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(aged 25-29) and 46% (aged 30-34) (Office for National Statistics, 2009). To the
author's knowledge only one study (Hagobian et al., 2012) examining the effects of
exercise on appetite and energy intake reported that women were taking OCs.

While some studies have found that OC use increases food intake (Eck et al., 1997;
Naessen et al., 2007) others have shown that non-oral contraceptive users and OC users
describe similar patterns of food cravings and amount eaten across menstrual or OC
cycle phases (Bancroft & Rennie, 1993; McVay et al., 2011; Tucci et al., 2010).
Nevertheless, it is important to acknowledge that the study by Eck and colleagues
(1997) used only triphasic oral contraceptives (contain three separate dosages of
exogenous hormones, increasing throughout the 28 day period) and did not perform
comparisons between non-OC users and OC users across cycle phases while the study
by Naessen and colleagues (2007) compared energy intake before and after participants
started using OC which taking into consideration that the body takes time to adapt after
the beginning of OC, results might have been influenced by this initial period of
adaptation. Moreover, an effect of OC on body mass is a common misconception
among adolescents and even physicians (Hamani ef al., 2007) and recent Cochrane
reviews showed that there is currently no evidence to support an effect of oral
contraceptives on body mass (Gallo et al., 2011) or any significant clinical advantage of
biphasic and triphasic regimens over monophasics regimens in terms of safety or
efficacy (Burkman ef al., 2011; Van Vliet ef al., 2011). Currently there is only some
evidence of a depot-medroxyprogesterone acetate (DMPA) effect on body mass
(Beksinska et al., 2010; Berenson & Rahman, 2009) and therefore the exclusion of

participants on DMPA is advisable in appetite research.
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better understanding of the effects of exercise on appetite and energy intake in women

taking OCs.

2.6.1.3 Effects of chronic exercise in men

A single bout of exercise promotes different physiological changes from continued daily
exercise sessions (Powell e al.,, 2011) and chronic exercise has been reported to
increase the sensitivity of appetite control (Martins ef al., 2013; Martins ef al., 2007b),
therefore it is logical to assume that differences may arise between the individual and
cumulative effects of exercise on appetite control. Additionally, a comprehensive
understanding of the impact that exercise has on appetite control and energy balance can
only be possible by researching the effects of acute and chronic exercise over various
periods of time and with measurement of all energy balance components (Blundell ef

al., 2012).

Although sex differences may exist in the control of appetite, men and women are
frequently reported together when expressing the results from exercise interventions
(Bryant et al., 2012; Caudwell et al., 2009; King et al., 2008; King et al., 2009;
Koulouri et al., 2006; Martins et al., 2010; Martins et al., 2013). Additionally, from the
three studies (Caudwell et al., 2009; King et al., 2008; King et al., 2009) that divided
participants into two groups according to the actual to predicted change in body mass
(i.e. classifying participants as responders if body mass changes were equal to or greater
than the change expected due to the exercise-induced increase in energy expenditure
and non-responders if body mass changes were less than the expected change), two did
not report the number of participants in these final groups (Caudwell et al., 2009) or the

ratio of men and women (King er al., 2008). The only study reporting the above
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duration (> 2 months) (Colley et al., 2010; Goran & Poehlman, 1992; Hollowell et al.,
2009; Hunter et al., 2000; Keytel et al., 2001; Manthou e al., 2010; Meijer et al., 1991;
Meijer et al., 1999; Meijer et al., 2000; Morio et al., 1998; Racette et al., 1995;
Rosenkilde ef al., 2012; Turner et al., 2010; Van Etten et al., 1997, Wang & Nicklas,
2011) have also provided contradictory findings. Several studies have shown chronic
exercise-induced decreases in non-exercise energy expenditure (Colley et al., 2010;
Goran & Poehlman, 1992; Manthou et al., 2010; Meijer et al., 1999; Meijer et al., 2000;
Morio et al., 1998; Wang & Nicklas, 2011), whereas others reported no changes
(Church et al., 2009; Hollowell et al., 2009; Keytel et al., 2001; Turner et al., 2010;
Van Etten et al., 1997), an increase (Hunter ef al., 2000; Racette ef al., 1995) and mixed
findings between groups (Manthou et al., 2010; Meijer et al., 1991; Rosenkilde ef al.,
2012). It is difficult to explain these conflicting findings, but it is likely that differences
in intensity and type of exercise, measurement methods, and participants' characteristics
such as age are contributing factors. For instance, two recent studies in overweight men
(Rosenkilde et al., 2012) and overweight or obese women (Wang & Nicklas, 2011)
have suggested that exercise-induced reductions in non-exercise energy expenditure are
dose-dependent. Rosenkilde et al. (2012) reported reductions only in individuals
performing a high dose of exercise (2510 kJ/d) but not the ones performing a moderate
dose of exercise (1255 kJ/d) while Wang and Nicklas (2011) reported decreases in non-
exercise induced energy expenditure on the days of the exercise sessions with vigorous-
intensity (70-75% of VOamax) but not on the days of moderate-intensity (45-50% of A%
Ozmax). Nevertheless, participants in the latter study were also on a constant caloric
restriction diet and therefore results may only be applicable for women already
restricting their diet. Additionally, another recent study conducted over a longer period

of time (8 months) in overweight and obese men and women did not observe this dose-
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3.4 Arterial blood pressure

Arterial blood pressure was measured during health screening by a calibrated
oscillometric blood pressure monitor (Dash 2500, GE Healthcare, Finland) according to
the practice guidelines of the European Society of Hypertension (O'Brien et al. 2005).
In the cross-sectional studies (chapters 4 and 5) all measurements were taken with
participants seated for at least five minutes, relaxed and not moving or speaking
whereas in the longitudinal study (chapter 6) participants lied down for 10 minutes,
relaxed and not moving or speaking. The arm being measured was supported at the level
of the heart and was not constricted by tight clothing. Measurements were taken in

duplicate and the mean of these values recorded.

3.5 Heart rate

Heart rate during exercise was determined using short range telemetry (Polar F4, Polar
Electro, Kempele, Finland) (chapters 4, 5 and 6) whereas during rest it was determined
using a calibrated oscillometric blood pressure monitor (Dash 2500, GE Healthcare,
Finland) (chapter 6). During the exercise intervention, exercise intensity (i.e. target
heart rate) was prescribed as percentage of heart rate reserve (HRR) which was

calculated as follows:

Age-predicted maximum heart rate = 205.8 — 0.685 x (age) (Inbar et al., 1994)

Heart rate reserve (HRR) = maximum heart rate — resting heart rate

Target heart rate = (HRR x percentage of training intensity) + resting heart rate
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3.6 Ratings of perceived exertion

Ratings of perceived exertion (RPE) were used to obtain each participants perception of
exercise intensity using the Borg Scale (Borg, 1973), with numbers ranging from 6 (no

exertion at all) to 20 (maximal exertion).

3.7 Analysis of expired air

Expired air collections were made in the cross-sectional studies (chapters 4 and 5) using
two methods. The open-circuit spirometry method was used for the determination of
maximal oxygen consumption. The Douglas-bag method was used to estimate

experimental days energy expenditure through indirect calorimetry.

