t

* significantly different from CONg < 0.05); ** (p < 0.001); t significantly different from EX-p& 0.05)
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4.3.5 Appetite responses

Time-averaged area under the curve (TAUC) for pasighial appetite scores are
summarised inTable 4.3 Overall hunger scores were significantly higher EX-3
compared to CONp(= 0.011). No differences were observed for othgetfe variables.
Appetite responses over the 7-h observation penedllustrated irFigure 4.3 Two-way
ANOVA revealed a main effect of triap(= 0.009), time § < 0.001), and triak time
interaction p = 0.027) for hunger scores. No significant effectr@ml was observed for
other appetite scores (desire to eat, prospecto@d fconsumption, fullness, and
satisfaction), although a time effect was evideot fhese responsep  0.001),
indicating that appetite sensations changed saamfly during the observation period but

were not influenced by trials.

Table 4.3 Postprandial time-averaged area under curveulgjestive ratings of appetite over 7-h
observation perioch(= 10). Values are expressed as meais.E.M.

Appetite variables CON EX-1 EX-3

Hunger (mm) 27.2+25 304+24 342+22*
Desire to eat (mm) 23.1+3.2 25.0+ 3.8 28.4+4.0
Prospective food consumption (mm 27.0+3.0 27.6x3.1 30.8+£3.1
Fullness (mm) 67.7£ 3.9 67.9+4.9 68.8+4.0
Satisfaction (mm) 70.8+4.0 69.4+ 4.7 68.8+ 3.9

CON, control; EX-1, single exercise session; EX-3, tleeercise sessions; (*) significantly different from
CON (p < 0.05).
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Figure 4.3 Postprandial (a) hunger, (b) desire to eat, (osgective food consumption, (d)
fullness, and (e) satisfaction in COM),(EX-1 (o), and EX-3 $) trials. Times at which buffet
breakfast, lunch, and dinnes)(were provided are shown. Values are expressedeass, with
standard errors represented by vertical bars {0). (**) significantly different from CONp <
0.001).
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4.3.6 Gut hormone responses

Statistical analyses for acylated ghrelin were grened on log-transformed data and
back-transformed to original units for data repaytiSummaries of area under curve for
acylated ghrelin and PY3¥%6 responses over the 7-h observation period aresipied in
Table 4.4.Total AUC for acylated ghrelin and P¥Y¥s concentrationss time curve was
not significant between trials. When assessingAb€ in separate intervals, pre-lunch
(30-180 min) and post-lunch (270-420 min), no défeces were observed for gut peptide
responses during these intervdtgyure 4.4 illustrates the responses of plasma acylated
ghrelin and PY¥_3 over the observation period. Acylated ghrelin Y ;3¢ responses
changed significantly over timeg & 0.028 andp = 0.025 respectively), but no trial or

interaction effects were found.

Table 4.4.Postprandial time-averaged area under curve (TAOC)ut peptide responses over 7-
h observation periodn(= 9). Statistical analyses for acylated ghrelin evperformed on log-
transformed data and values are presented as nieakstransformed to original units with
positive and negative S.E.Malues are expressed as mear5.E.M for PYY; z6

Gut peptides CON EX-1 EX-3

Acylated ghrelin (pmol-*)

TAUC -30 — 420 min 13.6+1.6,15 145+16,14 145+ 2.3, 2.0

TAUC 30 — 180 min 13.0+15,14 129+15,14 13.8£2.2,1.9

TAUC 270- 420 min 13.6+£1.8,1.6 149+ 2.2,1.9 15.1+2.7,2.3
PYY 336(pmol-I")

TAUC -30 — 420 min 13.6+ 0.7 13.3x 0.9 13.6£0.9

TAUC 30 — 180 min 12.4+ 0.9 129+ 1.0 11.8+ 0.9

TAUC 270- 420 min 149+ 1.0 142+ 15 15.3£0.9

CON, control; EX-1, single exercise session; EX-3, thregase sessions
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Figure 4.4 Postprandial plasma (a) acylated ghrelin, andP(Ys.3s during the 7-h observation
period in CON ¢), EX-1 (o), and EX-3 ¢) trials. Times at which buffet breakfast, lunchda

dinner @) were provided are shown. Values are expressectheans, with standard errors
represented by vertical bars< 9).
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4.3.7 Physical activity outside laboratory

Physical activity for the preceding 3-d period efobservation day (Day 4) is illustrated
in Figure 4.5 Data is expressed as mean time (minutes) spengrious levels of
physical activity as defined by the Freedson’s afitpoint for adults (Freedsoat al.
1998): sedentary (< 100 counts-iinlight (100-1952 counts-nif), moderate (1952-
5724 counts-mif), and vigorous activities (> 5724 counts-MinPrior to statistical
analysis, accelerometry data during the periodxef@se bouts performed in EX-1 and
EX-3 were substituted with data from the correspomgeriod in the control trial, so
only physical activity outside the laboratory wamlgsed. About 68-70% of each day
was spent in sedentary activities, 23-27% was @ lifpht intensity category, and the
remaining time was spent in the at least modereiigity category. Two-way ANOVA
revealed a significant leveb &€ 0.001), but no trial and interaction effects,iaading that
although the absolute amount of time spent diffebetiween activity levels, daily

physical activity outside the structured exercisehe laboratory did not differ across

trials.
800+
= CON
O EX-1
700+ m EX-3

600+

5004

4001

3004

2004

Time spent in physical activity levels (min)

1004

Sedentary Light Moderate Vigorous

Figure 4.5 Mean time spent in various physical activity lsvauring the preceding 3-d period in
CON (v), EX-1 (@), and EX-3 #) trials (h = 10). Values are expressed as means, with standard
errors represented by vertical bars.

Chapter 4 | 125



4.4 Discussion

The purpose of this study was to investigatelibitum energy intake, appetite and gut
hormone responses to a single sessmiconsecutive sessions of exercise in overweight
men. The findings demonstrated that while a simglercise session did not result in a
significant compensation in energy intake, perfoignéxercise for three consecutive days
evidently resulted in increasead libitum energy intake and hunger perception. In
contrast, the consecutive exercise sessions didnfloence plasma acylated ghrelin,
PYY;.36and other appetite perceptions. These results suppo hypothesis that higher
energy deficit stimulated greater energy intakeyéaer, these responses were not related

to appetite-related hormones.

The findings of the present study showed that glsiaxercise session (~700 kcal) led to
a slight (~18% of expended energy expenditure)rmitsignificant increase in energy
intake. No changes in appetite perceptions werergbd. This is somewhat in agreement
with previous reports that have shown no differeniceenergy intake (Kingt al 2011a;
King et al.2010a, Kinget al.2010b; Unicket al.2010; Erdmanret al. 2007; Kinget al.
1997a, Imbeaulkt al. 1997) and appetite responses (Uretlal. 2010; Kinget al. 2010a,
King et al. 2010b; Imbeaulet al. 1997) in the post-exercise period. However, itas n
known whether energy intake would remain unaltdsegond the observation period of
these studies. In an elegant study by Edhetral. (1955) five decades ago, a correlation
between energy expenditure and energy intake wasifonly 2 days later, which ignited
the possibility of a delayed compensatory augmemtan energy intake. Indeed, Stubbs
et al. (2002a) found that raising energy expenditure xsreise (~400-800 kcal-dayfor

7 consecutive days in free-living women resultedaipartial compensation (~25-30%)
throughout the experimental period, but not in rf&tubbset al. 2002b). In a longer term
study lasting 16 days, Whybroet al. (2008) reported ~30% compensation in energy
intake due to graded elevations in exercise-indueedrgy expenditures (~400-900

kcal-day) in lean men and women feediad libitum

In the present study, the participants showed agb@ompensation of ~24% (of energy
expended in exercise) after expending ~ 2100 koalgh exercise in EX-3. Apart from
energy intake, an increase in ‘hunger’ ratings cara@ to control was also observed.

Given that the accumulated energy expenditure ieduzy the exercise in EX-3 was

Chapter 4 | 126



substantially greater than in EX-1, therefore ihdae reasonably assumed that the
elevation in exercise energy expenditure is likelynduce a compensatory response in
hunger and hence, energy intake. In a somewhatasistudy, Hagobiaret al. (2009)
reported increased appetite ratings for hungerkunger, desire to eat, prospective food
consumption) in overweight men who underwent 4 dafysonsecutive exercise (~750
kcal-day') with a concurrent energy deficit (daily energyake not matched to energy
expenditure) compared to when studied in energgrial. Collectively, previous findings
and the present data indicate that it may be plesHilat changes in appetite and energy
intake may not be evident 1-2 days post-exerciseinstead may take 3-4 days or longer
to become apparent. Indeed, Beyal. (2008) recently stated that corrective responses i
human food intake to deviations from average enémtgke occurs with a lag of 3-4
days, not 1-2 days, thus supporting the findingthefpresent study. It might also be that
overweight/obese individuals are less resistantnpaoed to lean counterparts, in
tolerating substantial negative energy balance tloatpensation in energy intake will
eventually sets in, in the direction to restorergpebalance. Furthermore, overweight
individuals have been shown to experience greaggisisvity to food-cue reward
(Franken & Muris 2005), and this reward-driven bebar might be implicated in the
compensatory behaviour in response to exerhtristhe present study, we observed greater
macronutrient intakes for carbohydrate, proteird &t in the EX-3 trial. However, we
attributed this finding to the resultant increaseenergy intake, and not likely due to
changes in macronutrient preferences, as theldisishs of energy in meals in this study
were typical of a Western diet. A majority of prews work have shown that

macronutrient preferences were unaltered in regptmexercise (Elder & Roberts 2007).

Changes in energy balandes(deficit, surplus) can have a marked impact on tiepe
related hormones that modulate energy intake. Msuagies in the past have typically
measured total ghrelin, and a majority of thesdieigihave consistently shown no effects
of exercise on total ghrelin responses (Uetdal. 2009b; Burnt al. 2007; Jurimaet al.
2007; Martinset al. 2007a; Kraemeet al. 2004; Schmidet al. 2004;Dall et al. 2002).
Although there is a close relationship betweenl ata the biologically-active appetite-
stimulating acylated ghrelin (Lucidet al. 2004), it cannot be excluded that this
relationship may be somewhat different in respdnsexercise. It was hypothesised that
any increases in appetite perceptions and enetgkerin this study would be attributed
to increased circulating levels of acylated ghrektowever the findings demonstrated
that this was not the case, as plasma acylateth gvek unaltered in all trials, therefore

the increase drive to eat observed in EX-3 couldhawe been due to effect of this gut
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peptide. This apparent uncoupling between feeloigaunger and ghrelin levels has been
previously reported in other studies (Hagob&inal. 2009; Malkovaet al. 2008). It is
unclear why elevated ghrelin levels were not olbegrin this investigation. Plasma

acylated ghrelin have been measured in a few stugieently but with slightly mixed
results. A single bout of running at 70%0, max for 60 min was reported to reduce 9-h

AUC acylated ghrelin (Broorat al. 2007). In a more recent investigation by Broeal.
(2009), it was demonstrated that while acylatecelymwas suppressed during a 60-min
run, the 8-h AUC remained unchanged compared ttraomoth studies recruited lean
male subjects. A similar trend was observed incamestudy by Kingt al. (2010a), that
despite the brief suppression of acylated ghrelinndg and immediately after 90-min of

treadmill running at 69%/0, max, ghrelin levels did not differ from control ¢y the

postprandial period, and the following morningeah, male subjects. Uniek al. (2010)
reported acylated ghrelin concentrations appearedbd unaffected for two hours
following a 40-min brisk-walking exercise in ovengit women. In longer term studies,
5 days of consecutive exercise is associated wih@ease in 4-h AUC acylated ghrelin
in lean male adolescents, but not in the overweygbtip (Mackelvieet al. 2007), while
Hagobianet al. (2009) observed no change in 2-h AUC acylatedlghos the following

morning after 4 days of consecutive exercise imee&ght male subjects.

Taken together, most of the evidence above seemmugmest that ghrelin may be
influenced acutely only during exercise, mostlyhe manner of suppression (Kiegal.
2010b; Broonet al. 2009; Marzulloet al. 2008; Broomet al. 2007); and that the effect is
only transient and disappears after the cessafiaxercise. Only a minority reported
sustained suppression (Malkogtal. 2008; Broomet al. 2007) or increase (Erdmamh
al. 2007) in the post-exercise period. Furthermoragelgh concentrationdhiave been
shown to elevate preprandially, and decline posttiedly, suggesting that the hormone
act episodically to influence acute eating behaviather than influence feeding in the
long term (Cummingset al. 2001; Tschopet al. 2001). Thus, this may conceivably
explain the lack of changes in plasma acylated lghabserved on the day following
exercise in the present study. Furthermore, evielehas also suggested that the
relationship between ghrelin and energy balanceorbes less significant in obesity,
where ghrelin levels seem to be unresponsive tdirigeMaieret al. 2010; Maieret al.
2008; le Rouxet al. 2005; Salbeet al. 2004), which may partly explain for the lack of
plasma ghrelin changes during the postprandialogem our overweight subjects.

Alternatively, it could also be possible that resges in ghrelin may be more pronounced
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in response to energy deficit caused by reducedygreevailability in meals, rather than
that induced by exercise (Boret al. 2009). Indeed, increase in fasting ghrelin levas
been observed in individuals following an energstnietion diet to achieve weight loss
(Kotidis et al. 2006; Hanseret al. 2002; Cummingset al. 2002). Other authors have
observed an increase in total ghrelin and/or aegllaghrelin concentrations with long-
term exercise intervention up to one year, but evitgn it is associated with weight loss
(Martinset al. 2010; Foster-Schubeet al. 2005; Leidyet al. 2004). The duration of our
study was too short to produce weight loss theeetbe lack of exercise-induced effects

on acylated ghrelin is somewhat expected.

Very few studies have examined the effects of egefinduced energy deficit on PYY
responses, particularly the more potent form — R3YIn the postprandial state, P¥¥
contributes to ~60% of circulating total PYY andnsre potent as a satiety signal than its
precursor PYY.ss (Chelikani et al. 2004). Similar to acylated ghrelin responses, we
demonstrated that there were no changes observgmbsitprandial PYY¥ss levels in
response to both exercise trials. Very few studiethe current literature address the
effects of short-term exercise-induced energy dsfion PYY;.3s responses. So far,
evidence are consistently indicating that circalgtiotal PYY and PYY¥se increased
during a single bout of exercise (Bro@nal. 2009; Uedaet al. 2009a; Uedat al. 2009b;
Martins et al. 2007a). All of these studies, except by Martzsal. 2007a, reported that
plasma PYY remained elevated in the post-exerass®mg and were different to that of
control (no exercise). Perhaps one of the canditittors contributing to the lack of
change observed in plasma PYY in our study is sintd that explaining ghrelin, which
is timing of observation, therefore the acute tiamschanges that may have occurred
during the exercise sessions could not be captumetie day following exercise. Similar
to ghrelin, some studies have confirmed that fgséind postprandial plasma PYY levels
are also attenuated in obesity (le Raixal. 2006; Stocket al. 2005; Batterhanet al.
2003). We also failed to observe any associatidwéden PYY; 3sand energy intake as
well as satiety sensationse( fullness and satisfaction). However, this studwliing does
not rule out the potential role of P¥Xsin appetite regulation in the longer term as Jones
et al. (2009) recently reported increased fasting todY Roncentrations in overweight

adolescents after an 8-month exercise intervention.

By virtue of our study design, we are unable teedatne macronutrient balance in this
study. Pannacciulliet al. (2007) demonstrated that energy intakes were ivegat

correlated with carbohydrate deficit, independdngmergy balance, which indicates that
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carbohydrate balance is a contributing metabolictofa affecting food intake. Thus
macronutrient imbalances could also be a contrigutactor to the feeding responses
observed in the present study. Alternatively, wanocd dismiss the contributions of
cognitive €.g. palatability, motivation to eat) and environmen&ly. laboratory setting)
factors that may have affected the feeding behasiou our subjects (Berthoud 2006).
Furthermore, when allowed to eat libitum obese subjects have been showed to

consume more than do normal weight subjects (Wiraj. 1978).

4.5 Summary

In summary, our findings showed that consecutivesdaf exercise produced a partial
compensation in energy intake (~24%) and increadringer perceptions in overweight
men, an effect that was not observed with a simylercise. The present study also
highlights the findings that the gut hormones astinfluenced by the exercise-induced
negative energy balance. It would be of interesexamine the hormonal responses
during the exercise period and observe how conisecdays of exercise can affect this.
Although we cannot clearly distinguish the rolesaof/lated ghrelin and PYs¥sin this

experiment alone, it is not unlikely that these geptides can be influenced by exercise
in the longer term. Future studies to confirm dute these initial results are eagerly

anticipated.
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CHAPTER 5

Effects of Exercise Before or After a Meal on
Postprandial Metabolism, Energy Intake and
Appetite Responses in Overweight Men

5.1 Introduction

Loss of body fat requires the imposition of a nagatfat balance. Fat balance is
determined by fat oxidation and fat intake, andatieg fat balance is achieved under
conditions when more fat is oxidised than is ingéqiSchutz 2004). Exercise is effective
at increasing fat oxidation, both during and in fsofollowing exercise (Hanseet al.
2005). However, the ability of exercise to induegative energy balance or fat balance
within a given period of time depends on its eneeypenditure, and its effects on
nutritional status across the exercise and the-gastcise periods (Tremblay & Therrien
2006). Beyond the energy cost of exercise, studséa& shown that consuming a meal
prior to exercise increased the contribution of boaydrate oxidation to energy
expenditure, relative to fat, during the exercisgiqnl (Deraveet al. 2007; Wuet al.
2003; Coyleet al. 1997; Horowitzet al. 1997), while a post-exercise meal can attenuate
the shift from carbohydrate to fat oxidation tharmally follows exercise (Longt al.
2008; Dionneet al. 1999; Montainet al. 1991). While these research efforts have
examined the effects of pre- and post-exercise gneal fat oxidation in controlled
laboratory conditions, not much is known regardivigich exercise timing around meal
ingestion induces greater overall fat oxidation‘real-life’ condition. Schneiteret al.
(1995) compared the effects of preprandial andppastlial exercise on fat oxidation and
suggested that preprandial exercise stimulategegréat oxidation over an 8-h period.
This inference is weak, however, because the exgetal condition did not include
subsequent food intake and therefore, was not septative of free-living situations. In
order to achieve overall negative fat balancejribeeased energy expenditure induced by
exercise must not be compensated by subsequentifiv@ki. This can prove to be
difficult in ‘real-life’ situations where food inka& is often uncontrolled. Furthermore, it is
unclear how exercise timing around meal ingestionld conceivably affect appetitive

behaviour andad libitum food intake, and how these subsequent meals dhrerice
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variations in substrate oxidation and overall falance throughout the post-exercise

period.

An additional consideration in the temporal asdomieof exercise and meal ingestion is
its effects on postprandial lipid metabolism. Mus¥idence has shown that exercise is
efficient in ameliorating the unfavourable exaggerss in postprandial lipaemia and
insulinaemia, adding to the health benefits of ptalsactivity in potentially curbing the
progression of atherogenesis (Katsanos 2006). Irst nod these studies, exercise
performed 4-18 hours prior to a high-fat meal dffety reduced postprandial TG and
insulin responses (Mestek al. 2008; Miyashiteet al. 2008; Pfeifferet al. 2005; Kolifaet

al. 2004; Petridoet al.2004; Gillet al.2002; Gill & Hardman 2000; Murphst al. 2000;
Tsetsoniset al. 1997). However, in studies which evaluated theat$ of post-meal
exercise on postprandial lipaemia, findings havenbmixed. Some studies reported a
decrease in postprandial TG when exercise was npeefb after a meal (Hardman &
Aldred 1995; Kleinet al. 1992; Schlierket al. 1987) while a study by Zhareg al. (1998)
reported no change from a no-exercise control. &ets & Moffatt (2004) compared the
effects of pre-meal and post-meal exercise on pastjial lipaemia and found that the
exercise-induced reduction in TG is irrespectivetiaiing of exercise around meal
ingestion. The finding of this study however, imied by the absence of subsequent
meals in the post-exercise period. Subsequent mgeastion in the post-exercise period
can have an impact on the magnitude and duratiothefexercise-induced metabolic
responsese.g. dietary carbohydrate consumed after exercise bas Bhown to reduce
the exercise-induced improvement in insulin sevigitup until the next day (Newsomt

al. 2010). Therefore, it is not known how exerciseirtignrelative to meal ingestion and

subsequent food ingestion may impact postpranigial metabolism.

To improve the effectiveness of exercise and ite o increasing fat oxidation and
improving postprandial metabolism, further inveatign is required to clarify which
conditions of exercise timing relative to meal isfign permits the greatest overall
negative fat balance and magnitude of hypotrigigeemic effect across daily meals and
the post-exercise period. The purpose of this stsidijerefore, to investigate the effects
of an acute bout of moderate intensity exercisecguting or after a standardised breakfast
meal, on macronutrient and postprandial metabolesnwell as appetite responses and

subsequent energy intake in overweight subjects.
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5.2 Methods

5.2.1 Participants

Ten healthy, overweight sedentary (engagementéncese activity <1 h-wk) men were
recruited to participate in this study. Their aB&}I, waist circumference, and predicted
maximum oxygen uptake were (mean + SD) 28.1 + ¥8ats, 29.0 + 2.8 kg’ 93.2 +
8.6 cm, and 39.1 + 54 kg-ml-rifinrespectively. Participants were healthy,
normocholesterolemic, non-smokers, with no knowstdny of CVD or diabetes, and
were not consuming any type of specialised dietating a medication thought to
interfere with energy substrate metabolism and ttepdietary restraint was measured
by the restraint scale on the Three Factor Eatingsfonnaire (TFEQ) (Stunkard &
Messick 1985) Appendix B) and Dutch Eating Behaviour Questionnaire (DEBQar(
Strienet al. 1986) Appendix C). The dietary restraint scores were 6.1 + 3.024d: 0.4
respectively. None of the participants was clasdifas a restrained eater. The present
study was conducted according to the guidelingsdta the Declaration of Helsinki and
all procedures involving human subjects were apgildwy the Faculty of Biomedical and
Life Sciences Ethics Committee at the Universityatdsgow, UK. Each participant gave

written informed consent prior to participation.

5.2.2 Experimental design

After preliminary testing, each participant comptitthree, 8.5 h experimental trials in
counter-balanced order with an interval of 1-2 veeedxercise before breakfast-meal
(EXM), exercise after breakfast-meal (MEX), and ttoh(CON). An overview of the
study protocol is shown ifigure 5.1 For 2 days prior to their first trial, particigan
recorded all of their food and drink intake and evirstructed to replicate this diet for the
two days preceding their subsequent experimenéas$ tiThey were also asked to refrain
from alcohol and planned exercise and maintairr thewial day-to-day activities during

this recording period.

5.2.3 Preliminary tests
Before undertaking the main experimental trialsrtipants undertook a four-stage

incremental sub-maximal treadmill walk test, ddsedi in section 2.3, to estimate

Vo,max and calculate the speed and gradient requaeglitit the intensity of 50%

Vo, max for the exercise intervention. Height, body spasaist circumference were

measured. Each participant was also asked aboudt tfugy disliked and whether they
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have any food allergies. This information was useensure that foods provided in the

libitum buffet were suitable and acceptable for their oamstion.
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Figure 5.1 Experimental design Subjects completed three trials: exercise bdioeakfast-meal
(EXM), exercise after breakfast-meal (MEX), and tcon(CON). Expired air measurements),(
as well as blood samples and appetite questiorm@irevere collected at regular intervals. Test
breakfast (TB), buffet lunch (BL), and buffet dim{8D) were provided at designated times.

5.2.4 Main trials

Exercise before breakfast-meal (EXNRarticipants arrived at the metabolic suite at 8.00
am after a 12-hour overnight fast. Following 10 rsirpine rest on a couch, a 25 min
fasting expired sample was collected using a \aetil hood system (Oxycon Pro, Jaeger
GmbH, Hoechberg, Germany) to determine resting Ibodita rate and substrate
utilisation, described in section 2.4.1. A cannwks then introduced into an antecubital
vein for repeated blood sampling. Participants wasked to rate their fasting appetite
sensations using 100-mm visual analogue scalesadadting blood sample was taken
immediately before the commencement of exercissi@esThe exercise session began at

9.00 am (-90 min ifrigure 5.1) and all participants completed a 60-min treadmdalk at
50% of Vo, max. Expired air samples were collected at 15-mierizals during the walk,

and for 15 min in the recovery period using Doudlags for the determination of oxygen
uptake and carbon dioxide production. Calculatidrfad and carbohydrate oxidation
during exercise were determined using indirect roaletry (Frayn 1983) described in
section 2.4.3. Heart rate and ratings of percemsesttion were recorded every 15 min
during the walk. Blood samples were collected at rBih during the walk and

immediately after the walk ended. Participants akscorded their appetite sensation
ratings at the end of walk. At 10.30 am (0O min Higure 5.1), 30 minutes after

completion of the exercise session, participantsewgovided with a test breakfast as
described below. On completion of the meal, padénts underwent a 7-hour

postprandial observation period, during which blagainples and VAS ratings were
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collected at 30, 60, 90, 120, 180, 210, 240, 248D, 390, and 420 min. Subsequent
expired air measurements were made using the &stihood system for 15 min at 60,

120, 180, 270, 330, and 390 mid libitumlunch and dinner, as described below, were
served at 210 (2.00 pm) and 420 min (5.30 pm).

Exercise after breakfast-meal trial (MEXJhis trial was identical to the EXM trial,
except that participants rested for 1 h from 9.000-00 am, and performed the 1-h
exercise session at 11.00 am (30 mirrigure 5.1), 30 minutes after test breakfast was

provided.

Control trial (CON).This trial was identical to both exercise trialcegt that participant
remained rested during the periods.(9.00 — 10.00 am and 11.00 am — 12.00 pm) which

corresponded to the exercise session in EXM and Ml respectively.

5.2.5 Test breakfast

Participants were provided with a standardisedkiesa made up to provide 5 kcalkg
of body mass. The meal comprised a bagel, polyursad fat margarine, and a meal-
replacement drink (Complan Foods Ltd, UK) made witible milk, and provided 49%
of energy from carbohydrate, 37% from fat, and 1#&6n protein. Participants were

asked to consume the meal within 10 min.

5.2.6 Ad libitum energy intake

An ad libitum buffet lunch, containing spaghetti Bolognese, Galanaigrette dressing,
microwaved chips, potato crisps, fruit, yogurt aclibcolate (~3500 kcal of energy
available) was provided 3.5 h after breakfast.i€ipetnts were given 20 min to consume
this meal. Ad libitum dinner was provided 3.5 h after lunch, consistafgchicken
arrabiata pasta, bread, margarine, potato crispg, &ind cakes (~3500 kcal of energy
available). Food was presented in excess of expextesumption and participants were
told to eat until they felt comfortably full. Pasippants were given 20 min to consume
both lunch and dinner. They were not informed #@wisumption was being measured,
and consumed all meals without experimenters ptegeminimise potential alterations
to usual feeding behaviour (Herman & Polivy 200Al. foods were covertly weighed
before they were made available to subjects avdeighed again after meal ingestion to
guantify food intake. Participants were not proddeith water during the meals batl
libitum access to water was made available throughout dlgeatter the completion of

each meal.
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5.2.7 Visual analogue scales
Subjective assessment of appetite and mood was uosdlg subjective visual analogue
scales adapted from Fliat al. (2000) described in section 2.6A&ppendix D).

5.2.8 Blood analysis

Venous blood samples were collected into pre-coptedssium EDTA tubes and placed
on ice before centrifugation to separate plasmaiwit5 min of collection. Plasma was
stored at -80C until analysis. Glucose, TG, total cholesterod adDL cholesterol
concentrations were determined by enzymatic colefrim methods using commercially
available kits (Horiba ABX, Montpellier, France;daiWako Chemicals GmbH, Neuss,
Germany). Insulin was determined using a commadye#lailable enzyme-linked
immunoassay (ELISA) with <0.01% cross-reactivity thwipro-insulin (Mercodia,

Uppsala, Sweden). All samples for each subject weadysed in a single analyser run.

5.2.9 Statistical analysis

Statistical analyses were performed using Stagisfiersion 6.0, StatSoft Inc., Tulsa,
USA) and SPSS (version 10.0, SPSS Inc., Chicagd, D&a were tested for normality
prior to analysis. The total areas under the véaiad time curve (AUC), calculated using
the trapezium rule, and the incremental AUC, caliad as the increment in AUC over
baseline concentrations, were used as summary msastithe postprandial responses.
One-way repeated measures ANOVAs were used to aenfpating values, summary
data and energy intakes across the three triale-Way repeated measures ANOVAs
(trial x time) were used to compare changes ovee tand across the three tridbast hoc
Tukey tests were used to identify where differenlegs Data are presented as means

SEM, unless otherwise stated. Statistical signifteawas accepted pk 0.05.
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5.3 Results

5.3.1 Responses during the treadmill walk

The treadmill speed and gradient for both exersigssions (EXM and MEX) were
identical within each participant. Participantsikea for 60 min at an average speed of
5.5+ 0.1 km-F on a gradient of 4.3 0.8%. All exercise sessions were completed
without difficulty, participants rated the exercias ‘light’ on the Borg scale of 6-20 in
both EXM (10.4+ 0.6) and MEX (10.% 0.6) trials. Mean oxygen uptakes and heart rates
over the course of the exercise sessions were 2018 ml-kg--min* and 127+ 4
beats-mit, respectively in EXM, and 195 0.8 ml-kg"-min* and 129+ 4 beats-min,

respectively in MEX. Values were not different beem trials.

5.3.2 Metabolic responses in the fasted state

Resting metabolic rate, measured first thing inri@ning at 8.00 am in all trials, was
not different between trials, nor were restingdaidation rate and resting carbohydrate
oxidation rate between trials. There were no sigaift differences between trials in

fasting triglyceride, insulin, glucose, or totd#DL- or LDL- cholesterol Table 5.7).

Table 5.1.Summary of fasting metabolic and plasma values 10). Values are meat S.E.M.

EXM MEX CON
RMR (kcal-day) 1810+ 65 1842+ 73 1831+ 48
Fat oxidation (g-daj) 108.4+12.3 129.5+ 11.7 121.1+ 7.0
CHO oxidation (g-das) 216.7+24.5 172.3+ 24.3 190.3+ 20.9
TG (mmol-1) 0.97+0.08 0.99+0.10 1.01+ 0.99
Insulin (mU-1") 6.16+ 0.95 6.97+ 1.07 7.05t 0.82
Glucose (mmol-1) 5.11+0.16 5.32t 0.14 5.17+0.11
Total cholesterol (mmol?) 4.61 +0.30 4.27+0.31 4.39% 0.36
HDL-C (mmol-I*) 1.22 +0.10 1.20£ 0.10 1.20t 0.07
LDL-C (mmol-I*) 2.95+ 0.34 2.62+ 0.35 2.73t0.34

EXM, exercise before meal; MEX, exercise after m&HQO, carbohydrate; TG, triglycerides.
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5.3.3 Metabolic responses during exercise

Summary data for energy expenditure and substralisation during exercise are
presented iMable 5.2 The total net exercise energy expenditure wagagimuring both
exercise trialsd = 0.657). The net amount of fat oxidised during eseravas 33%
greater in the EXM compared to MEX trigd € 0.005). Conversely, the net amount of
carbohydrate oxidised was 18% greater in the ME{ than in EXM p = 0.003). The
relative contributions of fat and carbohydrate axion to energy expenditure during the

15-min post exercise recovery were however, ndediht between EXM (fat: 1.2 0.2

g; carbohydrate: 4.4 0.4 g) and MEX (fat: 1.* 0.1 g; carbohydrate: 5:10.1 g).