3.7.1 Determination of maximal oxygen consumption

A MedGraphics CPX Ultima (Medical Graphics Ltd, Gloucester, UK) gas-analysis
system was used for the determination of maximal oxygen consumption. This device

uses a mouthpiece and generates breath-by-breath data. Data generated was used to

calculate mean values for every 20 seconds and included oxygen consumption (VOz),

carbon dioxide production, expired minute ventilation and respiratory exchange ratio
(RER). Calibration of the Ultima was performed immediately before each test using a 3-
liter syringe and calibration gases of known concentration of oxygen [0> (12% / 21%)]
and carbon dioxide [CO; (5%)]. The maximal value for oxygen consumption was taken
as the highest 20-second mean value obtained during the last stage of the exercise test.
To ensure that a true cycling-specific maximal oxygen consumption had been attained,

two or more of the following criteria were met: participant heart rate within 15
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3.8.2 Cycle-ergometer maximum oxygen uptake test

After 20-30 min recovery, participants began the cycle-ergometer maximum oxygen
uptake test. The test involved cycling continuously through 3-min stages until volitional
exhaustion occurred. The preset pedalling rate was the same as the one chosen for the
submaximal test and initial resistance was set to elicit a heart rate of 160 bpm based on
data from the submaximal cycle ergometer test. At the end of each 3-min stage there
was an increase of the resistance by 4.9 N (0.5 kgf). Strong verbal encouragement was
given to participants throughout the test which was terminated when the participant
failed to maintain cycling cadence for 20 consecutive seconds or signalled as not being
able to continue. The MedGraphics CPX Ultima (Medical Graphics Ltd, Gloucester,
UK) gas analysis system was used for the determination of maximal oxygen
consumption. A heart rate monitor (Polar F4, Polar Electro, Kempele, Finland) was
used to assess each participant’s heart rate continuously and record it every 15 seconds
during the last minute of each stage. Ratings of perceived exertion (Borg, 1973) were

also assessed during the same time periods.

Once the test was finished, the participants’ maximum oxygen consumption value was
considered together with the data obtained during the submaximal test to determine
cycling intensity to be used during the exercise experimental days, i.e. exercise intensity

necessary to elicit 50% of their maximum oxygen consumption.

3.8.3 Astrand-Rhyming submaximal cycle-ergometer test

The Astrand-Ryhming cycle ergometer test (Astrand & Rhyming, 1954) was used for

the estimation of participant's maximum oxygen consumption in the longitudinal study
p P Yg p g
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(chapter 6). The test consisted of 6 min of continuous cycling with the goal to obtain a
HR between 125 and 170 bpm. The pedalling rate was initially set at 50 or 60 rpm
depending on participant's ability to maintain it. Exercise intensity was adjusted to the
individual as suggested by the test protocol. After completion of the test, the resistance
of the cycle-ergometer was decreased and participants cooled down. The mean of the
last two HR and the final exercise intensity was then used to estimate maximum oxygen

consumption from the adjusted nomogram (Astrand, 1960).

The Astrand-Rhyming submaximal test has a reported standard error of estimates from
directly measured maximal oxygen consumption of £10% for well-trained individuals
and +15% for untrained individuals (after use of the age-correction factor) and a test-

retest correlation of 0.96 (Macsween, 2001). These differences can be due to the test

underlying assumptions, i.e. a linear relationship between HR and VO,, maximum HR
at a given age is constant and mechanical efficiency (oxygen consumption at a given

exercise intensity) is the same for everyone.

3.9 Environmental temperature, humidity and pressure

The environmental temperature and humidity were determined using a digital thermo-
hygrometer (ETHG 880, IDT International, Hong Kong). Barometric pressure was

obtained by using a Fortin mercurial barometer.

3.10 Dietary and physical activity standardisation

In the cross-sectional studies (chapter 4 and 5) participants were asked to refrain from

consuming alcohol or caffeine and taking part in vigorous physical activity in the 24
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determined based on individual body mass with participants consuming approximately
23.61 kl/kg of body mass. Breakfast consisted of a bowl of cereal (Corn Flakes,
Kellogg's, UK) with fresh semi-skimmed milk (Sainsbury, UK) and a glass of UHT
orange juice (Drink Fresh, DCB Foodservice, UK). The ad libitum lunch meal consisted
of durum wheat semolina conchiglie pasta (Granaria, Favellato s.r.l, Italy) served with
tomato and mascarpone cheese sauce (Fratelli Sacla, S.p.A., Asti, Italy), and the
combined meal comprised 10.1% energy from protein, 67.2% carbohydrate and 22.7%
fat, with an energy density of 7.4 klJ/g. Cooking and cooling times were standardised
across conditions to ensure a consistent carbohydrate availability across conditions and
the pasta and sauce meal was served on both experimental days at a temperature of 60-

65°C.

Table 3.1 Nutritional composition of breakfast and ad libitum lunch meals

Energy
Protein CHO Fat
Meal density
(%) (%) (%)
(kd/g)
Breakfast 13 77 10 3.5
12% Corn Flakes 8 90 2 15.6
46% Semi-skimmed Milk 28 41 31 2.1
42% UHT Orange Juice 7 93 0 1.7
Ad libitum Lunch 10 67 23 7.4
75% Conchiglie Pasta 12 84 4 14.9
25% Tomato and 3 14 83 7.0

Mascarpone Cheese Sauce

CHO = carbohydrates.
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considered valid for measuring and categorising intensities of physical activity in free-

living individuals (Barreira ef al., 2009; Crouter ef al., 2008).

The Actiheart was attached to the participant’s chest using two electrocardiogram
(ECQG) electrodes (E4 T815 Telectrode, Surrey, UK), a medial electrode placed at the
level below the apex of the sternum and a lateral electrode placed on the same
horizontal level as lateral as possible (lower position shown in figure 3.2). This
positioning of the monitor at the level below the apex of the sternum was chosen
because it is associated with cleaner heart rate data, particularly in men (Brage et al.,
2006) and was preferred by a pilot group due to the device being less visible.
Participants were told to wear the monitor at all times, when awake or asleep and in
study four participants were also asked to record the times (if any) where they did not
wear the Actiheart in an activity log (Appendix 11). The epoch (i.e. interval of time
between recordings) was set for 15 seconds in the cross-sectional studies (chapter 4 and

5) and 1 minute in the longitudinal study (chapter 6).

At the end of the free-living period, participants returned the Actihearts and the data
were downloaded using a docking station and analysed using its commercial software.
Heart rate and accelerometer data were converted to energy expenditure using Brage et
al. (2007) revised group calibration branched equation. Total daily energy expenditure
was calculated as the sum of physical activity energy expenditure (PAEE), diet-induced
thermogenesis, and resting energy expenditure. Resting energy expenditure was
estimated from the Schofield equations (Schofield, 1985) while diet-induced

thermogenesis was assumed to equal 10% of total energy expenditure.
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standard deviation thus reflecting differences expressed in standard deviation units.
According to Cohen’s (1988) guidelines, effect sizes may be conservatively interpreted
as small (0.2), medium (0.5), and large (0.8) effects. In addition, 95% confidence
intervals were determined for energy intake, macronutrient intake, energy expenditure

and percentage of energy compensation.

3.16.2 Longitudinal study statistical analyses (Chapter 6)

Paired t-tests compared estimated exercise energy expenditure, body composition,
resting heart rate, blood pressure, estimated maximum oxygen consumption, metabolic
profile (total cholesterol, HDL, non-HDL, triglycerides, LDL, and fasting glucose),
cognitive restraint, unrestrained eating, emotional eating and food cravings before and
after the exercise intervention. Two-way repeated measures ANOVA (Intervention x
Time) compared energy intake, macronutrient intake and energy expenditure before and
after the exercise intervention (Intervention effect) over the 7 days (Time effect).
Cohen's d (standardised mean difference) effect sizes were calculated by dividing the
difference between means by the pooled standard deviation thus reflecting differences
expressed in standard deviation units. According to Cohen’s (1988) guidelines, effect
sizes may be conservatively interpreted as small (0.2), medium (0.5), and large (0.8)

effects.

3.17 Reliability studies

One essential principle of the scientific method is that experiments must produce
reproducible data to be meaningfully interpreted, therefore, reliability is an essential

source of validity evidence for scientific data (Downing, 2004). Irrespectively of the
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chosen equipment or operator doing the measurement, there are always internal and
external factors that lead to some measurement error (Mullineaux et al., 1999). Hence,
to ensure confidence in the results, there is a need to quantify and minimise this
measurement error whose main components are systematic bias (e.g. learning effect)
and random error (biological or mechanical variation) (Ortega ef al. 2008). In this
regard, two reliability studies (one for male participants and one for female participants)
were undertaken to evaluate the test-retest reproducibility of measurements obtained in
this thesis. Twenty participants (10 men and 10 women) attended two assessments, one
week apart, at approximately the same time of day (there was less than one hour
difference in time of day between assessments) to minimise circadian or similarly
induced variations. Participants were asked to refrain from consuming alcohol or
caffeine and taking part in vigorous physical activity in the 24 hours prior to both tests.
As no statistical test is singularly ideal as a measure of reliability, intraclass correlation
coefficient (ICC - calculated using a 2-way random effects absolute agreement model)
(Weir, 2005), technical error of measurement (TEM), coefficient of reliability (R) (Goto
& Mascie-Taylor, 2007) and typical error (TE - also known as standard error of the
measurement) (Atkinson & Nevill, 1998; Hopkins, 2000) were calculated with the
results of the two visits in men (Table 3.2) and women (Table 3.3). Definitions and

interpretations of these statistical tests are presented below:

e The intraclass correlation coefficient (ICC) is a relative index of reliability that
normalizes measurement error relative to the heterogeneity of the participants.
The ICC can vary between 0 and 1.0 and interpretation can be as follows: < 0.40
poor agreement; 0.40 to 0.59 fair agreement; 0.60 to 0.74 good agreement; 0.75

to 1.00 excellent agreement (Cicchetti, 2001).
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3.17.1

The technical error of measurement (TEM) is a measure of imprecision and is
defined as the square root of measurement error variance. It is adopted by the
International Society for the Advancement of Kinanthropometry (ISAK) as the
most common way to express error in anthropometry. As there is a positive
association between TEM and measurement size (large mean values of
measurement are associated with high TEM and small ones with low TEM), it is
not recommended that TEMs are compared directly. Instead, a measure of the
coefficient of variation of TEM, the relative TEM, is used to facilitate
comparisons between different measures or indices. Interpretation is dependent
on the analysed method and for that reason there are no exact cutoffs for
acceptance but rather published measurement-specific indications of the
precision required for a reliable measurement (Ulijaszek & Kerr, 1999).

The coefficient of reliability (R) reflects how much of the between-participant
variance is free from measurement error. It ranges from 0 to 1 and although
there are no recommended values for R, Ulijaszek and Kerr (1999) suggest that a
cut-off of 0.95 be used (i.e. a human measurement error of up to 5%).

The typical error (TE) describes the error in interpreting an individual’s test
score (i.e. it quantifies the precision of individual scores on a test). The lower the
reliability, the greater the TE, and the less precise the scale (Hopkins, 2000),
however, it is still the researcher's responsibility to decide whether the identified

difference impacts the conclusions drawn from these measurements.

Male participants

All measurements have excellent agreement according to the ICC (between 0.75 and

1.00). The coefficient of reliability is above 0.95 for every measure except waist-to-hip
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Table 3.3 Reliability of measurements of physical characteristics in female participants

Variables M*SD M+SD ICC TEM R TE
(1" test) (2" test) (%) (%)
Stature (cm) 166 £7 16617 1.00 0.3 1.00 0.3
Body mass (kg) 622+10.3 625+104 099 11 1.00 1.2
Waist-to-hip ratio 0.74 £ 0.05 0.74£0.05 0.91 0.1 1.00 1.9
Bicep skinfold (mm) 812 8+2 0.91 79 093 92
Tricep skinfold (mm) 164 17+4 091 59 094 7.8
Sub-scapular skinfold (mm) 1214 134 0.97 11.9 0.88 6.1
Suprailiac skinfold (mm) 20112 19+ 10 0.94 12.0 0.95 13.1
Sum of skinfolds (mm) 56+ 18 56+ 18 0.97 1.2 1.00 54
Body fat (%) - skinfolds 29.5 % 4.1 206+40 097 08 100 25
Fat-free mass (kg) - BIA 463+58 468160 098 22 097 20
SMM (kg) - BIA 257134 26.0£3.5 0.98 26 0.96 2.0
Body fat (kg) - BIA 15.9 £ 5.1 158+52 098 21 100 43
Body fat (%) - BIA 25.1+4.1 247+46 093 36 096 4.6
VFA (cmz) - BIA 51.5+20.0 51.2+204 0.97 1.1 1.00 6.4
VO30ay (ml/min) 2132356 2131£371 099 04 100 1.7
VO smax (mV/kg/min) 344140 34139 097 22 097 20
Maximum heart rate (bpm) 19216 19115 0.49 1.3 0.72 2.0

N=10; SMM = Skeletal muscle mass; VFA = Visceral fat area; VOjmax = maximal

oxygen consumption;
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4.2 Methods

4.2.1 Participants

This study was advertised as examining the relationship between food, activity and
mood. Sixty-nine participants requested more information about the study from which
forty-four were invited for a preliminary visit. Thirty-five participants met the inclusion
criteria for the study but five participants withdrew from the study. Two of these
participants were not willing to follow protocol, two withdrew due to
facilities/equipment problems and one chose not to state a reason. A consort diagram of

this study is represented in figure 4.1.

People contacted directly

N=26
Not Interested Requested study information People requested information after sceing adverts
N=3 N=23 N=46
[ T |
People that received participant information sheet
N=69
Lost Interest Maintained interest
N=25 N=44
Did not meet inclusion criteria Met inclusion criteria
N=9 N=35
Dropouts Completed study
N=5 N=30

Active Inactive
N=15 N=1§

Figure 4.1 Consort diagram of the study.
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4.2.6 Free-living energy intake

Participants were instructed to weigh and record all items of food and drink consumed
both at home and outside the home in food diaries for the remainder of the experimental
days and subsequent three days. All participants received guidance on how to complete
the dietary record and measure food portions. When weighing was not possible,
participants were asked to estimate portion sizes using standard household measures.
Immediately upon receipt, food diaries were reviewed in the presence of the participant
to ensure completeness and legibility, with any missing or unclear items being
corrected. Food diaries were analysed to estimate energy and macronutrient intake using
the dietary analysis software NetWisp (version 3.0; Tinuviel Software, Warrington, UK)

with unlisted foods being inputted according to their nutritional label.

4.2.7 Free-living energy expenditure

Free-living energy expenditure for the remainder of the experimental day and
subsequent three days was estimated using an Actiheart (Cambridge Neurotechnology,
Cambridge, UK) as described in section 3.15. Participants were told to wear the monitor
at all times, when awake or asleep including when washing or swimming. At the end of
the three-day period, participants returned the Actihearts and the data were downloaded

using a docking station and analysed using its commercial software.

4.2.8 Percentage of energy compensation

Percentage of energy compensation was calculated for the ad libitum lunch meal, and
for each one of the daily energy intakes (i.e. experimental day and subsequent 3 days)

based on a formula used in previous studies (Jokisch et al., 2012; Pomerleau et al.,
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2004). To calculate the percentages compensation for the ad libitum lunch meals and for

each day the following formulas were applied:

[(lunch energy intake in exercise condition - lunch energy intake in control condition) /

(net exercise-induced energy expenditure)] x 100

[(energy intake of day A in exercise condition - energy intake of day A in control

condition) / (net exercise-induced energy expenditure)] x 100

In the latter, "A" denotes the day for which the percentage compensation is being

calculated.

When positive, the percentage compensation values indicate that over the analysed
period of time, energy intake was greater in the exercise than in the control condition
while negative values indicate a greater intake in the control than in the exercise
condition. A value of 100% indicate complete compensation of the net exercise-induced
energy expenditure (i.e. the excess energy intake at the exercise compared with the
control condition matched the net exercise-induced energy expenditure). A value of 0%

indicates no compensation (i.e. energy intake was the same in both conditions).

4.2.9 Statistical analyses

Sample size was estimated with the nQuery Advisor software (nQuery Advisor 6.01,
Statistical Solutions, Cork, Ireland). On the basis of previous studies with men
participants (Harris & George 2008; Martins et al., 2007a; Verger et al., 1994;

Westerterp-Platenga ef al., 1997) this study aimed to detect a mean difference of energy
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intake at the first meal after the exercise compared with the control conditions of 930 kJ
(standard deviation of 910 kJ). With an alpha of 5% for statistical significance and
statistical power set at 80%, the estimated sample size was 15 participants per group.