5.3.4 Postprandial energy and macronutrient utiligsaen

The summary AUC for postprandial energy expenditanel substrate utilisation are
presented imable 5.2 As expected, total energy expenditure over tbeh8observation
period was greater in both EXM and MEX trials, cargnl to CON§ < 0.001 for both).
Total fat oxidation over this period was 53% and®4§reater in EXM and MEX
respectively compared to CON < 0.001 for both). Similarly, total carbohydrate
oxidation was 55% greater in EXM and 65% greateMEX than CON p < 0.001 for
both). None of these values differed between EXM BMEX. However, when the net
energy expenditure and substrate utilisation duexercise are subtracted from the total
AUC, there were no differences observed in enexperditure and substrate utilisation

over the observation period between trials.
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Table 5.2.Total net energy expenditure and substrate uidisaluring exercise, and postprandial
area under curve for energy expenditure and subsitdisation over 8.5 h observation periad (
= 10). Values are expressed as meas.E.M.

EXM MEX CON

During exercise:

Energy expenditure (kcal) 433+ 24 429+ 24

Fat oxidation (g) 23.0£13t% 173+ 1.3

CHO oxidation (g) 59.2+6.7 t 72.4+6.5
Total AUC (including exercise):

Energy expenditure (kcal) 1207+ 40 ** 1192+ 43 ** 783+ 26

Fat oxidation (g) 76.1+ 4.6 * 71.1+28%* 496+ 2.2

CHO oxidation (g) 1349+ 12.7* 143.9+ 8.0 ** 87.0+ 5.3
Total AUC (excluding exercise):

Energy expenditure (kcal) 773 24 763+ 23 783+ 26

Fat oxidation (g) 53.0+ 3.8 53.6£25 496 2.2

CHO oxidation (g) 75.8+ 8.4 72.4+55 87.0+ 5.3

**significantly different from CON p < 0.001); t significantly different from MEXp(< 0.01); CHO,
carbohydrate; EXM, exercise before meal; MEX, eiserafter meal

5.3.5 Ad libitum energy intake and relative enerigyake

Table 5.3 shows the energy intake and macronutrient intakeadl libitum lunch and
dinner. Two-factor ANOVA showed no trial or intetan (trial x meal) main effects for
energy intakef > 0.05). Thusad libitumenergy intake for lunch, dinner, and total were
not significantly different between trials. Caldida of the relative energy intake [total
energy intake - (exercise energy expenditure -mgstnergy expenditure)] however,
showed that this was significantly lower in the EXM70+ 121 kcal) and MEX (152%
156 kcal) trials, compared to the control trialZ22 158 kcal,p < 0.001 for both). After
adjusting for the net energy expenditure of exetdisere was an energy deficit of 433 +
24 kcal and 422 24 kcal in EXM and MEX trials respectively, comedrto CON. There
was no significant difference between trials in thmntity of energy consumed derived

from fat, carbohydrate and protein.
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Table 5.3. Ad libitum energy intake and macronutrient intake for lunod dinner G = 10).
Values are expressed as mearS.E.M.

EXM MEX CON
Lunch intake (kcal) 1206+ 90 1239+ 106 1247+ 94
Carbohydrate (kcal) 645+ 47 652+ 54 665+ 53
Fat (kcal) 311+ 35 338+ 48 334+ 33
Protein (kcal) 249+ 16 248+ 15 247+ 18
Dinner intake (kcal) 767+ 76 715+ 75 682+ 106
Carbohydrate (kcal) 393+ 35 408+ 34 389+ 51
Fat (kcal) 174+ 25 167+ 29 166+ 37
Protein (kcal) 130+ 16 140+ 19 127+ 24
Total energy intake (kcal) 1882+ 130 1955+ 162 1929+ 158
Carbohydrate (kcal) 1038+ 64 1061+ 78 1055+ 79
Fat (kcal) 486+ 53 506+ 74 501+ 62
Protein (kcal) 379+ 13 388+ 21 373+ 27

5.3.6 Postprandial appetite responses

Time-averaged AUC values for postprandial appetitings are shown ifable 5.4
Postprandial responses for appetite sensationggéhuprospective food consumption,
desire to eat, satisfaction, and fullness) over8tleh observation period are illustrated in
Figure 5.2 Appetite ratings changed significantly over tifpe< 0.001) but no trial or
interaction main effects were found for any of tyepetite ratings assessed (hunger,
prospective food consumption, desire to eat, saticfn, and fullness), indicating that
appetite ratings changed significantly during thelg but were not influenced by

exercise.

Table 5.4.Postprandial time-averaged area under curve (TAJC3ubjective ratings of appetite
over 8.5 h observation period £ 10). Values are expressed as meas.E.M.

Appetite variables (mm) EXM MEX CON

TAUC Hunger 44,6+ 2.8 40.4+ 3.5 43.7£ 4.2
TAUC Desire to eat 447+ 3.2 40.0+ 4.1 43.1+ 3.8
TAUC Prospective food consumption 50.2+ 2.0 459+ 3.1 48.1+ 3.2
TAUC Fullness 49.1+ 3.1 51.8+2.7 51.7+3.1
TAUC Satisfaction 49.6+2.4 40.4+ 3.5 515+ 3.0
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Figure 5.2 Postprandial (a) hunger, (b) prospective foodsoomption, (c) desire to eat, (d)

fullness, and (e) satisfaction in COM),(EXM (o), and MEX @) trials. Dotted arrow (<% )

represents exercise session in EXM, black arros— ) represents exercise session in MEX.

Times at which test breakfast)(and buffet mealsm) were provided are shown. Values are
expressed as means, with standard errors reprdsepteertical bars. (*) significantly different
from CON ¢ < 0.05), (1) significantly different between exeeirials p < 0.05).
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5.3.7 Cumulative energy balances

Cumulative energy, fat, and carbohydrate balantesisured over an 8.5 h observation
period during each trial are shown HKigure 5.3 Two-factor ANOVA revealed a
significant main effect of trialp(< 0.001), time [§ < 0.001), and interaction (trial x time)
(p < 0.001) for cumulative energy, fat, and carbohyelrbalances as well as substrate
utilization over time. Energy balance at the endh# 8.5 h observation period (after
consumption ofad libitumdinner) did not differ between EXM (+1045122 kcal) and
MEX (+1128+ 145 kcal) trials but were significantly lower th@®ON (+1549 146 kcal;

p < 0.001 andp < 0.01 respectively). Cumulative carbohydrate bzdaremained positive
in all three trials but were significantly lower BXM (+708+ 54 kcal) and MEX (+69%

69 kcal) compared to CON (+916 63 kcal,p < 0.001 for both). Compared to CON
(+190 £ 70 kcal), participants remained in negative fatabee at the end of the
observation period in both EXM (-1@686 kcal,p < 0.001) and MEX (-22 72 kcal;p <
0.001), but these did not differ between exeraisdst
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(#), EXM (o), and MEX ) trials. Dotted arrow-(»
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buffet meals §) were provided are shown. Values are expressedeass, with standard errors
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different between exercise triajs< 0.001).
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5.3.8 Plasma metabolic responses during exercise

Figure 5.4 summarises the plasma metabolic variables durin00 and 60 min of

exercise period in EXM and MEX trials. TG concetitmas were significantly higher in

the MEX trial at 30 and 60 min of exercige< 0.05). Similarly, insulin concentrations
were significantly higher at all time points in ME¢bmpared to EXM. There were no

differences in glucose concentrations across bahcese conditions.
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Figure 5.4 Plasma (@) triglycerides, (b) insulin, and (cliagise during 0, 30, and 60 min of

exercise in EXM ¢), and MEX @) trials. Values are expressed as means, with atdnetrors
represented by vertical bars. (*) significantlyfeient between trialp(< 0.05), (**) (p < 0.001).
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5.3.9 Postprandial plasma metabolic responses astone

Table 5.5 summarises the overall postprandial responses @rifsulin, and glucose.
Figure 5.5illustrates the postprandial responses for TQylinsand glucose over the 8.5
h observation period. Two-factor ANOVA revealedigngficant main effect of trialf =
0.043), time i < 0.001), and interaction (trial x time) € 0.001) for postprandial TG
response. Plasma TG concentrations increased peigesy over time and peaked after
the consumption of lunch. The overall postprandi@lresponse was 17% lower in EXM
compared to CONp(= 0.02) and no significant changes were observed detWwEX
and EXM or between MEX and CON. Similar to TG rasges, insulin responses differed
over time p < 0.001), and across trialp € 0.009), with a significant trial x time
interaction observedp(< 0.001). Plasma insulin concentrations peaked ffasting
values following both breakfast and lunch in alals, followed by a gradual decline
throughout the rest of the 4-h postprandial peri@dmpared to CON, the overall
postprandial insulin response was 1996=(0.008) and 23%p(< 0.001) lower in EXM
and MEX respectively. The postprandial glucose sasp did not differ across between

all trials.

Table 5.5. Postprandial time-averaged and incremental areferuourve (AUC) for plasma
metabolic variables over 8.5 h observation penod 10). Values are meai S.E.M.

EXM MEX CON

TG (mmol-I™)

Total TAUC 1.24+0.10 * 1.34+ 0.13 1.50+ 0.15

Incremental TAUC 0.27+0.08 * 0.35+ 0.09 0.48+ 0.10
Insulin (mU-1"%)

Total TAUC 25.05+ 4.09 ** 23.61+ 3.49 ** 30.85+ 4.76

Incremental TAUC 18.89+ 3.27 * 16.64+ 2.53 ** 23.80+ 4.15
Glucose (mmol-?)

Total TAUC 5.50+ 0.09 5.43+0.13 5.32+0.14

Incremental TAUC 0.32+0.11 0.18+0.16 0.15£0.12

* significantly different from CON (p < 0.05); ** (p < 0.001)
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5.3.10 Postprandial plasma metabolic responses ssliatervals

AUC for TG, insulin, and glucose in three sepamatervals: pre-breakfast (-90 — 0 min),
post-breakfast (0 — 210 min) and post-lunch (21426 min) are shown ifigure 5.6
When analysed in separate intervals, postprandiarésponses following lunch (210 —
240 min) were 20%yp(= 0.02) and 17%p(= 0.03) lower in EXM and MEX respectively,
than CON, with no difference between all trials fore-breakfast or post-breakfast
intervals. In the pre-breakfast interval, the insuksponses were 21% lower in EXM
compared to CONp(= 0.007), and 20% lower compared to MEX=0.010). Following
post-breakfast interval, insulin responses were Z@% 0.033) and 39%p(= 0.002)
lower in EXM and MEX respectively, compared to COMth no differences between
EXM and MEX. However, insulin responses did noffatifoetween trials in the post-

lunch interval. There were no changes in glucospaeses across all intervals.

Chapter 5 | 147



5001
= CON
4501
(a) - 0 EXM
g0l = MEX x ¥
g 3504
E
$ 3001
2 250 -
8
g 2004
=
C)' 1504
=]
< 1001
50. W
0
pre-breakfast post-breakfast post-lunch

12000+
(b) 100004
E 80004
o)
E
£ 60004 *
3
2 *
O 4000+
-]
<
2000+
*t
N
pre-breakfast post-breakfast post-lunch
14001
(c)
12004 I
—~ =L
£ 10004
[=]
£
é 8004
(0]
%}
Q
o
= 6004
)
S
< 4004
2004
0
pre-breakfast post-breakfast post-lunch

Figure 5.6.Area under curve for plasma (a) TG, (b) insulind &) glucose, in separate intervals:
pre-breakfast (-90 — 0 min), post-breakfast (0 8 2in) and post-lunch (210 — 420 min) in CON
(=), EXM (o), and MEX @) trials. Values are expressed as means, with atendrrors
represented by vertical bars. (*) significantlyfelient from CON (§ < 0.05), (T) significantly
different between exercise triajs<€ 0.05).
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5.4 Discussion

The aim of the present study was to determineftleete of exercise undertaken before or
after a meal on macronutrient and postprandial boditem, appetite responses aad
libitum feeding. The main finding of the study was that aute bout of moderate
intensity exercise elicited negative fat balance greater total fat oxidation at the end of
the day, irrespective of timing of exercise relatiwo consumption of a meal. Despite
inducing a moderate energy deficit, exercise didseem to modify appetite, or increase
ad libitumenergy intake. In addition, overall postprandisulin responses were lower,
in both exercise conditions compared to no exereisd postprandial TG responses were
decreased after the consumptioradflibitumlunch. These findings lend support for the

role of exercise in weight control as well as imping postprandial lipid metabolism.

There have been a large number of studies examihmgeffects of pre-exercise meal
ingestion on macronutrient metabolism during execiThe finding of the present
investigation is in agreement with previous woréttehowed pre-exercise feeding altered
substrate utilisation during the exercise periodfamour for carbohydrate oxidation,
compared to exercise in the fasted state (Deeawd. 2007; Wuet al. 2003; Coyleet al.
1997; Horowitzet al. 1997; Schneiteet al. 1995; Montainet al. 1991). Reciprocally, the
rate of fat oxidation during exercise was greatbem exercise was performed in the
fasted state prior to a meal. Consumption of caybadie prior to exercise has been
shown to suppress fat oxidation and this is larglkig to the concomitant rise in plasma
insulin and insulin-induced suppression of lipatyHanseret al. 2005; Horowitzet al.
1997). Therefore, the present findings supportpitevailing notion that, with regards to
macronutrient partitioning, exercise performed befa meal€.g.fasted state) maximises
fat oxidation during the exercise itself whilst @sging a meal prior to exercise results in

greater carbohydrate disposal by the working msscle

Although a considerable body of evidence has shinanfat oxidation during exercise is
enhanced in the fasted state compared to after imgadtion, relatively few studies have
directly compared the effects of exercise timinguad meal ingestion on macronutrient
oxidation in the post-exercise period. Data fromsth studies (Bennard & Doucet 2006;
Schneiteret al. 1995) reported that exercise performed before enimg meal resulted in

a greater total amount of fat oxidised in the p@stdial period of 2 — 8 hours compared
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to exercise after a meal. However, it is importanhote that meals were not provided in
the post-exercise period in these studies, whiaks dwt reflect ‘real-life’ setting. To
mimic a more realistic, typical daily life scenariwe extended the protocol by including
ad libitum lunch and dinner meals in the present study. Tihdifg of this study
demonstrates that, overall fat oxidation was greatboth exercise conditions, compared
to control, and that exercise before a meal is mwenefficient in stimulating greater
overall fat oxidation than exercise after a meagrewithad libitum lunch in the post-
exercise period. Upon closer inspection howeveemite energy costs of exercise were
adjusted for, it appears that fat oxidation rateseshighly congruent in all trials. Thus,
the greater amount of fat oxidised at the end efdhy in both exercise conditions was
mainly contributed by the exercise sessions, andimong the post-exercise postprandial
period. Some studies have shown that whole-bodyxXatation rate induced by acute
exercise still remained elevated until the follogvinlay, despite food consumption,
compared to no exercise (Burtehal.2008; Folchet al.2001; Gillet al. 2001a; Bielinski

et al. 1985). Therefore, this present finding seems tatredict the notion that exercise
substantially increases whole-body fat oxidatiorthe post-exercise period. Perhaps the
discrepancy between our findings and previous studan be explained by the greater
caloric expenditure (~700-2100 kcal) others hadadsea on their subjects, compared to
~400 kcal session in this study. Additionally, duéd also be that any increases in fat
oxidation duringthe post-exercise period in this study are offsgt dubsequent
meal/carbohydrate ingestion, which induced hypelinaemia and attenuatethe

exercise-induced fat oxidation in the postprandéeliod (Achten & Jeukendrup 2004).

Although many studies have examined the effectsshudrt-term exercise on meal
consumption and appetite, research examining ttenpal interactive effects of exercise
timing and appetitive behaviour is lacking. To thethor's knowledge, only one
published study has compared the effects of prd-arehpost-meal exercise on appetite

responses. Chengt al. (2009) reported that 50-min of exercise at 683, max after

consumption of a test meal appears to suppresslbagpetite and prolong depressed
hunger scores for a longer time (~5 h) comparezké&scise before a meal. It is postulated
that exercise helped to extend the postprandiatseg effect caused by meal ingestion,
compared to meal alone, in the postprandial peridalvever, Cheng’s study did not
assessad libitumfood intake, therefore it is unknown if the obszhappetite suppression

would translate into lower food intake during thesgprandial period. In the present
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study, exercise, irrespective of its timing relatito meal ingestion, did not seem to
influence appetite and food intake in the post-eiser period, as energy intake was
similar between trials. This observation also conéi previous findings that have

typically shown that short term energy intake (@)2s unaltered in response to an acute
exercise bout (Hopkinst al. 2010).

More importantly, when addressing the effects agreise in maximising fat oxidation,
substrate balances should be looked into. In thlesemt study, energy balance was
positive, but lower than control, in both exercisenditions at the end of the 8.5 h
postprandial observation period. The individual sttdte balances however, differed
markedly. Fat balance was negative at the end, eslsecarbohydrate balance was
positive, in both exercise conditions respectivend this is irrespective of exercise
timing relative to meal ingestion. Also key to tvesent findings is that participants did
not compensate in energy intake, as demonstratethebyower relative energy intake,
therefore they were in energy deficit relative tnirol in both exercise conditions.
However, the present study was only short termh);%nd energy intakes and physical
activity outside the laboratory were not recordbeéyefore 24-h fat balance could not be
determined. In 24-h room calorimeter studies coingathe effects of exercise on 24-h
fat oxidation, findings have consistently shownttli@ oxidation on the days with
exercise did not differ from a sedentary control gtelean adults (Melansoet al. 2002),
obese individuals (Melansoet al. 2009a; Saris & Schrauwen 2004) and endurance-
trained individuals (Melansoet al. 2008) when subjects were fed to maintain energy
balance. Nonetheless, it is not impossible to belithat inthe absence of deliberate
attempts to restore energy balance in the postieeperiod, transient exercise-induced
energy deficit and negative fat balance may séhspst through oner more postprandial

periods under real-life conditions.

This study also highlights the effect of timingeofercise relative to meal ingestion on TG
and insulin responses. It is well established tiv@tmeal exercise performed 4-18 h
before a meal is effective in attenuating the lipaeresponse to a fatty meal (Mesttk
al. 2008; Miyashitaet al. 2008; Pfeifferet al. 2005; Kolifaet al. 2004; Petridotet al.
2004; Gillet al. 2002; Gill & Hardman 2000; Murphgt al. 2000; Tsetsonist al. 1997).
Reports have suggested that decreased hepatic \debietion (Gill & Hardman 2003;
Malkova et al. 2000), diminished entry of intestinally-derived Ti®o the circulation
(Kolifa et al.2004; Hardman & Aldred 1995) or increased LPL-ragzti TG clearance
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(Petit & Cureton 2003; Zhangt al. 1998; Tsetsonis & Hardman 1997) may have
contributed to the hypotriglyceridaemic effect alvsel following exercise. However, the
effect of exercise timing on postprandial TG issletear. Specifically, only Katsanos &
Moffatt (2004) and Zhanegt al. (1998) directly compared the effects of exercisgny
relative to meal ingestion on postprandial lipenwathout ad libitum feeding), but
produced contradicting results. Both studies regabattenuation in postprandial TG when
exercise was performed before a meal, and whilesafats & Moffatt (2004) found a
similar attenuation with post-meal exercise, thdieastudy reported that post-meal
exercise did not have any effect on postprandial (Z@anget al. 1998). But because
these two studies did not inclu@al libitum food consumption, it remains a topic of
debate whether exercise performed during postpahpériod is as effective in everyday
living. In agreement with previous findings in thgerature, our findings showed that
exercise prior to meal ingestion caused an ovezdliction in postprandial TG responses.
However, contrary to previous reports that founado lipaemic response to exercise in
the postprandial state (Katsanos & Moffatt 2004rdd@an & Aldred 1995; Kleiret al.
1992; Schlierfet al. 1987), the overall attenuation in TG response waserident when
exercise was performed after a meal in this studplying that the timing of exercise
relative to meal ingestion appears to be import&apport for this finding is found in the
work of others who showed that plasma TG was uradtéollowing post-meal exercise
bouts on the same day (Hendersdral. 2010; Zhanget al. 1998; Chinnici & Zaugner
1971).

However, when examining the data for postprandi@ ih separate intervals, we
observed lower postprandial TG in the post-lunderiral in both exercise conditions
compared to control. This data suggests that thereddction effect may be delayed
when exercise was performed after meal ingestiothe exercise session began 2 h later
than when exercise was performed prior to a meat delayed response in postprandial
TG following exercise after meal ingestion may e do a delayed increase in exercise-
induced LPL activity, as LPL has been reportechtméase, not immediately, but ~3 — 4 h
after exercise (Perreawt al. 2004; Kienset al. 1989). This would tie in with the present
observation in the exercise after meal conditianthee reduction in postprandial TG is
only evident after consumingd libitum lunch, and not earlier. However this is only
speculative. Reductions in postprandial TG havenlmmeumented without a concomitant
increase in muscle LPL activity (Miyashita & Tokumya 2008; Gillet al. 2003; Herdet

al. 2001), thereby suggesting that the reduction in M@y be accounted for by

mechanisms other than increased LPL. It could bésthat exercise after a meal acutely
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decreased the rate of VLDL-TG secretion into threutation (Magkoset al. 2006) or
increased clearance rate of chylomicron/VLDL-TGI(@t al. 2001). Despite the delayed
response in the attenuation of plasma TG when esewas performed after consumption
of a meal, the beneficial effects of exercise irelomating postprandial TG can still be
achieved and maintained beyond the observatioroghegs reductions in plasma TG
following exercise has been shown to last for asid2 — 24 hours post exercise (Burton
et al.2008; Silvestret al. 2007; Gill & Hardman 2000).

A single session of exercise can enhance insuhsitéty for up to 48 h post-exercise
(Carteeet al. 1989; Kinget al 1988). Although exercisigypically reduces postprandial
TG, the effect on postprandiakulin however, is less consistent, as some suejeorted
reduction (Burtonet al. 2008; Gill et al. 2007; Hagobian & Braun 2006; #dtaan &
Aldred 1995), while others did not (Harrisehal. 2009; Tsetsonis & Hardman 1996). In
addition, others have reported that changes inppastlial TG andnsulin are not
correlated (Gillet al. 2002). The present study demonstrated lower dvémallin
responses in both exercise conditions comparedmndral, with no effect of exercise
timing. Exercise-induced suppressions of insulirele were particularly evident during
exercise in both exercise conditions, as has beeviqusly noted (Hardman & Aldred
1995; Welle 1984), and this effect was also indepen of timing of meal ingestion.
When analysing the data in separate intervalsheeéxercise conditions had an effect on
insulin responses poatl libitumlunch as plasma insulin were restored to leveislar to
that of control. Together, these findings sugdest the exercise-induced reduction effect
on insulin is only transitory and that an acute tbotiexercise in the morning, either
before or after a breakfast meal, had no effeqtastprandial insulin responses to a meal
ingested 2-4 hours later. It is conceivable thatdbnsumption of lunch had diminished
the insulin-reducing effect of exercise. This olaéon confirms recent findings
(Harrisonet al. 2009; Holtzet al. 2008), that providing replacement energy after@se,
especially in the form of carbohydrate, will thenef reverse the attenuation effect of
exercise on postprandial insulin concentrations.is Tfinding also confirms the

dissociation between insulin and triglyceride resas, as reported in Chapter 3.
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55 Summary

It is well-recognised that exercise is a key congmrof a healthy lifestyle, and abundant
evidence clearly dictates that significant metabbkalth improvements occur even after
a single exercise session. Our findings demonstrditat exercise performed prior to a
breakfast meal is no more beneficial than exemitr a meal in reducing fat balance and
promoting greater overall fat oxidation at the esfdthe day, despite consumiray
libitum. Secondly, an acute bout of moderate intensityrotse did not lead to a
subsequent increase in appetite.(hunger, prospective food consumption, and desire t
eat) and energy intake. Additionally, we demonsttahat postprandial TG responses to
ad libitum lunch were lower with exercise, irrespective ofemise timing. From a
practical standpoint, it shows that timing of exeecrelative to meal ingestion is not a
major factor influencing the beneficial effectsefercise observed in the present study.
Furthermore, it is also the case that exercise aite meal is equivalent to exercise
before another meal, when this is extended inteal-world’ setting where exercise and

food ingestion are often interspersed with eaclkeroth
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CHAPTER 6

An Assessment of the Effects of a Single Bout of
Exercise on Appetite-Related Measures Using a
Computer-Based Approach:

a Pilot Study

6.1 Introduction

Individuals who undertake high levels of physicelivaty maintain their energy balance
and achieve a stable body weight more effectiienttheir sedentary peers (Warehatm
al. 2005; Jefferyet al. 2003) and long-term maintenance of weight losthanformerly
obese is facilitated by high physical activity (8eller 1998).In support of this, studies
measuring food intake have fairly consistently shothat energy intake remains
unchanged immediately following an exercise sesgitopkinset al. 2010). However,
over more prolonged periods of time, evidence ssiggéhat some degree of dietary
compensation for the exercise-induced energy expgadmay occur, which perhaps
explain why some overweight/obese individuals irrtipalar, are resistant to the
theoretical weight loss benefits of exercise (Ketgal. 2008; Franz et al. 2007). Thus,
there appears to be a discrepancy between the ambitiong term effects of exercise on
energy intake. This may be a true effect, but mp reflect difficulties in obtaining
accurate functional measures of appetite and ‘Ugoad intake in response to acute
exercise in a laboratory setting as the settimgpiscompletely natural and this may lead
to under or overconsumption relative to ‘usual’dieg behaviour (Blundekt al. 2010).
This is because the initiation and maintenanceeetlihg behavior is co-determined by
metabolic and non-metabolic factors. Among theefatenvironmental cues, as well as
reward, cognitive, and emotional factors, play eapartant role, particularly in human
food intake in the modern world (Berthoud 2006).

In appetite research, the optimal experimentalgua@tto determine short-term energy
intake still remain elusive because of the commexi multifaceted nature of eating
behaviour (Blundelket al. 2010). The standard laboratory practice of offgritifferent

foods in a buffet meal scenario will not necesgagilarantee a sensitive experimental

protocol as food consumption are likely to be iaflaed by a range of external factors
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such as amount/volume of food presented (Ratllal. 2006), food variety (Nortoet al.
2006), and palatability (Yeomass al. 2001), all of which can override internal appetite
cues and delay satiation, as well as promote isekdood intake (Hetheringtaet al.
2006). These issues make it difficult to determirtnether exercise acutely influences the
regulation of appetite. Thus, measuring food intpke seusing the commonly used
method (.e. ad libitum buffet meals) may not be the best way of detectingnges in
eating behavior and appetite as it may not be semsnough to detect more subtle
alterations in the non-metabolic processes thatinfuence energy intake. How much
and what we eat might be influenced by a briefqueof cognitive activity during which
we select a particular food and portion-size skidréifore the onset of a meal (Brunstrom
et al. 2007), therefore it is possible that exercise rafigct how much people perceive
they should eat and some aspects of food prefer@niiking. Differences in the impact
of exercise on these perceptual factors may exame inter-individual variability in
compensatory eating after exercise. If exerciseirtduence the decisions associated with
meal planning, it could then help understandingifond how exercise influences

subsequent energy intake.

Therefore the objective of the present pilot stiglyo determine the effects of acute,
moderate-intensity exercise on non-metabolic messaf food intakeife. ideal portion
size, liking, food utility) that may potentially fett decisions associated with energy
intake, using a novel, computer-based proceduresa@n array of food items. This may
provide a more sensitive tool to detect, perhaply faubtle changes in appetite variables
compared to buffet meals, as it can provide agdgeeqgeasures of ‘ideal portion sizes’ (in
kcal units) for a number of different foods at g@mne time (analogous to performing a
number of buffet meal trials) and enables us tdarptemporal changes of such effects,
a measurement that a test meal will not be abldotoln addition, further information
about other appetite-related measures can be eldtam concert, providing further
information about how exercise can influence enenggke over time. This pilot study
aims to answer several research questions: (1) Preise influence how individuals
perceive their ideal food portion size, food likingd food utility? (2) If exercise does
influence the above measures, do these resporféesatiross sex, lean/overweight, and
dietary restraint? In addition, measurements oindibition, loss aversion, as well as
adult attachment anxiety will be obtained from @lbjects, to determine whether these

behavioural factors may also explain some of thi@mae in the effects of exercise.
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6.2 Methods

6.2.1 Participants

Twenty-seven (men = 14, women = 13) healthy paicis were recruited from the staff
and student population of University of Glasgoweiftage, body mass, and BMI were
(mean + SD) 31.2 + 8.9 years, 72.7 + 14.2 kg, ah6 2 3.6 kg-rit. Participants had no
known history of CVD or diabetes, were non-vegetasi and were not consuming any
type of specialised diet or taking a medicationutift to interfere with appetite. The
present study was conducted according to the dgoefelstated in the Declaration of
Helsinki and all procedures involving human sulgeeere approved by the Faculty of
Biomedical and Life Sciences Ethics Committee atltmiversity of Glasgow, UK. Each

participant gave written informed consent priop#sticipation.

6.2.2 Questionnaires

Dietary restraint and disinhibition were measureyg the Three Factor Eating
Questionnaire (TFEQ) (Stunkard & Messink 198BApgendix B) with mean scores of
8.1 £ 5.5 and 5.7 + 2.9 respectively. Restraingdresavere classified by a score of above
10 (Stubbset al. 2002b). Attachment anxiety style was evaluatetigigxperiences in
Close Relationships questionnaire (ECRpgendix E) with a mean score of 3.1 £ 0.7. A

high score is taken as evidence of an insecurehatttant orientation (Brennan 1998).

6.2.3 Experimental design

Each participant completed 2 experimental trialsaonter-balanced conditions separated
by approximately one week: exercise (EX), cont©@ON). An overview of the study
protocol is shown irFigure 6.1 Participants were asked to refrain from alcohud a

planned exercise on the day before each trial.

o LIF RN
con NIENEEN.

0 60 120 180 min

Figure 6.1 Experimental design Subjects completed two trials: exercise (EX), aodtrol
(CON). Computer taskg Y were completed at 0, 60, 120 and 180 min.
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a) Exercise trial (EX)

Participants arrived at the metabolic suite at @@0after a 12-hour overnight fast. They
were asked to complete a set of computer taskerided below) before performing the
exercise session (0 min). The exercise bout begaf.d80 am, which involved a 60-min
treadmill walk at a speed of 5.5 krit-Bnd 4.5% gradient for all participants (intensiy
METS). Expired air samples were collected at 15-mtervals during the walk, for the
determination of oxygen uptake and carbon dioxidedpction. Heart rate and rate of
perceived exertion were recorded every 15 min dgutive walk. Participants completed
their responses on the computer immediately, 60, 48d 180 min after the completion
of the exercise. They were free to sit, read, usmraputer, relax, or work at a desk
between the measurements. Participants are alléawvednsume only watead-libitum
throughout the measurement period. The trial end#dr the last computer task

measurement was taken.

b) Control trial (CON)

This trial was identical to the exercise trial, egtthat participants remained rested for
from 9.30 — 10.30 am, the period during which cgpmnded to the exercise session in
EX trial.