Data were analysed using the Statistical Package for the Social Sciences software for

windows (SPSS 19.0, Chicago, IL, U.S.A.). Differences between groups for baseline

characteristics, relative intensity of exercise (% of VOamax), ratings of perceived exertion
(RPE) during exercise and the net exercise-induced energy expenditure were assessed
by independent Student's t-tests. Percentages of energy compensation were compared
between groups using a one-way ANOVA with the Welch test (when homogeneity of
variance was violated). Two-way mixed-model ANOVAs (Group x Condition)
compared the experimental day's lunch energy intake, energy expenditure, heart rate and
respiratory exchange ratio (RER). Three-way mixed-model ANOVAs (Group X
Condition x Time) compared subjective hunger ratings, daily energy expenditure and
daily energy and macronutrient intakes. In these analyses energy intake on the
experimental day was calculated by summing participants' energy intake throughout the
day (breakfast + ad libitum lunch + remainder of experimental day). However, the same
formula could not be applied to macronutrient intake because the macronutrient values
for breakfast and lunch of the experimental day were fixed. Therefore, macronutrient
intake for the experimental day is limited to the free-living period of that day (i.e.
remainder of the experimental day). Where appropriate, post hoc tests were performed
using Bonferroni adjustments. Cohen's d (standardised mean difference) effect sizes
were calculated by dividing the difference between means by the pooled standard
deviation thus reflecting differences expressed in standard deviation units. According to
Cohen’s (1988) guidelines, effect sizes may be conservatively interpreted as small (0.2),

medium (0.5), and large (0.8) effects. In addition, 95% confidence intervals were
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4.3.2 Exercise responses and energy expenditure on the experimental

days

Relative intensity of exercise, RPE and RER did not differ between active and inactive

groups during exercise (51.0 + 3.8% vs. 51.4 = 3.4% of VO 11.3 = 1.3 vs. 12.1
1.0; and 0.88 £ 0.09 vs. 0.93 = 0.06; p > 0.05). Heart rate differed between groups
during the control experimental day (active 57 + 7 bpm vs. inactive 65 + 8 bpm, p =
0.005, d = -1.15) but not during the exercise experimental day (active 109 + 9 bpm vs.
inactive 114 £ 13 bpm, p = 0.21, d = -0.48). There was a condition (p < 0.001, d = 7.69)
and group (p = 0.045, d = 0.14) effect and a group x condition interaction (p = 0.002, d
= 1.26) for energy expenditure during the 60 minutes of exercise and equivalent control
period. Post hoc analyses demonstrated that active participants expended more energy
than inactive participants during exercise (mean difference = 231 kJ; 95% CI 45 to 417
kJ, p = 0.013, d = 1.0) but not during the equivalent resting period (mean difference =
27 kJ, 95% CI -83 to 30 kJ, p = 0.33, d = -0.38). Net exercise-induced energy
expenditure was greater in active than inactive participants (1579 + 61 kJ vs. 1322 + 48
kJ; p = 0.003, d = 1.26). During the remainder of the experimental days there was a
group effect for energy expenditure (active vs. inactive: 7994 + 2924 kJ vs. 6344 + 1220
kJ, p = 0.024, d = 0.76) and physical activity energy expenditure (active vs. inactive:
3344 £ 2553 kJ vs. 1911 = 1095 kJ, p = 0.011, d = 0.76) but there were no other main or

interaction effects (p > 0.05).

4.3.3 Body mass and water consumption on the experimental days

Body mass and water consumption during the laboratory period of the experimental
days are presented in table 4.2. There were condition (exercise vs. control: 76.2 = 9.4 kg

vs. 76.5 £ 9.5 kg; p = 0.027, d = -0.04) and time (start vs. end: 76.4 = 9.4 kg vs. 76.3 £
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9.4 kg; p = 0.004, d = -0.01) effects and time x group (p = 0.020, d = -0.89) and
condition x time (p = 0.011, d = 0.28) interactions for body mass on the experimental
days. However, post hoc tests only revealed a difference in active participants between
body mass at the start and end of the 60 minutes cycling/resting period (mean difference
=-0.4 £ 0.4 kg; p = 0.001, d = -0.04). There were no condition (p = 0.134, d = 0.25),
group (p = 0.481, d = 0.25) or interaction (p = 0.610, d = 0.19) effects for water

consumption on the experimental days.

Table 4.2 Body mass and water consumption on the experimental days

Active Inactive
Exercise Control Exercise Control
Body mass (kg) - start 73.1+£10 73.5+102 79.6+8.1 79.6%8.2
Body mass (kg) - end 72.7+99*% 734+£102 795+8.1 79.6%8.2

Water consumption (mL) 624 +287  531+£324  533+284 487 +249

N=15 per group; values presented as mean % SD.

* Mean significantly different from the start of exercise (p = 0.001, d = -0.04).

4.3.4 Environmental temperature and humidity

There were no condition (exercise vs. control: 20.9 + 2.2 °C vs. 20.4 + 2.4 °C, p = 0.14),
group (active vs. inactive: 20.7 £ 2.6 °C vs. 20.6 £ 1.9 °C, p = 0.92) or interaction
effects (p = 0.72) for temperature. Likewise there were no condition (exercise vs.
control: 35.6 £ 9.0% vs. 35.7 £ 8.4%, p = 0.91), group (active vs. inactive: 36.2 + 9.0%

vs. 35.1 = 8.4%, p = 0.47) or interaction effects (p = 0.73) for humidity.
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4.3.6 Ad libitum lunch energy intake

The energy intake at the ad libitum lunch meal for active and inactive participants on
both experimental days is presented in table 4.3. There were no main effects or
interactions for absolute energy intake at lunch (p > 0.05), however, there was trend
with a moderate effect size for the inactive group's absolute energy intake at lunch to be
higher on the exercise day compared to the control day (mean difference = 432 kJ; 95%
CI-46.5t0 910.7 kJ, p = 0.073, d = 0.42). After adjustment of absolute EI for the energy
expended during the 60 min of exercise/rest (relative energy intake, REI), there was a
condition effect (F(1,28) = 26.495; p < 0.001, d = -0.98) with a lower REI in the
exercise than the control condition (2766 = 1182 kJ vs. 4007 + 1385 kIJ). Post hoc tests
showed REI was lower in the exercise than the control in the active (mean difference = -
1596 kJ; 95% CI-2461 to -733 kJ, p = 0.01, d =-1.13) and inactive (mean difference =

-885 kJ; 95% CI -1415 to -355 kJ, p = 0.03, d = -0.84) groups.

Table 4.3 Ad libitum lunch meal energy intake

Active Inactive
Absolute EI Exercise condition (kJ) 4712 +£ 1364 4577+ 1126
Absolute EI Control condition (kJ) 4687 £+ 1666 4145 £ 1026
Relative EI Exercise condition (kJ) 2680 £ 1229** 2853 £ 1134*
Relative EI Control condition (kJ) | 4276 £ 1663 3738 £ 1035

N=15 per group; values presented as mean = SD; EI = energy intake.
* Means significantly different from control condition (p = 0.03, d =-0.84).
** Means significantly different from control condition (p = 0.01, d=-1.13).
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4.3.8 Daily macronutrient intake

Daily macronutrient intake for both groups is shown in table 4.4. There was a main
effect of time (p < 0.01) and a time x group (p < 0.05) interaction for the percentage of
energy consumed from fat and carbohydrates. Conversely, there were no main or
interaction effects for protein intake (p > 0.05). Pairwise comparisons showed that fat
intake was lower on the experimental day compared to the third day after (27 + 9% vs.
33 £ 10%, p = 0.006, d = -0.63) whereas carbohydrate was greater on the experimental
day compared to the third day after (59 £ 10% vs. 51 = 11%, p = 0.006, d = 0.75).
However, post hoc analyses showed that only the active group had a lower fat intake
(24 = 8% to 35 £ 9%, p = 0.001, d = -1.37) and higher carbohydrate intake (62 + 9% to

49 + 10%, p = 0.004, d = 1.39) on the experimental day compared to the third day after.