6.2.4 Computer task procedure

A set of computer tasks designed to provide stisitituexplore the several behavioural
responses towards certain foods was used in thiy sThe software was developed by
Dr. J.M. Brunstrom and his colleagues from the @ity of Bristol, as described in
Brunstrom & Rogers (2009). The procedure is coneplriaf 5 tasks designed to assess: 1)
appetite sensations, 2) mood, 3) food utility, ddd liking, and 5) ideal portion sizes.
Measures of ideal portion size, utility, and likimyolved showing subjects pictures of 16
different test foods that are commonly consumedhm UK (fish fingers, pasta and
tomato sauce, raw banana, pizza, crackers, chiikan masala, Jaffa cakes, oven chips,
Pringles potato crisps, peanut M&Ms, garlic breddKat, potato salad, chicken chow
mein, cheese baguette and cornflakes). The congogif macronutrient for each test
food is listed inTable 6.1 Responses were recorded for each food item béfieraext
item was shown. Each food was photographed usimglaresolution digital camera on
the same white, 255-mm diameter plate. Constartititig and camera angle were
maintained for each picture. For all food excephfiakes, picture number 1 showed a 20
kcal portion and for the subsequent pictures, thgign is increased by 20-kcai €

picture 2 = 40 kcal, picture 3 = 60 kcal, etc). Boe cornflakes, each portion picture is
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spaced in logarithmic stepise. the absolute difference between the amounts lofiea
shown increases with picture number. In total, eackd was photographed between 40

and 70 times, depending on the total amount of thaticould be positioned on the plate.

Participants were navigated through the procedatredl times by instructions presented

on-screen. The code for the computer task procedrase written in Visual Basic and
presented on a 17" monitor.

Table 6.1 Macronutrient composition of each test food (valgieen per 100 g).

Food Calories (kcal) Carbohydrate () Fat (9) Protein (g)
Fish fingers 185.2 15.7 7.4 13.0
Pasta and sauce 152.7 214 5.3 5.3
Cornflakes 370.0 84.0 0.8 7.0
Banana 95.0 23.2 0.3 1.2
Pizza 408.2 42.9 18.4 18.4
Crackers 488.0 65.5 20.7 6.9
Tikka masala 168.1 18.5 6.7 9.2
Jaffa cakes 384.0 73.3 8.1 4.4
Oven chips 180.0 31.4 3.2 4.6
Potato crisps 558.0 50.0 37.5 4.6
M&M® 515.0 60.6 26.2 9.6
Garlic bread 370.0 35.9 20.5 7.7
KitKat® 512.8 61.5 25.6 5.1
Potato salad 141.0 10.4 10.6 11
Chow mein 82.0 7.1 3.4 5.7
Cheese baguette 318.5 28.0 16.2 15.6
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1) Appetite sensations
Subjective appetite sensations for ‘hunger’ andiriéess’ were recorded using the 100
mm visual analogue scales (VAS), anchored on eawuh with “not at all” and

“extremely”.

2) Food utility

Participants were shown a standard-sized portiO0 gal) of each test food and were
instructed to Imagine you are having this food RIGHT NOW. Whahémaximum you
would pay for this foo®l’ (Figure 6.2). Using a computer mouse, participants selected
their price on a vertical scale that was displatgethe left of the food image. By moving
the scale up increased the value, and moving thie sliown decreased the value. Values
can be selected in increments of one penny. Allfeexis were presented in random order

each time.

Imagine you are going to have this food right now. What is the MAXIMUM you would pay for this food?

Pasta & tomato sauce

Figure 6.2.Screenshot of food utility task

3) Liking
Participants were shown a standard-sized porticgach test food and were instructed to

rate their liking for each test food using a 100-misual analogue rating scale with end
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anchor points “not at all” and “extremelyFigure 6.3. All test foods were presented in

random order each time.

How much would you like the taste of this food RIGHT NOW?

N e ——— = GV A T E

Ritz crackers

Figure 6.3.Screenshot of food liking task

4) ldeal Portion Size

A randomly-selected portion size of each test fomas displayed on the screen.
Participants were instructed to “Imagine you areirm this food for lunch RIGHT
NOW. Select your IDEAL portion size’Fgure 6.4). Pressing the left arrow-key on the
keyboard caused the portion size to decrease anddit arrow-key to increase portion
size. The pictures were loaded with sufficient sp#d®at gave the appearance that the
change in portion size was ‘animated’. Once pardéints selected their ideal portion size,
hitting the ‘continue’ button will take them to afdrent test food. All test foods were

presented in random order each time.
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Imagine you are having this food right now. How much would you need to eat to
stop feeling hungry? (Press left arrow for LESS and the right arrow for MORE)

Pizza (margherita)

Figure 6.4.Screenshot of ideal portion size task

5) Mood states

Subjective mood states were recorded using a 204it®od scales to measure positive
affect f@ttentive, interested, alert, excited, enthusiastitspired, proud, determined,
strong and activeand negative affectslictressed, upset, hostile, irritable, scared, afra
ashamed, guilty, nervous, and jittgr{Participants were asked to rate the extent tictwh
they were experiencing each particular emotion wetlerence to a 5-point scale: ‘very
slightly or not at all’, ‘a little’, ‘moderately’;quite a bit' and ‘very much’. The mood
scales were based on the Positive and NegativetAHehedule (PANAS) (Watsaet al.
1988).

6) Loss aversion cash task

At the end of participation, each participant wageal to accept or reject a series of
outcomes of winning or losing a variable amountrainey using the classic coin toss
procedure. These were presented on a computemsasetihe prospective outcomes of a

coin flip (Figure 6.5. Participants indicated their willingness to tatkee gamble by
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pressing YES or NO. A total of 49 trials were prded. The gamble had potential gains
ranging from +£0 to +£50, and potential losses irapgom —£0 to —£50.

WIN + £40

Figure 6.5.Screenshot of loss aversion cash task

6.2.5 Statistical analysis

Statistical analyses were performed using Stadisfiersion 6.0, StatSoft Inc., Tulsa,
USA) and SPSS (version 10.0, SPSS Inc., Chicagd, TH& main analyses for this study
are focused on the differences in the appetitdaelmeasures across experimental trials
(exercisevs. control); subjective hunger and fullness, ideatipa size, food liking, and
food utility. For liking, food utility, and ideal gotion size measures, participants’
responses for each test food were compiled andsa mesponse was calculated. The total
areas under the 180-min variable vs. time curve@AWere used as summary measures
of hunger, fullness, and food liking. Summary measuor ideal portion size and food
utility were reported as the sum of the values adhetime point. Paired-samples t tests
were used to compare summary measures betwees {fiab-way repeated measures
ANOVAS (trial x time) were used to compare changesr time and across the two trials.
Post hocTukey tests were used to identify where differsniag. Pearson correlations
were used to assess the relationship between lemiaData are presented as means

SEM, unless otherwise stated. Statistical signifeeawas accepted p& 0.05.
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6.3 Results

6.3.1 Responses during the treadmill walk

The treadmill speed and gradient in the exercis® (EX) were identical for all

participants. The exercise session was completindut difficulty, participants rated the
exercise as ‘light’ (10.& 1.8) on the Borg scale of 6-20. Mean gross exerergergy

expenditure was 444 80 kcal. Mean oxygen uptakes and heart rates theecourse of

the exercise sessions were 24 3.4 ml-kg"-min® and 124+ 16 beats-min

6.3.2 Summary responses for appetite-related measur

The summary for appetite-related measures is predeim Table 6.2 Participants
experienced 17.4% less hunger in the EX trial coegbato control f = 0.004).
Participants also chose to eat significantly smablertions (by -7.7%) in the EX trial
compared to controlp(= 0.003). Correspondingly, exercise also resultediower
macronutrient portion size for carbohydrape=(0.003), fat p = 0.004) and proteinp(=
0.004). There were no differences observed in Alkdd and fullness, and total food

utility between trials.

Table 6.2 Time-averaged area under curve (TAUC) for appatansations and liking; total food
utility and ideal portion size over 3-h observatmariod ( = 27). Values are meaa S.E.M.

Appetite-related measures CON EX p value
TAUC hunger (mm) 56 +4 46 £ 4 0.004
TAUC fullness (mm) 25+ 3 303 0.065
Total food utility (£) 6.54 +0.33 6.45+0.30 0&2
TAUC food liking (mm) 46+ 3 44 +3 0.153
Total ideal portion size (kcal) 1620 £ 111 1495061 0.003

- carbohydrate (kcal) 764 £ 52 705 £ 49 0.003

- fat (kcal) 630 + 44 581 + 42 0.004

- protein (kcal) 189 + 13 176 + 12 0.004
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6.3.3 Appetite sensations: hunger & fullness

Figure 6.6a and6.6b summarise the appetite responses over the 18Gzhbsarvation
period in both CON and EX trials. Hunger increasgdr time in both trialsp(< 0.001).
Post hocanalysis revealed that hunger was significantlyelo(-31%) immediately post
exercise (60 min) compared to the same time poittie control trial g = 0.001) Eigure
6.69. Fullness did not change between trials but cedngver time § = 0.001) with
progressively lower fullness ratings compared teeline in both trialsKigure 6.6b). No

interaction effect was found for hunger and fulkes
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Figure 6.6.Subjective (a) hunger and (b) fullness in cont@&DN, o) and exercise (EXe) trials

(n = 27). The 1-h exercise bout is represented blaeklrectanglegg).Values are expressed as
means, with standard errors represented by veliaal (**) significantly different between trials
(p<0.001).

Chapter 6 | 165



6.3.4 Food utility

Figure 6.7asummarises the food utility responses over theriBOobservation period in
both CON and EX trials. Exercise did not affect hawich participants were willing to
pay for food but a main effect of timp € 0.001) indicated that the values for food utility

increased over time in both trials.

6.3.5 Food liking

Figure 6.7b summarises the liking responses over the 180-imservation period in both

CON and EX trials. Participants did not experieacehange in liking between trials but
there was a significant increase in liking scoresrotime p < 0.001) compared to

baseline in both CON and EX trials.

6.3.6 Ideal portion size

Figure 6.7c summarises the ideal portion size responses dved80-min observation
period in both CON and EX trials. Two-factor ANOMWZAvealed significant main effects
of trial (p < 0.001) and timep( < 0.001) with significantly lower portions (-14.1%)
observed immediately post exercise (60 mim)<(0.001) compared to corresponding
control. To explore this effect further, the effeftexercise on each food was analysed
separately. Overall, participants reported sigaifity lower portion sizes for pastp £
0.004), crackersp(= 0.014), garlic breadp(= 0.041), KitKat p = 0.016), and cheese
baguette § = 0.014) in the exercise trial relative to contrdhere were no significant

differences between trials in the ideal portioresar other test foods.
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6.3.7 Mood responses: positive & negative affects

Figure 6.8 summarises the positive and negative affect regsorsspectively over the

180-min observation period in both CON and EX s&idPositive affects did not change

between trials but decreased significantfy { 0.001) over time and there was a

significant trial x time interactionp(= 0.049). Similarly, negative affects were not

different between trials but decreased signifigardler time p < 0.001) with the

interaction effect approaching significan@e=(0.055).

(a) -
2.0
(%]
g
8 181
(%]
©
£
= 161
(8]
=
k=~
(2] o
2 14
a
1.2
1.0
2.2
2.01
[%)]
(&)
IS}
O 1.81
(%]
°
o
< 164
(]
=
g
D 141
P
1.2
1.0

O CON
® EX
*%
Pma| =0.094
Plime < 0.001
_ Pinteraction: 0.049
0 30 60 90 120 150 180
Time (min)
[
Puial =0.332
Pine < 0.001
_ Pinteraction= 0.055
0 30 60 90 120 150 180
Time (min)

Figure 6.8 (a) Positive affect, and (b) negative affect (COINand exercise (EXe) trials (1 =
27). The 1-h exercise bout is represented by &kbleatangle gg).Values are expressed as means,
with standard errors represented by vertical b@rs.significantly different between trialsp(<

0.001).
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6.3.8 Correlations between appetite-related measure

The associations between summary of ideal portiaassand hunger, fullness, food
utility, and food liking in each experimental cotidin are illustrated ifrigure 6.9 Larger
ideal portion size was strongly correlated withagee hunger and food liking in control
and exercise trial respectively. No correlationsexfeund between ideal portion size with

fullness and food utility in both trials.

Chapter 6 | 169



1001 801
(a) 90 1 [ L] 704
E 801 E 60+
£ 704 E
@« 0 504
2 50 =4
= 50 ® 407
5 40 D 304
% Ug{’ 30
5 307 ° 2 201
T 204 .
104 e r=0.453,p=0.018 10 r=0.637,p<0.001
L]
0+—2 T T T r r . 0 v r r v v .
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Ideal portion size (kcal) Ideal portion size (kcal)
7019 8019
(0) ) 0
~ 601 — 1 °
® ° €
£ 504 E 01
b r=-0.250,p=0.208 - ° r=-0125,p=0.534
o o 504
£ 401 . ° £ ° ° °
© . . © 404 ° . °®
v 301 ° o ® )] o ©°
8 [ ] [ ] [ ] g 304 - .
S 207 S 201 - °
L : o ° L ° . N
101 o ® . 104 ® . o
L] L] °
0 T T T T T 1 0 T T T T T 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Ideal portion size (kcal) Ideal portion size (kcal)
12.004 12.001
(©)
10.004 4
° . 10.00 .
—~ ] —_ L]
4 ° « i
> 8.004 o ° > 8.004 . °
g - ° [ ) ‘_i‘ - L] ® (]
E E ..
}'g 6.004 . "é 6.001 ° " %
L]
L .
o ° °. L ° Y ]
° °
4.00 e ® 4.004 °
® r=0.246,p=0.217 r=0.209,p=0.296
2.00 T T T T T 1 2.00 T T T T T 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Ideal portion size (kcal) Ideal portion size (kcal)
801 90 A
(d) K
704 801
L]
g 60 4 ’é\ 704
= 0 E 601
4 0
5 2 501
8 401 8
g 30 @ 40
b (=2}
g £ 301
T 201 =
— 20
101 r=0.721,p<0.001 104 r=0.749,p<0.001
0 +—2—r T T T T | 042
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Ideal portion size (kcal) Ideal portion size (kcal)

Figure 6.9 Relationship between ideal portion size and (ajger, (b) fullness, (c) food utility,
and (d) food liking in CON (right panel) and EXf{lpanel) trials separately. Each panel includes
associated andp values.

Chapter 6 | 170



6.3.9 Correlates of the exercise-induced changedeal portion size

Changes in total ideal portion size between cordrad exercise trials were related to
change in AUC liking scores € 0.600,p = 0.001), as illustrated iRigure 6.1Q The
correlations were also significant at 0 min=(0.383,p < 0.05), 60 min(= 0.482,p <
0.05), and 120 mirr (= 0.413,p < 0.05). No significant associations were foundueen

change in ideal portion size and change in hurigingess, and food utility.
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Figure 6.10: Relationship between change in total ideal pors@e and change in TAUC food
liking (change = exercise trial — control trial).
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6.3.10 Effects of sex, BMI, and dietary restraint

The summary of appetite-related measures across BN, and dietary restraint
categories in separate trials is presentedable 6.3. The statistical analyses were
repeated using sex (men = 14, women = 13), BMIn(leal5, overweight/obese = 12),
and dietary restraint (non-restrained = 19, reséiéi= 8) as categorical variables. There
was a sex effect for food utility=[1,25) = 12.80p = 0.001] with women willing to pay
more for food compared to men. Women, lean, andrastrained individuals, tended to
feel less hungry in the exercise trial compareddwotrol. In contrast, this effect was not
observed in men, overweight/obese, and restraindi@iduals. Despite this, there were
no significant main effect of sex, BMI, and dieta®gstraint or by trial interaction on

appetite sensation, food liking, food utility, aidéal portion size.
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Table 6.3 Time-averaged area under curve (TAUC) for appeiinsations and liking; total food
utility and ideal portion size over 3-h observatiperiod across sex, BMI, and dietary restraint
categories. Values are expressed as medhE.M.