Table 4.4 Daily macronutrient intake

Active Inactive
Protein Fat CHO Protein Fat CHO

Ex. 155 24 £8 61+10 13+4 3110 56+12
Exp. day
(%) Con. 14£3  23+£7 638 133 30410 57£10

Ex. 14+4 30+10 56+12 15+5 366 49+6
Day 1 (%)

Con. 15+5 27+8 58+11 16 £2 30+13 54+12

Ex. 15+3 30+ 9 55+10 15+7 35+9 50+11
Day 2 (%)

Con. 16+5 29+10 55+12 14 +4 33+10 53+10

Ex. 175 34+8 49+ 10 15+5 34+£10 519
Day 3 (%)

Con. 168 35+10 49+ 11 156 32+13 54+15

N=14 per group; values presented as mean = SD. Exp. = experimental; Ex. = exercise

condition; Con. = control condition; CHO = carbohydrates.
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4.3.10 Daily energy expenditure

Three participants in the active group and one participant in the inactive group did not
wear the Actiheart for the third day, therefore analyses are for 12 active and 14 inactive
participants. There was only a group effect (F(1,24) = 5.154; p = 0.032, d = 0.89) for
total daily energy expenditure, indicating that active participants expended more energy
than inactive over the course of the three days (mean difference = 1412 kJ; 95% CI 456
to 2367 kJ). There were no other main effects or interactions (p > 0.05) for total daily
energy expenditure. Likewise there was only a group effect (F(1,24) = 12.747; p =
0.002, d = 1.36) for physical activity energy expenditure, indicating that the active
group was more active than the inactive group (4633 + 1414 kJ vs. 3039 + 1019 kJ)

over the 3 days after the experimental days (Figure 4.7).

Active Control
Active Exercise
O tnactive Control

7000 - B Inactive Exercise

6000 -
5000 -
4000 -
3000 -

2000 -

Physical activity energy expenditure (kJ)

1000 -

T ¥

First day after experimental Second day after Third day after experimental
day experimental day day

Figure 4.7 Daily physical activity energy expenditure (N=12 active, N=14 inactive;
means = SEM).
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4.4 Discussion

To the author's knowledge, the present study is the first to have examined effects of an
acute bout of moderate-intensity aerobic exercise on energy intake and expenditure in
active and inactive participants over a 4-day period. The novel finding arising from this
study is that active participants can immediately increase their energy intake to
compensate for exercise-induced energy expenditure on the same day while the inactive
participants increased their energy intake only on the third day after exercise. Moreover,
both groups maintained their habitual physical activity between conditions suggesting

that there were no acute compensatory changes in physical activity.

In the present study, exercise intensity was individually prescribed to reflect fitness
status with both groups cycling at approximately the same relative intensity. This
adjustment is important since individuals respond differently to an exercise challenge at
a fixed absolute intensity (Howley, 2001), and as anticipated, active participants were
aerobically fitter which meant they exercised at a greater absolute intensity and
therefore expended more energy during exercise than inactive participants. Participants
body mass did not change between conditions suggesting that participants remained in
energy and fluid balance during the 7 days between the first and the second
experimental day. Over the course of the laboratory period of the experimental days
there was only a difference between the pre- and post-exercise body mass in the active
group (mean difference = -0.4 + 0.4 kg), which can be explained by the water lost

during the exercise period.

Consistent with previous research (Imbeault et al., 1997; Jokisch et al., 2012; King et

al., 1997; King et al., 2010b), this study did not find any differences in subjective
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hunger ratings either between groups or conditions. A possible explanation for this

finding is that previous research has reported only a short-term suppression of hunger
during and immediately after vigorous exercise (>60% of VOzmax) (Broom et al., 2007,

Broom et al., 2009) whereas moderate-intensity exercise (%50% of VOima) Was
undertaken in the present study. In addition, energy intake during the ad libitum lunch
meal did not differ between conditions or groups, again supporting previous research
(Harris & George, 2008, Imbeault et al., 1997, King ef al., 2010ab, Thompson et al.,
1988). However, there was a trend that the inactive group had a greater absolute energy
intake at lunch after exercise than control. This finding is reflected in the percentage of
energy compensation at the ad libitum lunch meal which showed that the inactive group
partially compensated for 30% of their net exercise-induced energy expenditure. This
result can possibly be explained by inactive participants having a psychological drive to
use food as a reward for exercising or the belief that exercise increases appetite (King et

al., 2007).

After adjusting for the energy expended during the exercise/rest periods, both groups
had a lower lunch REI after exercise than control supporting previous research with
active (Imbeault et al., 1997) and inactive individuals (Martins et al., 2007a)
demonstrating that exercise induces an acute negative energy balance. In a recent study,
with active and inactive participants (Jokisch et al., 2012) habitually active individuals
acutely i.e. at the meal immediately after exercise, increased their energy intake whereas
the inactive decreased their energy intake. Findings from the present study contradict
this work and suggest that at the first meal after exercise, active participants do not
change their energy intake and inactive participants potentially increase it. The

discrepancy in results between this study and Jokisch er al. (2012) study could be
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that the active group compensation in the end of the experimental day was closer to
100% than the one by the inactive group on third day after the experimental day (127
vs. 172%, respectively). These findings suggest that active individuals may not only
compensate quicker than inactive but possibly more accurately as well supporting
previous research (Long ef al., 2002; Martins et al, 2007b), which suggests that active
individuals have a more sensitive short-term appetite control than the inactive.
Moreover, the consistently narrower confidence intervals of the percentages of energy
compensation for the active compared with the inactive group are possibly a reflection

of the tighter control of energy intake in active participants.

When examining the cumulative percentage of energy compensation over the four days,
the active group was only able to compensate for approximately half of their net
exercise-induced energy expenditure (48%) whereas the inactive group increased their
exercise-induced energy deficit (-39%). From a body mass management perspective,
these values would, if sustained over a longer period of time, translate to reductions in
body mass. However, this interpretation should be made with caution because whilst the
delayed compensation of the inactive group suggests that an exercise-induced effect was
still present by the fourth day, the same is not observed with the active group because
their full compensation occurred within the exercise experimental day. This result
makes the cumulative percentage of energy compensation of the active group difficult to
interpret as the exercise-induced effect may have already subsided after the

experimental day.

No differences in macronutrient intake were observed between conditions and

differences over time were only observed in the active group who consumed less energy
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walking uphill, because acceleration patterns do not change under these conditions

(Warren et al., 2010).

In summary, this study demonstrated that an acute bout of moderate-intensity aerobic
exercise did not increase hunger or energy intake at the meal immediately after exercise,
but induced an acute compensatory (within the experimental day) increase in energy
intake in active men, and a delayed compensatory (third day after the experimental day)
increase in energy intake in inactive men. Additionally, these findings occurred in the
absence of compensatory changes to daily energy expenditure. Therefore, the results
suggest that active individuals compensate for an acute exercise-induced energy deficit
quicker than inactive individuals by changing energy intake but not physical activity.
These findings provide novel information about the different compensatory responses
that active and inactive men have in response to an acute bout of moderate-intensity
exercise. Additionally, the cumulative percentage of energy compensation over the four
days reinforces the use of exercise as a strategy to induce short-term energy deficits in
inactive participants, making it beneficial for individuals aiming to reduce their body

mass.
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People contacted directly

N=20
Not Interested Requested study information People requested information after seeing adverts
N=14 N=6 N=158
L 7 J
People that received participant information sheet
N=164
Lost Interest Maintained interest
N=89 N=75
Did not meet inclusion criteria Met inclusion criteria for 2" study Met inclusion criteria for 3" study
N=23 N=23 N=29
Dropouts Completed study Dropouts Completed study
N= N=16 N= N=20
Active Inactive Active Inactive
N= N=8 N=10 N=10

Figure 5.1 Consort diagram of the second and third studies.

The inclusion criteria for these studies were as follows:

e Female aged 18-35 years;

¢ Normal or Overweight (body mass index between 18.5 and 29.9 kg/m?);

¢ Healthy (no known chronic diseases);

e Non-smokers;

¢ Not dieting;

e Body mass stable (2 kg) for 6 months prior to the study;

¢ Not being highly restrained eaters (scoring less than 18 or 66% in the cognitive
restraint scale of the revised version of the Three Factor Eating Questionnaire,
TFEQ-R18);

¢ Not disliking or having allergies to foods provided,;
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e Had regular menstrual cycles (21-35 days);

e Did not suffer from moderate or severe premenstrual symptoms (assessed
through the shortened premenstrual assessment form, SPAF);

e Not using hormonal contraceptives (study 2);

e Taking oral contraceptives (study 3; Microgynom 30 [n=6]; Cerazette [n=4];
Yasmin [n=3]; Cilest [n=3]; Femodene [n=1]; Dianette [n=1]; Marvelon [n=1];
Mercillon [n=1])

e Not pregnant or lactating;

¢ Not taking medications that could affect food intake or metabolism.

Severity of premenstrual symptoms was assessed through the shortened premenstrual
assessment form (SPAF; Allen et al., 1991) that consists of 10 items rated on a scale
from 1 (not present or no change from usual) to 6 (extreme change, perhaps noticeable
even to casual acquaintances). A score greater than 30 indicates moderate premenstrual
symptoms (Allen et al., 1991), therefore participants were excluded on this basis. The
mean score for the SPAF for the active and inactive groups were 18.1 + 5.8 and 17.6

5.9 for the second study and 16.8 + 6.8 and 17.6 + 5.8 for the third study, respectively.

The mean scores for cognitive restraint based on the revised version of the Three-Factor
Eating Questionnaire (Karlsson et al., 2000) for the active and inactive groups were
11.6 £ 3.0 (31.2 = 16.6%) and 11.0 + 3.4 (27.8 + 18.8%) for the second study and 11.6
+ 3.1 (31.3 £ 17.1%) and 10.5 + 3.3 (25.0 = 18.5%) for the third study, respectively.
Self-reported weekly physical activity assessed by a modified version of Godin Leisure-
Time Exercise Questionnaire (GLTEQ) (Godin & Shepard, 1985) was used to allocate

participants to the active (engaged in regular exercise and undertaking at least 150
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are presented for all outcomes unless otherwise stated. Statistical significance was

accepted at the 5% level.
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5.3 Results - Women not using hormonal contraceptives
(Study 2)
5.3.1 Baseline characteristics

Participants' baseline characteristics are presented in table 5.1. Active participants have

greater VO)max and waist-to-hip ratio, and lower percentage of body fat than inactive

participants (p < 0.05). There were no differences in age, stature, body mass and BML

Table 5.1 Participants baseline characteristics

Active Inactive
Age (years) 21.9+4.0 245+3.5
Stature (m) 1.68+0.07 1.65 £ 0.07
Body mass (kg) 62.1+£5.8 62.7+9.9
BMI (kg-m?) 222420 23.0+3.1
Waist-to-hip ratio * 0.78 £ 0.03 0.72 £ 0.05
Body fat (%) ** 23.6+5.7 32.8+4.2
VO2umax (mI-kg™?-min™) ** 38.8+4.2 26.1+23

N=8 per group; values presented as mean £ SD.

BMI = body mass index; VOzm,x = maximal oxygen consumption.
* Means significantly different (p < 0.05).
** Means significantly different (p <0.01).

138



5.3.2 Exercise responses and energy expenditure on the experimental

days

Relative intensity of exercise was not different between active and inactive participants

during the exercise (50.1 = 2.1% vs. 55.2 = 9.5% of VOsmax; p = 0.17) but there was a
trend for active participants to perceive exercise as less strenuous than inactive
participants (RPE: 11.2 £ 1.0 vs. 13.0 £ 2.1; p = 0.051). There were no main or
interaction effects for RER (p > 0.05), however there was a condition (F(1,14) = 394.2;
p <0.001) and Group (F(1,14) = 5.2; p < 0.05) effect for heart rate that was different
between groups during the control experimental day (active 64 = 12 bpm vs. inactive 75
+ 7 bpm, p = 0.021) but not during the exercise experimental day (active 121 & 14 bpm
vs. inactive 130 £ 10 bpm, p = 0.12). There was a condition (p < 0.001) and group (p =
0.01) effect and a group x condition interaction (p = 0.014) for energy expenditure
during the 60 minutes of exercise and equivalent resting period. Post hoc analyses
demonstrated that active participants expended more energy than inactive participants
during exercise (mean difference = 335 kJ; 95% CI 95 to 576 kJ, p = 0.01, d = 1.6) but
not during the equivalent resting period (mean difference = 15 kJ, 95% CI -42 to 72 kI,
p =0.59, d = 0.29). Net exercise-induced energy expenditure was greater in active than
inactive participants (1137 + 168 kJ vs. 817 £ 274 kJ; p = 0.014, d = 1.51). There was a
group effect for total energy expenditure (active vs. inactive: 6600 £ 1529 kJ vs. 4625 +
799 kI, p = 0.007, d = 1.67) and physical activity energy expenditure (active vs.
inactive: 2970 + 1386 kJ vs. 1296 + 512 kJ, p = 0.006, d = 1.65) during the remainder of

the experimental days. There were no other main or interaction effects (p > 0.05).
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+ 7.9% vs. 33.8 £ 9.2%, p = 0.67), group (active vs. inactive: 34.1 £ 9.0% vs. 34.6 £

8.1%, p = 0.89) or interaction effects (p = 0.35) for humidity.

5.3.5 Subjective ratings of hunger

There was a main effect of time (p < 0.001) for hunger ratings but there were no
interactions or other main effects (p > 0.05) (Figure 5.2). Differences in hunger ratings
were also evaluated using AUC values for the time before and after breakfast (08:45-
09:00), the following hours until lunch (09:00-12:00), and the time before and after
lunch (12:00-12:20). There was a main effect of time (p < 0.001) for hunger AUC

values but no interactions or other main effects (p > 0.05).

100 -
----- B Inactive Control
90 - i '
—e— [nactive Exercise
80 - Active Control
70 4 —O— Active Exercise

30 -

20

Hunger (0 Not Hungry - 100 Very Hungry)

104 ¥ L . DSgBoe.

0 ] . e — i il

8:45 9:00 09:30 10:00 10:30 11:00 11:30  12:00 12:20

Time (h)

Figure 5.2 Subjective feelings of hunger (n=8 per group; means + SEM). Hatched
rectangles are consumption of meals; dark rectangle is equivalent to the 60 minutes

cycling period.
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5.3.6 Ad libitum lunch energy intake

The energy intake at the ad libitum lunch meal for active and inactive participants on
both experimental days is presented in table 5.3. There were no main effects or
interactions for absolute energy intake (p > 0.05). After adjustment of absolute energy
intake for the energy expended during the 60 min of exercise/rest (relative energy
intake, REI), there was a condition effect (F(1,14) = 11.735; p = 0.004, d = -0.79) with a
lower REI in the exercise than the control condition (1417 & 926 kJ vs. 2120 + 923 KJ).
Post hoc analysis demonstrated a difference in relative energy intake between
conditions in the active (mean difference =-1015 kJ; 95% CI -1636 to -394 kJ, p = 0.01,
d = -1.28) but not in the inactive group (mean difference = -392; 95% CI -1016 to 233

k], p=0.22,d=-0.41).

Table 5.3 Ad libitum lunch meal energy intake

Active Inactive
Absolute EI Exercise condition (kJ) 2965 + 583 2458 + 1296
Absolute EI Control condition (kJ) 2843 + 1099 2033 £619
Relative EI Exercise condition (kJ) 1503 £452* 1331 £ 1319
Relative EI Control condition (kJ) 2518 £ 1108 1723 £ 601

N=8 per group; values presented as mean + SD; EI = energy intake.

* Means significantly different from control condition (p = 0.01, d =-1.28).
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carbohydrates and less protein on the exercise than the control condition (CHO: 53 +
5% vs. 49 £ 7%; Protein: 14 £ 3% vs. 16 = 4%). Conversely, there were no main or
interaction effects for fat intake (p > 0.05). Post hoc analysis demonstrated that only the
inactive group consumed less protein during the exercise than the control condition
(mean difference = -3%; 95% CI -4 to -1%, p = 0.005, d = -1.00) and a trend for higher
carbohydrate consumption during the exercise compared to the control condition (mean
difference = 5%; 95% CI 0 to 10%, p = 0.107, d = 0.94) No other differences were

observed in the inactive and active group.