TAUC TAUC Food utility TAUC Ideal
hunger fullness (E) liking portion size
(mm) (mm) (mm) (kcal)
CON trial
Sex:
Male 6=14) 48 +7 285 5.55+0.39 46 £5 1747 £172
Femalerf=13) 65+5 334 7.61 +£0.38* 47 2 1483 + 136
BMI:
Lean (=15) 585 24+ 4 6.98 £ 0.47 49+3 1538 + 129
Overweighttf=12) 538 27 x4 5.99 £0.45 44 +5 1722 £194
Dietary restraint:
Non-restraintr=19) 59+5 24 +3 6.42 +0.40 47 +3 1659 + 121
Restraintr{=8) 49+9 29+5 6.82 £ 0.66 45+ 7 1528 + 253
EX trial
Sex:
Male 6=14) 42 +6 223 5.67£0.31 44 +5 1634 + 160
Femaler{=13) 51+5% 264 7.29 £0.42 44 +3 1345 £ 127
BMI:
Lean (=15) 45+ 5 29+4 6.59 + 0.47 46 +3 1405 + 117
Overweighttf=12) 48 =7 31+4 6.27 £0.35 435 1607 + 187
Dietary restraint:
Non-restraintr=19) 47 +5° 29+3 6.30 £ 0.37 44 + 2 1525 + 141
Restraintr{=8) 45+ 8 32+6 6.81+0.51 45+8 1423 + 250

#significantly different from control(< 0.05), * significantly different from memp& 0.05)
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6.3.11 Correlations between appetite-related measuacross categories

Table 6.4 summarises the relationship between ideal porsiae and appetite-related
measures across sex, BMI, and dietary restrairdgoaies in separate trials. In both
exercise and control trials, ideal portion size wasitively correlated with hunger in men
and women, and overweight/obese individuals, butindean, and restrained eaters.
Hunger correlated with ideal portion size in nostrained individuals in the exercise trial
but not in control. Increased in liking is stronglgsociated in increased ideal portion size
across all categories in both trials. There is@lationship between change in total ideal

portion size across BMI range and dietary restrsgotes as illustrated Figure 6.11

Table 6.4 Correlation coefficients between appetite-relateelasures andleal portion size
across gender, BMI, and dietary restraint categorie

Correlation Sex BMI Dietary Restraint
coefficient Male Female Lean ow NR Restraint
(n=14) (n =13) (n =15) (n=12) (n=19) (n=18)

CON trial
AUC hunger 0.617* 0.580* 0.016 0.779* 0.422 0.476
AUC fullness -0.439 -0.025 -0.35 -0.516 0.045 792*
Food utility 0.166 0.101 0.130 0.522 0.179 0.406

AUC liking 0.852** 0.554* 0.654* 0.857**  0.644*  0.817*

EX trial
AUC hunger 0.609* 0.658* 0.466 0.579* 0.657** BB
AUC fullness -0.468 0.298 -0.042 -0.270 0.105 390Q.
Food utility 0.495 0.389 0.233 0.285 0.193 0.305

AUC liking 0.843** 0.635* 0.718** 0.848**  0.604**  0.902*

(*) significant atp < 0.05; (**) p < 0.01; AUC, area under curve; OW, overweight; NR, norragst
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Figure 6.11 Relationship between change in total ideal porSize and (a) BMI range, and (b)
dietary restraint scores (as indicated by restraeasures in Three Factor Eating Questionnaire).
Each panel includes associateahdp values. (change = exercise trial — control trial)
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6.3.12 Correlations between appetite-related measwand other variables

Table 6.5 summarises the relationship between appetiteetlameasures and other
behavioural variables.€. disinhibition, attachment anxiety, and loss averkin separate
experimental trials. Higher disinhibition was asated with increase in food liking in the
exercise trial, but not in control. Interestingipcreases in loss aversion scores were
significantly correlated with increases in foodirigg (r = 0.683,p < 0.001) and ideal
portion size = 0.514,p < 0.05) in both trials. None of the appetite-refiataeasures
relate with attachment anxiety scores. There waelationship between change in ideal
portion size across disinhibition, attachment atyxaénd loss aversion scores as illustrated

in Figure 6.12

Table 6.5 Correlation coefficients between appetite-relateatasures and disinhibition,
attachment anxiety and loss aversion scores irr@antd exercise trials separately

Correlation coefficients Disinhibition Attachment Loss aversion
anxiety
CON trial
AUC hunger (mm) -0.063 -0.144 0.337
AUC fullness (mm) -0.017 -0.039 -0.242
Total food utility (£) -0.108 0.030 0.184
AUC food liking (mm) 0.268 0.136 0.683*
Total ideal portion size (kcal) 0.306 0.104 0.514**
EX trial
AUC hunger (mm) 0.101 -0.161 0.422*
AUC fullness (mm) -0.133 0.056 -0.260
Total food utility (£) -0.029 -0.162 -0.032
AUC food liking (mm) 0.424* 0.178 0.546**
Total ideal portion size (kcal) 0.338 0.140 aB4

(*) significant atp < 0.05; (**) p< 0.01; AUC, area under curve; CON, control; EX, exercise

Chapter 6 | 176



(@)

° o o o °
4 ° e o o ° °

° o r =0.038
p=0.852

0 T T T T T T T T T ]

600 -500 -400 -300 -200 -100 O 100 200 300 400
Change in total ideal portion size (kcal)

Disinhibition scores
[ ]
[ ]

5.09
®) ,
4.0

3.54

3.0

Attachment anxiety scores

251 o r=0.082°
p=0.685

2.0 T T T T T T
-600 -500 -400 -300 -200 -100 0 100 200 300 400

Change in total ideal portion size (kcal)

30.01
25.04
(c) 20.04
1504 e i
10.0- ° o0 ¢ °
° o L
o [ ]

5.0

0.0

Loss aversion scores
o

-5.04
1004 r =-0.154
p = 0.444

-20.0 T T T T T T T T T J
-600 -500 -400 -300 -200 -100 0 100 200 300 400

Change in total ideal portion size (kcal)

-15.04 L

Figure 6.12 Relationship between change in total ideal porSze and (a) disinhibition scores
(as indicated by disinhibition measures in ThreetéfaEating Questionnaire), (b) attachment
anxiety scores and (c) loss aversion scores. Eabl includes associate@ndp values. (change

= exercise trial — control trial)

Chapter 6 | 177



6.4 Discussion

The aim of the present study was to assess theofadgercise in influencing appetite-
related outcomes measured using a novel, compataebprocedure. Three hypotheses
were proposed: (1) acute exercise influences humager fullness, prospective ideal
portion size of food, food liking, and how much yheant to spend on food; (2) these
responses vary across gender, BMI, and dietaryaiast(3) behavioural factors such as
disinhibition, attachment anxiety, and loss aversinay correlate with the responses
above. The primary finding of the investigation wést a single bout of moderate
intensity exercise attenuated hunger and theretbytddower prospective ideal portion
size compared to control. The observed exerciseeed suppression in hunger and
perceived food intake are of importance in the pectve of exercise and appetite
regulation, and these findings confirm exercisaiges an anorexigenic effect in the short

term, contrary to the widespread belief that exersitimulates hunger.

The most prominent decrease in hunger was obsaited the cessation of exercise,
which is consistent with many studies that repostagpression of hunger following acute
exercise (Uniclet al. 2010; Kinget al.2010a, Kinget al. 2010b; Westerterp-Plantenga

al. 1997; Kinget al. 1994; Thompsomrt al. 1988). Although this suppression effect was
short-lived, feelings of hunger for subsequent Bauere persistently lower than control.
Attenuation in hunger was also accompanied by lopvespective ideal portion size in
the exercise trial relative to control. In contrésthunger, the decrease in ideal portion
size was not observed after exercise compared deliba. This however, was due to
participants choosing slightly but not significgnsimaller portion sizes at the start of the
exercise trial, in addition to feeling less hunggmpared to control. These responses
could conceivably be explained by the anticipatidrexercise which may have caused
hunger to be diminished and hence reduced prospestiergy intake, due to an increased
sympathetic nervous system activity before the cemoement of an exercise activity
(Frayn 2003). With regards to macronutrient prafees prospective portion size of
carbohydrates, fat and protein were reduced simedtasly, indicating that exercise-

induced macronutrient preference was not evidetttignstudy.

Using the computer-based approach, we were abéxptore additional non-metabolic

factors, namely food utility (indicated by the ambof money they would be willing to
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spend on food) and food liking in response to azerdxercise is also known to activate
the dopaminergic neurons in the mesolimbic strestaf the brain that is associated with
the reward pathway (Chaouloff 1989), therefore sit possible that exercise has a
sensitising effect that enhances reward sensittaitfood. Currently, available research
on exercise and the components of reward has heeted to liking, wanting, and
palatability of food (Finlaysoet al. 2011; Finlaysoret al. 2009; Schneideet al. 2009)
and there are no data examining the effect of éseean the monetary value of food. Our
initial findings showed that how much people wer#ling to pay for food was not
affected by exercise. There also seemed to beitivgoassociation between food utility
and ideal portion size, this relationship was hasveron-significant. Liking is also
associated with the food reward component and &se liking may promote an increase
in food intake (Finlaysomt al. 2007). Recently, an enhanced liking for food aéteute
exercise has been observed in the ‘compensatarspgf.e. who lost less weight than
expected) after a 12-week of exercise program élygdnet al. 2011), which may help to
explain why some people lose less weight than @gpeduring an exercise intervention.
The present study demonstrates that exercise didltey liking scores, suggesting that
liking may not be easily affected by acute exerc&gpport for this finding was found in
the recent study of Finlaysast al. (2009), who utilised a computer-based approach in
assessing explicit liking and implicit wanting isponse to an acute bout of exercise, and
found no change in liking, although the ‘compenssitgroup increased their energy
intake post-exercise. Instead, they proposed tha&n&anced ‘implicit wanting’ for food

after exercise is associated with the compensé&eing behaviour.

Do these responses vary across groups? Rehwdtged that appetite, food liking, and
prospective ideal portion size responses to exervisre not affected by sex, BMI
categories or dietary restraint. Women, howeveacgd more value on food compared to
men, independent of exercise. This finding sugg#ss women (limited to this study
sample) may have a predisposition to perceive tmodomewhat more rewarding than in
men, and may perhaps relate to why women genaggllyrted less weight loss compared
to men following exercise interventions (DonnellySEnith 2005; Donnellet al. 2003).

In addition, there appears to be a trend for disiied hunger in women, lean, and non-
restraint individuals with exercise. The lower hengesponse observed in women was
somewhat in contrast with previously published &sidh women that reported no change
in appetite or subjective feelings of hunger arlth&ss in response to exercise (Unatk
al. 2010; Hagobiaret al. 2009; Whybrowet al. 2008; Lluchet al. 2000). One of the

likely explanations for this finding can be duethe fact that only 2 out of the 13 women
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were classified as overweight, and there is evidetmat lean individuals have been
shown to regulate their appetite with exercisedodtian those with higher BMI (George
& Morganstein 2003; Kissilefét al. 1990). The lack of decrease in hunger observed in
the overweight individuals suggest that they mayldss sensitive to the anorexigenic
effects of exercise, which could possibly pose afaworable implications for weight
control. In contrast to non-restrained eatersyaesd eaters have been shown to display
no changes in the physiological feelings of hungin exercise (Harris & George 2008;
Lluch et al. 2000) and therefore, exercise has been shown tffeetive in creating a

negative energy balance in this particular grouprtMset al. 2008a).

Finally, one novel finding of the pilot investigati was the evidence that loss aversion
scores correlated highly with prospective ideatiparsize and food liking. Loss aversion
describes the widespread behavioral avoidance aites that can lead to losses, even
when accompanied by equal or much larger gains t{iMaet al. 2010) and has been
shown to influence decision making in a wide variet domains, including investments,
politics, and health (Kermeet al. 2006). The association between loss aversion and
prospective portion size and food liking can betikd to that of avoidance of financial
losses, in which loss aversive individuals are eatinotivated to seek for food and eat
than experiencing hunger or energy deficit. Thecpsses that involve in the decision-
making of monetary gain and losses occur in theardvprocessing center of the brain
(Camaraet al. 2008), therefore it may be possible that the camepts of food reward

involved in appetite regulation can be influencgdtbs trait.

The findings of this study should be considerethi context of certain limitations. The
restricted sample size limited the opportunity tontcol for numerous background
variables. A larger sample will provide more powedetect differences between various
groups/categories and to evaluate interactionsicie@nts were only monitored for only
2 h post-exercise, thus limiting the understandhdiow exercise may influence these
parameters beyond this period of time. With the jgotar-based approach, we are unable
to claim with certainty that planned ideal portsime will actually influence actual food
intake. However, there is good reason to beliewa these two measures correspond
closely, as serving size, whether determined byirtlvidual or not, has been shown as
an excellent predictor of the amount of food consdriWasinket al. 2005, Rollset al.
2002). Another issue is the usage of visual stinmussessing the hedonic evaluation of
food, as non-attractive images can influence paeitas’ responses therefore masking a

true response. Nevertheless, this pilot investgatemonstrates that the application of
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this computer-based assessment in evaluating tlecieg-induced appetite-related
measures is particularly convenient in assessimgrakresponses simultaneously and is a

useful adjunct to measures of actual food and griatgke.

6.5 Summary

In consistence with previous reports demonstratéxgrcise-induced anorexia, the
primary finding of this study was that an acute tba@i exercise induced hunger
suppression and prospective food intake. The outsoai this pilot investigation also
highlight the role of behavioural aspects that nr#iuence food intake in relation to
exercise and body weight control. In particulag #ex differences in food utility value
has implications in the understanding of food relvaerceptions between men and
women. Also, further research is needed to exgloeeloss aversion trait in influencing

feeding behavior in response to exercise or engefjgit.
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CHAPTER 7

General Discussion

Free-living humans consume food throughth& day i(e. ~ 3 meals and snacks in
between)thus, most humans find themselves in the postpaastite fothe majority of a
24-h period, perhaps with the exceptairthe early morning hours. The food that we eat
and the metabolic responses that ensue influerstes fior vascular and metabolic
diseases, as well as obesity. Exercise reduces tl#s (Gill & Cooper 2008; Nocoet

al. 2008), and this is partly mediated by the effeofsexercise on postprandial
metabolism €.g. lowering postprandial lipaemia and insulinaemiacréasing fat
oxidation). However, to gain better insights intee trole of feeding and exercise on
metabolic and obesity risks, it is important to ersand how these factors interact in a
‘real-life’ setting. Thus, the ‘real-life’ effectf@xercise on metabolism need to take into
account the potential effects of exercise on sulisetgfood intake. This is of particular
interest because eating is almost inevitable &ftercise, therefore, the benefits of acute
exercise on postprandial metabolism may be ovexstahenstudies do not account for

any subsequent increases in food intake.

7.1 Exercise and Postprandial Metabolism

The first experimental study of this thesis (Cha@g showed that a single as well as
three consecutive exercise sessions reduced podipkd G and insulin responses, and
increased postprandial fat oxidation in responsadtdibitumfeeding. The magnitude of
reduction postprandial lipaemia demonstrated irs tsiudy is comparable to other
published reports in the overweight cohorts (Burbral. 2008; Miyashita 2008). These
findings indicate that the ability of aerobic exsecto attenuate postprandial lipaemia
does extend beyond the laboratory and into daié¢y detting, where food intake is not
externally controlled. This study also showed Batays of consecutive exercise did not
lead to greater changes in postprandial metabdiiem a single exercise session. The
next study (Chapter 5) dealt with the issue ofignof exercise relative to meal ingestion.
The findings showed that exercising before or adtéreakfast meal had the same overall
effect on postprandial insulin responses and fatation. However, only exercise before

breakfast significantly attenuated postprandial Gv@r the 9-h observation period of the
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study. To the author's knowledge, there is no mhad evidence on comparing the
effects of timing of exercise relative to meal isgen on postprandial metabolism,
particularly in the context ofad libitum feeding, therefore these findings can be
considered pertinent to real life setting where dfootake and exercise are often

interspersed with each other.

The findings of these two studies also highligle importance of negative energy deficit
in mediating the exercise-induced enhancementtimxalation. Chapter 3 showed that
exercise (single and consecutive sessions) inaleagmwle-body fat oxidation during
following day, whereas this effect was not evidenthe study reported in Chapter 5.
Although it seemed that total fat oxidation wasagee in both exercise trials compared to
control in Chapter 5, this greater amount of fatised was primarily contributed by the
enhanced fat oxidation during the exercise peraod| not brought about by increased
whole-body fat oxidation in the post-exercise peridhus, there seems to be an apparent
paradox on the effects of exercise on fat oxidatodoserved in these two studies.
Melansonet al. (2009b) in his recent review summarised that egerdoes not result in
negative 24-h fat balance when 24-h energy balascmaintained, independent of
training status or obesity. Against this backgrquhdeems reasonable to postulate that
lack of post-exercise elevation in fat oxidatiorsetved in Chapter 5 can be off-set by
carbohydrate consumption and participants being positive energy balance state. On
the contrary, the enhanced whole-body fat oxidatlespite feeding@d libitum observed

in Chapter 3 may be indicative of their negativergy balance state, considering that
they expended a substantial amount of energy duhagexercise sessions (~700-2100
kcal) compared to the 400-kcal session in ChaptBub because 24-h energy balance

was not measured, therefore we can only assuméhibas the case.

7.2 Exercise, Appetite Responses and Feeding Belauwi

The study in Chapter 4 showed that a single exeassion (~700 kcal) did not result in
a significant compensatory response in energy etbdlowever, there was a significant
dietary compensation following 3 consecutive dafygxercise (total ~2100 kcal), with
the increase in energy intake reflecting 24% of énergy expended in exercise. While
food intake does not appear to match elevateddeseenergy expenditure in the short
term (Hopkinset al. 2010), these findings suggests that a partial ensgtion is evident

in the longer term. This study also showed no chaimggut peptide responseise(
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acylated ghrelin and PY3¥%;6) over the course of a day following either 1 or y<af
prior exercise. Findings from Chapter 5 demonstrdlat timing of exercise relative to
breakfast does not influence energy intake in syleset meals over the course of a day.
Exercise also lead to a negative fat balance amdrlcarbohydrate and energy balances
relative to a no-exercise control over the courfsa day, and this was not influenced by

timing of exercise relative to breakfast.

Published findings on exercise and appetite seemsetpointing in the direction that
acute exercise does not stimulate appetite andifdalle, however this does not seem to
fit with mounting evidence recently concerning thenited efficacy of exercise in
inducing weight loss. It appears that not all indiiials who undertake long term exercise
will lose weight under conditions @fd libitumfeeding (Hopkinst al. 2010). Indeed, in
an environment characterised by caloric-dense atatgble foods, dietary compensation
can occur due to behavioural factors rather thandustatic mechanisms linking energy
expenditure and intake, therefore these elemeis teebe explored (Berthoud 2006; Hill
et al. 1995). In the final experimental study (Chapter@)ilot study was designed to
address the effects of exercise on non-metabotitofa related to appetite.€. food
liking, food utility, ideal portion size) using amputer-based assessment. The findings
showed that an acute bout of moderate intensityceseeproduced the ‘anorectic’ effect,
manifested by diminished hunger and lower prospedbod intake (ideal portion size)
compared to no exercise, which is in accordanch wutrent literature. Although not a
primary aim, this study discovered a novel assmriabetween loss aversion and

prospective food intake and food liking.

7.3  Strengths, Limitations and Future Directions

A major distinction of the studies in this thesmrpared to published literature involving
exercise and postprandial metabolism was the imriu®f ad-libitum meals. An
alternative to the typical high-fat test meals ugednany previous studiesd libitum
consumption creates ‘real world’ setting to the exikpents in determining the relevance
of exercise for general population in everydayngiMestek (2010) in his commentary in
the November 2010 issue of the Medicine and Sci@mc8port and Exercise journal,
commended the findings of Chapter 3 of this thédso published in the same November

issue, Faralet al. 2010) as beingthe most compelling results to datedbm a public
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health perspective. As the consideration for esergrescription continue to expand, the
interest for the public, especially among the obpspulation, lies in maximising the
periods of acute fat balance across daily meals exaicise periods. This thesis also
addressed the issue of exercise timing around mgestion and has shown that timing of
exercise does not influence the beneficial effetesxercise, even witad libitumfeeding
throughout the day. The findings of this thesis @&s® in agreement with the large body
of evidence supporting the beneficial role of elsmcon appetite regulation, by
demonstrating that moderate intensity exercise A kcal) does not induce
compensation in energy intake and hunger in ove@hteindividuals, thus providing
clinical relevance to the role of exercise in theevention of obesity and weight

management.

Findings from Chapter 3 showed that repeated eseersessions (~2100 kcal) did not
further augment the attenuation in postprandiadipia and the enhanced fat oxidation
compared to a single exercise bout (~700 kcal)s Tuuld be due to the short-lived
effects of exercise on postprandial metabolisnms the effects observed could be a result
of exercise from the previous day. It is also int@ot to consider the fact that the energy
cost of each exercise session was substantiatig Iar700 kcal per session), therefore it
is uncertain if an energy expenditure thresholdtexfor maximising the TG-lowering
effect of exercise. Perhaps performing smaller sl¢sg. 250 — 350 kcal) of exercise on
consecutive days would elicit an ‘additive’ effedipwever, this warrants further
investigation. One might argue that the energy adsthe exercise session in this
particular study may be too substantial and theeef® not feasible for most sedentary
and overweight/obese individuals. Although the gtadbjects managed to perform the
exercise without any difficulty, it is worthwhile tacknowledge that other investigators
have shown that smaller energy expenditures (~Z00KZal) are just as effective in
reducing postprandial lipaemia in both lean (Miytshkt al. 2008) and obese individuals
(Miyashita 2008).

The observed compensatory response in energy intak€hapter 4 suggests the
possibility of delayed compensatory response imgnimtake to exercise-induced energy
deficit, hence why many acute exercise studies witklatively short follow-up (1-2 d)
reported no change in energy intake (Ketgal. 2010a, Kinget al. 2010b; Unicket al.
2010; Harris & George 2008; Imbeawdt al. 1997). Further longer term studies are
needed to confirm this, such as extending the gbtien period over a number of days to

see if increases in food intake do continue toktraiwergy balance. In order to create a
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more ‘free-living’ condition, subjects can be alledvto maintain their usual daily
activities and report to the laboratory for dailyars, instead of being confined to the
laboratory during the whole observation period. ésssnent of total daily energy
expenditure using the doubly labelled water methvadl allow for the accurate
determination of energy balance, although this oakitan be costly. An important issue
to consider in evaluating the compensatory resgotsexercise is the inter-individual
variability. In comparing energy intake in respots@&xercise interventions, Stubdisal.
(2004) introduced the identification of ‘compensatoand ‘non-compensators’.
Compensators were labeled as those who exhibisdtistically significant increase in
energy intake, whereas non-compensators did no¢ase energy intake. The large inter-
individual variability in body weight and fat masshanges to a 12-wk exercise
intervention as demonstrated by Kireg al. (2008) indicates that general exercise
prescription is no longer a ‘one size fits all'usition (Caudwelkt al. 2009). In future
studies, expressing the data individually or explprthem in subgroups, instead of
reporting the mean group response, will avoid aaking the issue of individual
variability and help identify the physiological abéhavioural mechanisms that mediate

compensatory responses to exercise.

The findings that exercise did not alter gut peptidsponses could be suggesting that
appetite hormones may not be responsive to exeruiseed energy deficits. Hubest

al. (1998) in his study demonstrated that consumingeal of reduced energy resulted in
elevated hunger and energy intake at the next agppity, while the same energy deficit
but expended through exercise, did not produce camypensatory effect. This finding
was later supported by a very recent study by Kingl. (2011b) who demonstrated that
9-h AUC for acylated ghrelin concentrations incexhswhereas PY3s decreased, in
response to energy deficit imposed by food resngtbut not by exercise. Thus, it is
possible that diet-induced energy deficit has agi@ater effect on appetite hormone
responses than exercise-induced energy deficighwimiay explain why long term success
of weight loss is usually poor with dieting (Aronatal. 2009). Furthermore, there are a
number of peptide candidates responsible for mdidiglasatiety and food intake,
therefore measuring only one or two peptides maly ahwvays guarantee a definitive
relationship. On the other hand, measurement of pputides can be subjected to
limitations such as costs, special conditions samgptechnical methods (Delzenatal.
2010), and the highly-unstable nature of some @fpifptides (Hosodzt al. 2004).
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Concerning the issue of exercise timing relativemeal ingestion, the reduction in
postprandial TG response to exercise after breakfas not significant but this 10.7%
reduction is likely to be a real effect not deteatieie to low statistical power (0.35). It is
also noteworthy to consider that the breakfastipiexiin the study was a test meal, with
the energy content tailored to each participantdybmass (average energy content ~430
kcal). It might be that providing smaller or lardeeakfast meals may lead to differences
in postprandial responses and macronutrient badamcehe post-exercise period. Thus

this remains to be elucidated.

Studies on dopaminergic systems and aspects of famitvation in humans underscore
the potential relevance of the “liking” versus “wiaig” differentiation in relation to food
intake and obesity (Mela 2006). Thus, it wouldceetainly useful to include measures of
‘implicit wanting’ in the computer-based assessndcribed in the pilot study, as it has
been recently shown that individuals who do nopoesl to weight-reducing effect of
exercise exhibited enhanced wanting for food aft&rcise interventions (Finlaysehal.
2011; Finlaysoret al. 2009). Additionally, the computer-based approamhict be used to
investigate the effects of exercise-induced and-idduced energy deficits on non-
metabolic factors associated with feeding behayicas well as identifying the
characteristics of those individuals who are mikstly to respond to the weight-reducing
effects of regular exercise, the ‘responders’; #ral individuals who do not, the ‘non-
responders’. This could help to better understheddctors other than physiological ones

that drive compensation in food intake via exercise

Despite the wealth of studies being published enliferature with regards to the effects
of exercise on the regulation of appetite in pattic the mechanisms involved are not
fully understood and conclusions are have yet tatasvn. Methodological differences

such as exercise-induced energy expenditures, isgdartensities, energy state, gender,
BMI, and the time interval between exercise andlmeasumptions are likely to explain

for the inconsistencies in literature findings. #ixch, the findings reported in this thesis
are limited to responses in overweight/obese, atiserhealthy white men, and may not
represent the responses for lean individuals, wometh people of other ethnicity or with

metabolic diseases. Further research in differesigps of people is warranted to provide
greater insight into how exercise might regulatstp@andial metabolism, appetite control

and feeding behaviour.
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6.4 Conclusion

In summary, the findings of this thesis preserdragrevidence that the effects of exercise
on postprandial metabolism when food is consumedibitumis very similar to when
food intake is externally controlled. Furthermotening of exercise relative to meal
ingestion is not of significant importance when tmetabolic effects are concerned.
Finally, there is a loose coupling between modeirstgnsity exercise and energy intake
on an acute levei.é. immediately to 1-2 days post-exercise). Ultimatéhese findings
should encourage the public, especially the oveyinébese population to take part in
exercise without the need to worry about specifitintg of exercise or altering food
intake in order to elicit the beneficial effecta. light of the recently emerging concern
regarding the ineffectiveness of exercise in weighttrol, the author strongly feels that
the ultimate goal of exercise should not be dickttevards weight losger se but rather

to achieve overall health and maintain the qualitife.

“There is more to health than the numbers on thetheoom scale”
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Appendix A

Health Screen for Study Volunteers

It is important that volunteers participating in re
good health and have had no significant medical pro
ensure (i) their own continuing well-being and (ii)

individual health issues confounding study outcomes

Please complete this brief questionnaire to confirm

At present, do you have any health problem for which you are:

(a) on medication, prescribed or otherwise
(b) attending your general practitioner

(c) on a hospital waiting list

In the past two years, have you had any illness which required you to:

(a) consult your GP
(b) attend a hospital outpatient department

(c) be admitted to hospital

Have you ever had any of the following:

(a) Convulsions/epilepsy

(b) Asthma

(c) Eczema

(d) Diabetes

(e) A blood disorder

() Head injury

(g) Digestive problems

(h) Hearing problems

(i) Problems with bones or joints
(j) Disturbance of balance/co-ordination
(k) Numbness in hands or feet
() Disturbance of vision

(m) Thyroid problems

(n) Kidney or liver problems

(0) Chest pain or heart problems

yes [
yes [
yes [

yes [
yes [
yes [

yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [
yes [

]
]
]

]
]
]

fitness to participate:

no [
no [

no [

no [
no [

no [

no [
no [
no [
no [
no [
no [
no [
no [
no [
no [
no [
no [
no [
no [

no [

search studies are currently in
blems in the past. This is to

to avoid the possibility of
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(p) Any other health problems yes[ ] no[ |

4. Have any of your family (parents, grandparents, brothers, sisters, children, aunts,
uncles, cousins) ever had any of the following: (if yes please give details including

age of first diagnosis)

(&) Any heart problems yes[ ] no[ ]
(b) Diabetes yes[ ] no[ |
(c) Stroke yes[ ] no[ ]
(d) Any other family ilinesses ves[ ] no[ ]
5. Do you currently smoke yes[ ] no[ ]
Have you ever smoked yes[ ] no[ ]
If so, for how long did you smoke and when did you stop? ........................
6. Are you currently dieting or consuming specialised diet? yes[ T no[ 1]
7. How many units of alcohol do you typically drink in a week? ......................

If YES to any question, please describe briefly if you wish (e.g. to confirm whether

problem was short-lived, insignificant or well cont rolled.)

THANK YOU
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PART I : Answer the following questions by circling

10.

11.

12.
13.
14.
15.
16.
17.

18.

19.

Appendix B

Three Factor Eating Questionnaire (TFEQ)

whichever is appropriate to you.

. When I smell a sizzling steak or see a juicy piece of meat, | find it very

difficult to keep from eating, even if | have just finished a meal.
| usually eat too much at social occasions, e.g. parties and picnics.
I am usually so hungry that | eat more than three times a day.

When | have eaten my quota of calories, | am usually good about not
eating anymore.

Dieting is so hard for me because | just get too hungry.
| deliberately take small helpings as a means of controlling my weight.

Sometimes things just taste so good that | keep on eating even when
| am no longer hungry.

Since | am often hungry, | sometimes wish that while | am eating,
an expert would tell me that | have had enough or that | can have
something more to eat.

When | feel anxious, | find myself eating.

Life is too short to worry about dieting.

Since my weight goes up and down, | have gone on reducing diets more
that once.

| often feel hungry that I just have to eat something.

When | am with someone who is overeating, | usually overeat too.

| have a pretty good idea of the number of calories in common food.
Sometimes when | start eating, | just can’t seem to stop.

It is not difficult for me to leave something on my plate.

At certain times of the day, | get hungry because | get used to eating then.

While on a diet, if | eat food that is not allowed, | consciously eat less for
a period of time to make up for it.

Being with someone who is eating often makes me hungry enough to eat.

true (T) OR false (F)

T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

When | feel depressed, | often overeat.
| enjoy eating too much to spoil it by counting calories or watching my weight.
When | see a real delicacy, | often get so hungry that | have to eat right away.

| often stop eating when | am not really full as a conscious means of limiting
the mount | eat.

I get so hungry that my stomach often seems like a bottomless pit.

My weight has hardly changed at all in the last ten years.

| am always hungry so it is hard for me to stop eating before I finish the food
on my plate.

When | feel lonely, | console myself by eating.

| consciously hold back at meals in order not to gain weight.

| sometimes get very hungry late in the evening or at night.

| eat anything | want, any time | want.

Without even thinking about it, | take a long time to eat.

| count calories as a conscious means of controlling my weight.
| do not eat some foods because they make me fat.

| am always hungry enough to eat at any time.

| pay a great deal of attention to changes in my figure.

While on a diet, if | eat a food that is not allowed, | often splurge and
eat other high calorie foods.

Next page...

T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F
T F

appendiX 240



PART II : Answer the following questions by circlin g the number_ next
response that is appropriate to you.