Table 5.4 Daily macronutrient intake

Active Inactive

Protein Fat CHO Protein Fat CHO

Exp. Ex. 14%3 3512 51£13 169 35+10 498
day (%)
Con. 185  38%12 4412  15+4 3812 47+14

Dayl Ex. 15+4  33+8  52+10  12%2  39+20 49%19
(%)
Con. 144  32%5 543 165 3211 5214

Day2  Ex. 16+3 3511 49x11 13+4  31x4  56=%8
(%)
Con. 166 377  47%8 15+4  37x7  48%7

Day3  Ex. 15+3 289  57%8 13£5  30+6 574
(%)
Con. 19+9  33£10 48+15  18+5 3314 49+14

N=8 for active and N=7 for inactive; values presented as mean = SD. Exp. =

experimental; Ex. = exercise condition; Con. = control condition; CHO = carbohydrates.

144



49-B 1 OO

= 1* 813
1 11 < $ 1
"&. + 183- 813 o 1(3-F 110 )i
"1 +" 13- 813 &1& "1&3-F 110 ?#
"1. + &""3 813 &* .83-F 110 # $
"(+.83-813 (. .("3-F 110 N ", +"1/3- 813
&18 "."3-F 110 A % $
! "*( + /&3- 813 &1 & /3-
F 110 )i nro4 *7(3- 813 & *
1**3- F 110 2% "(+../3 813 "1 " .3-F 110
# $ "&.(+ &//3-813 "(83-F 110 S 4
".* + .8&3- 813 "t . 3-F 110 A4
< $
4 .8 1&4 * 1&#
( 14 $ 4 1* At 88 &
< ! !
$ */ >t $ 1 "&+1/83-813
4 1 (3t I "8/ + & 183- 813 *1 & 3t "F 110
F#

&*1



800 - OActive

Olnactive
700 -
600 -

500 -

400 -
300 -

200 - ¢

Energy compensation (%)

" e

—
=)
=]
1
H

Figure 5.4 Percentages of energy compensation (N=8 for active and N=7 for inactive;
means + SEM); Exp. = Experimental. Dashed line indicates complete compensation

(100%) of the exercise-induced energy expenditure.
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suggest that 60 minutes of moderate-intensity cycling has no effect on hunger

irrespectively of sex or habitual physical activity.

Energy intake during the ad libitum lunch meal did not differ between conditions or
groups. This finding supports previous research that has consistently reported no
difference in energy intake at the first meal after exercise in active (Finlayson et al.,
2009; Hagobién et al.,2012; Lluch et al., 1998; Lluch er al., 2000; Larson-Meyer et al.,
2012) and inactive women (George & Morganstein, 2003; Maraki ef al., 2005; Reger et
al., 1984; Tsofliou et al., 2003; Unick et al., 2010). After adjusting for the energy
expended during the exercise/rest period, the active group had a lower lunch REI after
exercise than control, a finding observed in previous research with active women (Lluch
et al., 1998; Lluch et al., 2000). In contrast with previous findings (Maraki et al., 2005;
Unick et al., 2010), there was no difference in the inactive group lunch REI in the
exercise and control condition but this discrepancy in results could be attributable to
differences in participant characteristics and mode of exercise. This finding suggests
that in the present study active participants had a higher exercise-induced energy deficit
than inactive participants. This can be explained by the lower energy expended by the
inactive group during the 60 min of exercise, however, the difference of the net
exercise-induced energy expenditure between groups (320 kJ) does not account for all
the difference between the exercise-induced energy deficit after lunch (623 kJ). The
remaining difference can only be explained by changes in energy intake at the ad
libitum lunch. Therefore, these results suggest that it is more difficult to attain and
maintain a substantial exercise-induced energy deficit in inactive participants due to

their lower energy expended during exercise and partial compensation during the ad
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libitum lunch meal, which, in this study, accounted for approximately 47% of their net

exercise-induced energy expenditure.

Total daily energy intake remained unaffected by exercise suggesting that contrary to
men (chapter 4) there were no compensatory responses to an acute bout of moderate-
intensity cycling in these women. These findings support previous studies that have
reported no differences in energy intake after exercise and rest during the 24 h of the
experimental day in active (Lluch et al., 1998) and inactive women (Maraki et al.,

2005). One study has reported no effects of 30 and 60 min of continuous moderate-
intensity (50% of VO:max) Walking/jogging and 30 min of intermittent treadmill exercise
with 1 min at high-intensity (70% of VOZmax) alternating with 3 min at moderate-

intensity (40% of VO,msx) on energy intake over two days (Reger et al., 1984).

Additionally, Pomerleau et al. (2004) indicated that there were no effects of moderate-

intensity (40% of VObmax) and high-intensity (70% of VO2max) walking on energy intake
during the three days after exercise. Of note is that, Reger et al. (1984) study did not
control for participants menstrual cycle, premenstrual symptoms and testing day of the
week with experimental days being conducted between 5 to 9 days apart and Pomerleau
et al., (2004) only examined active women. Since energy intake in the present study was
observed during the remainder of the experimental day and subsequent three days under
more controlled conditions in active and inactive women, it provides evidence that, over

this period of time, there were no exercise-induced delayed compensatory responses.

Similarly to energy intake, the calculated percentages of energy compensation for the
different time periods in this study did not indicate any compensatory responses during
or after the experimental day. Nevertheless, with the exception of day two after the

experimental day (Figure 5.5: panel D), the 95% confidence intervals of the active
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group are narrower than the ones of the inactive group a finding consistent with findings
from chapter 4. This gives support to a possible tighter control of energy intake in active

than inactive participants.

The inactive group consumed less energy from proteins over the four days of the
exercise than the control condition that occurred with a trend for higher carbohydrate
consumption' during the exercise compared to the control condition. This could be
explained by a motivation of inactive participants to seek specific foods to restore
energy stores or preferences for tastes related with certain nutrients that would normally
be associated with the carbohydrates needed to replenish the glycogen stores (Blundell
et al., 2003). The ability of an acute bout of exercise to improve psychological
wellbeing (Deslandes et al., 2009; Fox, 1999; Yeung, 1996) could also be related with
changes in protein intake as lower energy intake of protein during the early follicular
phase of the menstrual cycle (period over which the experimental studies were
completed) has been associated with higher ratings of wellbeing in healthy women not

taking oral contraceptives (Johnson et al., 1995).

Total energy expenditure and physical activity energy expenditure during the free-living
was greater in active than inactive participants, however, there were no differences
between conditions suggesting that both groups maintained their physical activity.
These results agree with findings from the previous chapter in men suggesting an acute
bout of moderate-intensity cycling does not elicit compensatory changes in daily
physical activity energy expenditure in premenopausal women not using hormonal

contraceptives.
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Table 5.6 Body mass and water consumption on the experimental days

Active Inactive
Exercise Control Exercise Control
Body mass (kg) - start 61.1+5.6 61.1£5.5 61.1+£4.3 60.6 4.2
Body mass (kg) - end 61.0£5.6 61.0%5.5 61.0+44 60.6+4.2

Water consumption (mL) 538 +£325 452 £ 271 510+ 374 308 £+ 248

N=10 per group; values presented as mean =+ SD.

5.5.4 Environmental temperature and humidity

There were no condition (exercise vs. control: 21.2 £ 2.6 °C vs. 22.0 £ 3.5 °C, p = 0.31),
group (active vs. inactive: 21.5 £ 2.7 °C vs. 21.7 + 3.4 °C, p = 0.86) or interaction
effects (p = 0.35) for temperature. Likewise there were no condition (exercise vs.
control: 33.8 £ 9.5% vs. 33.1 £ 8.1%, p = 0.65), group (active vs. inactive: 34.3 + 7.5%

vs. 32.3 + 9.4%, p = 0.46) or interaction effects (p = 0.11) for humidity.