37.

38.

39.

40.

41.

42.

43.

44,

45,

How often are you dieting in a conscious effort to control your weight?
1 2 3 4
rarely sometimes usually always

Would a weight fluctuation of 5 Ibs. affect the way you live your life?
1 2 3 4
not at all slightly moderately very much

How often do you feel hungry?

1 2 3 4

only at sometimes often between almost
mealtimes between meals meals always

Do your feelings of guilt about overeating help you to control your food intake?
1 2 3 4
never rarely often always

How difficult would it be fro your to stop eating halfway through dinner and
not eat for the next four hours?

1 2 3 4

easy slightly moderately very
difficult difficult difficult

How conscious are you of what are you eating?

1 2 3 4

not at all slightly moderately extremely

How frequently do you avoid ‘stocking up’ on tempting foods?
1 2 3 4
almost never seldom usually almost always

How likely are you to shop for low calorie foods?

1 2 3 4

unlikely slightly moderately very
unlikely likely likely

Do you eat sensibly in front of others and splurge alone?

1 2 3 4

never rarely often always

to the
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46.

47.

48.

49.

50.

51.

How likely are you to consciously eat slowly in order to cut down on how much
you eat?
1 2 3 4
unlikely slightly moderately very
unlikely likely likely
How frequently do you skip dessert because you are no longer hungry?
1 2 3 4
almost never seldom at least almost

once a week everyday

How likely are you to consciously eat less than you want?

1 2 3 4

unlikely slightly moderately very
unlikely likely likely

Do you go on eating binges though you are not hungry?

1 2 3 4

never rarely often at least

once a week

On a scale of 0 to 5, where 0 means no restraint (eating whenever you want,
whatever you want), and 5 means total restraint (constantly limiting food intake and

never ‘giving’ in), what number would you give yourself?

0 eat whatever you want, whenever you want it

1 usually eat whatever you want, whenever you want it
2 often eat whatever you want, whenever you want it

3 often limit food intake, but often ‘give in’

4 usually limit food intake, rarely ‘give in’

5 constantly limiting food intake, never ‘giving in’

To what extent does this statement describe your eating behaviour?

“l start dieting in the morning, but because of any number of things that
during the day, by evening | have given up and eat what | want, promising
dieting again tomorrow.”

1 2 3 4
not like me little pretty good describes me
like me description perfectly
of me
The End

happen
to start

appendix 242



PART | : Answer the following questions by circling

Appendix C

Dutch Eating Behaviour Questionnaire (DEBQ)

which describes you best.

1 =never; 2=seldom; 3 =sometimes; 4 =often; 5=very often

. If you have put on weight, do you eat less that you

usually do?

. Do you try to eat less at mealtimes than you would like to eat?

. How often do you refuse food or drink offered because you

are concerned about your weight?

. Do you watch exactly what you eat?

. Do you deliberately eat foods that are slimming?

6. When you have eaten too much, do you eat less than usual

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

the following days?

. Do you deliberately eat less in order not to become heavier?

. How often do you try not to eat between meals because you

are watching your weight?

. How often in the evening do you try not to eat because you

are watching your weight?
Do you take into account your weight with what you eat?
Do you have the desire to eat when you are irritated?

Do you have a desire to eat when you are depressed or
discouraged?

Do you have the desire to eat when you are cross?

Do you have a desire to eat when you are approaching
something unpleasant to happen?

Do you have a desire to eat when things are going against
you or when things have gone wrong?

Do you have a desire to eat when you are frightened?
Do you have a desire to eat when you are disappointed?
Do you have a desire to eat when you are emotionally upset?

Do you have a desire to eat when you have nothing to do?

[

the corresponding number

5

5
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Do you have a desire to eat when you are feeling lonely?

Do you have a desire to eat when somebody lets you down?
Do you have a desire to eat when you are bored or restless?
If food tastes good to you, do you eat more than usual?

If food smells and looks good, do you eat more than usual?

If you see or smell something delicious, do you have desire
to eat it?

If you have something delicious to eat, do you eat it straight
away?

If you walk past the baker do you have the desire to buy
something delicious?

If you walk past a snackbar or a café, do you have the desire
to buy something delicious?

If you see others eating, do you also have the desire to eat?
Can you resist eating delicious foods?
Do you eat more than usual, when you see others eating?

When preparing a meal, are you inclined to eat something?

The End
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Appendix D

Appetite Questionnaire

Please answer the following questions by placing a vertical mark through the line for

each question. Regard the end of each line as indicating the most extreme sensation you

have ever felt and mark how you feel NOW.

Time:

1. How hungry do you feel (now)?

lam not Never been
hungry hungrier
2. How satisfied do you feel (now)?
I am not | cannot
satisfied eat another
at all bite
3. How full do you feel (now)?
Not at all
full Totally full
4. How much do you think you can eat (now)?
Nothing at
Alot all
5. How strong is your desire to eat (now)?
Not at all Very
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Appendix E

Experiences in Close Relationship Questionnaire

Below are a number of statements regarding how people feel and behave in their closest
relationships. Please respond according to how you feel and behave generally in these
relationships. Please indicate the extent to which you agree with the following
statements. Do this by placing a number from the scale below (1 — 7) in front of each
state. All information are strictly confidential.

Strongly Neutral Strongly
Disagree Agree
1o, 2 1 S Ao, 5 B 7

. | prefer not to show people close to me how | feel deep down.
. I worry about being abandoned.

. | am very comfortable being close to others.

. I worry a lot about my relationships.

1
2
3
4
5. Just when people start to get close to me | feel myself pulling away.
6. | worry that people won't care about me as much as | care about them.
7. | get uncomfortable when people want to be very close.

8. | worry a fair amount about losing my relationships.

9. I don't feel comfortable opening up to others.

10. | often wish that my loved ones’ feelings for me were as strong as my feelings
for them.

11. | want to get close to others but they keep pulling away.

12. | often want to merge completely with others, and this sometimes scares them away.
13. | am nervous when others get too close to me.

14. | worry about being alone.

15. I feel comfortable sharing my thoughts and feelings with those | am close to.
16. My desire to be close sometimes scares others away.

17. | try to avoid getting too close to others.

18. | need a lot of reassurance that | am loved by those close to me.

19. I find it relatively easy to get close to others.

20. Sometimes | feel that | force others to show more feeling, more commitment.
21. | find it difficult to allow myself to depend on others.

22. | do not often worry about being abandoned.

23. | prefer not to be close to others.

24. If | can't get those close to me to show interest in me, | get upset or angry.

25. I tell those close to me just about everything.
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26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

| find that others don’t want to get as close as | would like.

| usually discuss my problems and concerns with those close to me.

When I'm involved in a relationship, | feel somewhat anxious and insecure.

| feel comfortable depending on others.

| get frustrated when those | am close to aren’t around me as much as | would like.
I don’t mind asking others for comfort, advice, or help.

| get frustrated when those close to me are not available when | need them.

It helps to turn to others in times of need.

When those close to me disapprove of me, | feel really bad about myself.

| turn to others for many things, including comfort and reassurance.

| resent it when those | am close to spend time away from me.

The End
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Appendix F

Active Ghrelin (GHRA-8S8HK)

Manufacturer: Linco Research Inc., St. Charles, MO, USA

Active Ghrelin Standard Preparation

1. Active Ghrelin Standard was reconstituted with 2ofndleionised water.

2. Serial dilutions were performed by adding 0.5 mthe# reconstituted standard to
tubes (1-8) containing 0.5 ml of Assay Buffer (réfable 1).

Table 1. Standard preparation

Tube no.| Volume of Assay Buffey  Volume of Standard Standaydcentration

(pg/ml)

1 0.5 ml 0.5 ml of standard x/2

2 0.5ml 0.5 ml of tube 1 x/4

3 0.5 ml 0.5 ml of tube 2 x/8

4 0.5ml 0.5 ml of tube 3 x/16

5 0.5 ml 0.5 ml of tube 4 x/32

6 0.5ml 0.5 ml of tube 5 x/64

7 0.5 ml 0.5 ml of tube 6 x/128

8 0.5 ml 0.5 ml of tube 7 x/256

Assay Procedure

1) Day 1

1. Assay Buffer (300 pl) was pipetted to the Non-Sped@inding (NSB) tubes (3-
4). 200 pl of Assay Buffer was pippeted in the Refee tubes (5-6). 100 pl of
Assay Buffer was pipetted to tubes (7) throughethe of the assay.

2. Standards, Quality Controls, and samples of 100e@adh were pipetted in
duplicate into respective tubes.

3. 100 pl of Ghrelin Antibody was added to all tub&sept Total Count tubes (1-2)
and NSB tubes (3-4) (refer Table 2).

4. All tubes were vortexed, covered, and incubatedroght (20-24 hrs) at 4°C.
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2) Day 2
1. '*3-Ghrelin lyophilized tracer was hydrated with 138 of Label Hydrating
Buffer containing 0.025% Triton-X 100 and guineg WG as a carrier. Solution
was mixed gently before 100 pl of the mixture wieefied to all tubes.

2. All tubes were vortexed, covered, and incubatedroght (20-24 hrs) at 4°C.

3) Day 3

1. 1.0 ml of cold (4°C) Precipitating Reagent contagngoat anti-lgG serum, was
added to all tubes except Total Count tubes (1-2).

2. Tubes were vortexed and incubated at 4°C.
3. After incubation, tubes were centrifuged at 4°CZ0minutes at 2000-3000 xg.

4. Supernatant from all centrifuged tubes except T@alunt tubes (1-2) were
immediately decanted and drained.

5. Pellet was counted using the gamma counter.
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Table 2. Assay procedure flow chart

DAY ONE DAY TWO DAY THREE
Set- | Step | Step2 | Step 4 Step5| Step6 Step7 Step 8 Step 9-
up 1 &3 11
Tube | Add Add Add Add Add
no. | buffer | standard| Ghrelin 125 precipitatin
assay| /QC/ | antibody ghrelin g reagent
sample tracer
12 - - - Vortex, | 100 pl| Vortex, - Incubate
3,4 | 300 pl - - cover, | 100 ul| cover, 1.0 ml for 20
5,6 | 300 pl - 100 pl and 100 pl and 1.0 ml min at
7,8 | 300 pl[ 100 pl of| 100 pl | incubate| 100 ul| incubate 1.0 ml 4°C,
tube ¢ at4°C at4°C centrifug
9,10 | 300 plf 100 plof| 100 ul 100 pl 1.0ml | eat 4°C
tube 7 for 20
11,12 | 300 pl 100 plof| 100 pl 100 pl 1.0 ml min.
tube 6 Decant
13,14 | 300 pl 100 plof| 100 ul 100 pl 1.0 ml and
tube 5 count
15,16 | 300 pl 100 plof| 100 ul 100 pl 1.0 ml
tube 4
17,18 | 300 pl 100 plof| 100 ul 100 pl 1.0 ml
tube !
19,20 | 300 pl 100 plof| 100 ul 100 pl 1.0 ml
tube 2
21,22 | 300 pl 100 plof| 100 pl 100 pl 1.0 ml
tube !
23,24 | 300 pl 100 pl of| 100 pul 100 pl 1.0 ml
standard
25,26 | 300 pl 100 plof| 100 pl 100 pl 1.0 ml
QC1
27,28 | 300 pl 100 plof| 100 pl 100 pl 1.0 ml
QC2
29,30 | 300 pl 100 plof| 100 pul 100 pl 1.0 ml
sampl
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Appendix G
PYY; 36 (PYY-67HK)

Manufacturer: Linco Research Inc., St. Charles, MO, USA

Active Ghrelin Standard Preparation

3. PYY Standard was reconstituted with 2 ml of deiedisvater.

4. Serial dilutions were performed by adding 0.5 mthed reconstituted standard to

tubes (1-6) containing 0.5 ml of Assay Buffer (refable 1).

Table 1. Standard preparation

Tube no.| Volume of Assay Buffer; Volume of Standard Standaydcentration (pg/ml
1 0.5ml 0.5 ml of standard x/2
2 0.5 ml 0.5 ml of tube 1 x/4
3 0.5 ml 0.5 ml of tube 2 x/8
4 0.5 ml 0.5 ml of tube 3 x/16
5 0.5ml 0.5 ml of tube 4 x/32
6 0.5 ml 0.5 ml of tube 5 x/64

Assay Procedure

3) Day 1

5.

Assay Buffer (200 ul) was pipetted to the Non-Sped@inding (NSB) tubes (3-
4). 100 pl of Assay Buffer was pippeted in the Rerfiee tubes (5-6) and sample
tubes 25 through the end of the assay. Assay Bwfisrnot added to standard and
QC tubes.

100 pl of Matrix Solution containing treated hunsarum was added to the NSB
tubes (3-4), Reference tubes (5-6), and Stand&ekt(i7-20) and Quality Control
tubes (21-24).

Standards and Quality Controls of 100 pl each wéretted into tubes (7-20) and
(21-24) respectively, and 100 pl of samples inteetu(25-)

100 pl of PYYs.36Antibody was added to all tubes except Total Cdubés (1-2)
and NSB tubes (3-4) (refer Table 2).

All tubes were vortexed, covered, and incubatedroght (20-24 hrs) at 4°C.
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4) Day 2

3. -PYY lyophilized tracer was hydrated with 13.5 ofl Assay Buffer. Solution
was mixed gently before 100 pl of the mixture wageetied to all tubes.

4. All tubes were vortexed, covered, and incubatedroght (20-24 hrs) at 4°C.

3) Day3
6. 10 ul of Guinea Pig carrier was added to all tubapt Total Count tubes (1-2).

7. 1.0 ml of cold (4°C) Precipitating Reagent contagngoat anti-lgG serum, was
added to all tubes except Total Count tubes (1-2).

8. Tubes were vortexed and incubated at 4°C.
9. After incubation, tubes were centrifuged at 4°CZ0minutes at 2000-3000 xg.

10.Supernatant from all centrifuged tubes except T&alnt tubes (1-2) were
immediately decanted and drained.

11.Pellet was counted using the gamma counter.
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Table 2. Assay procedure flow chart

DAY 1 DAY 2
Set- | Step1l| Step2| Step3 | Step5| Step6| Step7 Step 8
up &4
Tube| Add Add Add Add Add -
no. buffer | Matrix | standard/| PYY3.35 PYY
assay | Solution QC/ antibody tracer
sample
1,2 - - - - Vortex, 100 pl Vortex,
3,4 | 200l 100 pl - cover, 100 pl | cover, and
56 | 100p 100 p - 100 p and 100 p incubate at
7.8 - 100 pl 100 plof| 100 pl | incubate| 100 ul 4°C
tube 6 at 4°C
9,10 - 100 p 100pl of 100 p 100 p
tube 5
11,12 - 100 pl 100 pl of | 100 pl 100 pl
tube 4
13,14 - 100 pl 100 pl of | 100 pl 100 pl
tube 3
15,16 - 100 pl 100 pl of | 100 pl 100 pl
tube 2
17,18 - 100 pl 100 pl of | 100 pl 100 pl
tube 1
19,20 - 100 p 100 plof | 100 p 100 p
standard
21,22 - 100 pl 100 plof | 100 pl 100 pl
QC1
23,24 - 100 p 100 pl of | 100 100 p
QC 2
25,n - 100 pl 100 pl of | 100 pl 100 pl
sample
DAY 3
Set-up Step 9 Step 10 Step 11
Tube no. Add Add
guinea pig| precipitating
carriel reacent
1,2 - -
3,4 10 pl 1.0ml Incubate for 20 min a
4°C, centrifuge at 4°C
56 1ou 1omi for 20 min. Decant
7,8 10u 10m and count.
9,10 10 pl 1.0 ml
11,12 10 pl 1.0 ml
13,14 10 p 1.0m
15,16 10 pl 1.0 ml
17,18 10p 1.0m
19,20 10 pl 1.0 ml
21,22 10 pl 1.0 ml
23,24 10p 1.0m
25,n 10 pl 1.0 ml
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