5.5.5 Subjective ratings of hunger

There was a main effect of time (p < 0.001) for hunger ratings but there were no
interactions or other main effects (p > 0.05) (Figure 5.7). Differences in hunger ratings
were also evaluated using AUC values for the time before and after breakfast (08:45-
09:00), the following hours until lunch (09:00-12:00), and the time before and after
lunch (12:00-12:20). There was a main effect of time (p < 0.001) for hunger AUC

values but no interactions or other main effects (p > 0.05).
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Figure 5.7 Subjective feelings of hunger (n=10 per group; means + SEM). Hatched
rectangles are consumption of meals; dark rectangle is equivalent to the 60 minutes

cycling period.

5.5.6 Ad libitum lunch energy intake

The energy intake at the ad libitum lunch meal for active and inactive participants on
both experimental days is presented in table 5.7. There was only a condition (p = 0.033,
d = -1.30) effect for absolute energy intake at the ad libitum lunch (exercise vs. control:
3363 + 668 kJ vs. 3035 £+ 752 kJ), however, post hoc tests did not show any difference
for the active (mean difference = 437 kJ; 95% CI -17 to 890 kJ, p = 0.069, d = 0.54) and
inactive (mean difference = 222 kJ; 95% CI -187 to 631 kJ, p = 0.275, d = 0.42) groups.
After adjustment of absolute energy intake for the energy expended during the 60 min

of exercise/rest (relative energy intake, REI), there was a condition effect (F(1,18) =
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19.723; p < 0.001, d = -1.00) with a lower REI in the exercise than the control condition
(2019 + 746 kJ vs. 2710 + 712 kJ). Post hoc analysis demonstrated a difference in
relative energy intake between conditions in the active (mean difference = -641 kJ; 95%
CI-1124 to -158 kJ, p=0.019, d = -0.76) and inactive (mean difference = -742 kJ; 95%

CI-1203 to 280 kJ, p=0.007, d =-1.39) groups.

Table 5.7 Ad libitum lunch meal energy intake

Active Inactive
Absolute EI Exercise condition (kJ) 3621 + 853 3108 +£342
Absolute EI Control condition (kJ) 3184+ 841 2886 = 706
Relative EI Exercise condition (kJ) 2234 + 938* 1804 £ 379**
Relative EI Control condition (kJ) 2875 £+ 828 2546 +£ 701

N=10 per group; values presented as mean + SD; EI = energy intake.
* Means significantly different from control condition (p = 0.019, d =-0.76).
** Means significantly different from control condition (p = 0.007, d =-1.39).

5.5.7 Daily energy intake

Daily energy intake for both groups is shown in figure 5.8. One participant in the
inactive group did not complete the full four-day food diary, therefore analyses were
made with 10 active and 9 inactive participants. There was a time (p = 0.003) and group
(p = 0.036) effect and a trend for a condition x group x time interaction (p = 0.056) for
daily energy intake. Pairwise comparisons showed that energy intake was greater on the

experimental days (10180 = 1670 kJ) compared to the subsequent first (8535 = 2511 kJ,
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5.5.8 Daily macronutrient intake

Daily macronutrient intake for both groups is shown in table 5.8. There were no main or
interaction effects for the percentage of energy consumed from protein, fat and
carbohydrate (p > 0.05) but there was a trend for condition x group interaction for
energy consumed from fat (p = 0.055, d = -1.35). Post hoc analysis demonstrated that
only the active group consumed less fat in the exercise than the control condition (mean
difference = -6%; 95% CI -11 to -2%, p = 0.012, d = -1.10). No other differences were

observed in the inactive and active group.

Table 5.8 Daily macronutrient intake

Active Inactive
Protein Fat CHO Protein Fat CHO
Exp. Ex. 19+10 32+£12 49 + 15 19+6 32+9 49 + 12

day (%)
Con. 14+4  34+13 52+11  16+4  36+8 48+9

Dayl  Ex. 16+5 33+14 51+12 165 368 48x10
(%)
Con. 14+5 3511 51+12 1745  35+10 4811

Day2  Ex. 18+7 328  50+8 166  34+12 507
(%)

Con. 15+4  34+8  51%8 163  31+8 53x10
Day3  Ex. 185  28%7  54%7 15£6  34+12 51%9
(%)

Con. 165  38+5  46%8 15£5  32+6 53%9

N=10 for active and N=9 for inactive; values presented as mean + SD. Exp. =

experimental; Ex. = exercise condition; Con. = control condition; CHO = cérbohydrates.
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5.5.9 Percentage of energy compensation

Percentages of energy compensation are presented in figure 5.9 and their 95%
confidence intervals in figure 5.10. There were no compensatory responses for the
active group at the ad libitum lunch (43 £ 67%; 95% CI - 3 to 88%; Figure 5.10: panel
A), the end of the experimental day (109 + 208%; 95% CI - 32 to 250%; Figure 5.10:
panel B) or subsequent day one (53 + 346%, 95% CI - 182 to 287%; Figure 5.10: panel
C), day two (-91 £ 293%; 95% CI - 289 to 107%; Figure 5.10: panel D) or day three (34
+ 267%; 95% CI - 147 to 215%; Figure 5.10: panel E) after the experimental day.
Conversely, there was a negative compensation in the inactive group on the first day
after the experimental day (-176 £ 150%, 95% CI - 278 to -74%; Figure 5.10: panel C)
but no other compensatory responses at the ad libitum lunch (16 + 67%; 95% CI - 30 to
61%; Figure 5.10: panel A), the end of the experimental day (-49 + 216%; 95% CI - 196
to 98%; Figure 5.10: panel B) or subsequent day two (161 + 371%; 95% CI -91 to
413%; Figure 5.10: panel D) or day three (1 £ 253%; 95% CI -171 to 173%;
Figure 5.10: panel E) after the experimental day. There were no group differences for
the percentages of energy compensation for the ad libitum lunch (p = 0.63, d = 0.42),
experimental day (p = 0.08, 4= 0.78), day one (p = 0.053, d = 0.90), day two (p = 0.21,
d = -0.80) or day three (p = 0.40, d = 0.13) after the experimental day. The cumulative
percentage of energy compensation over the four days was also not different (p = 0.32,
d = 0.26) between the active (104 + 718%; 95% CI -383 to 592%) and inactive (-62 %

631%; 95% CI -494 to 366%) groups (Figure 5.10: panel F).
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5.5.10 Daily energy expenditure

There was only a group effect (F(1,18) = 15.817; p = 0.001, d = 1.63) for total free-
living energy expenditure, indicating that active participants expended more energy than
inactive over the course of the three days (mean difference = 1573 kJ; 95% CI 597 to
2548 kJ). There were no other main effects or interactions (p > 0.05) for free-living
energy expenditure. Likewise there was only a group effect (F(1,18) = 21.763; p <
0.001, d = 1.73) for physical activity energy expenditure, indicating that the active
group was more active than the inactive group (3639 + 787 kJ vs. 2363 + 767 kJ) over

the 3 days after the experimental days (Figure 5.11).
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Figure 5.11 Daily physical activity energy expenditure (n=10 per group; means +
SEM).
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5.6 Discussion - Women taking oral contraceptives (Study 3)

To the author's knowledge, the present study is the first to examine the effects of an
acute bout of moderate-intensity aerobic exercise on immediate and subsequent three-
day energy intake and expenditure in active and inactive women taking oral
contraceptives. The main finding arising from this study is that exercise did not elicit
changes in energy intake over the four days in active participants and induced a
suppression of energy intake on the first day after the experimental day in inactive
participants. Additionally, no differences were observed in both groups' physical
activity energy expenditure between conditions suggesting that there were no acute

compensatory changes to physical activity.

In contrast with the previous studies presented within this thesis, there were no
differences between the net exercise-induced energy expenditure in active and inactive
participants in the present study. This occurred despite both groups exercising at the
same relative intensity and is possibly explained by the differences between groups'
acrobic capacity being smaller than expected. There were no changes in body mass
between conditions suggesting that similar to previous studies participants remained in
energy and fluid balance during the period of time between the first and the second
experimental day. Moreover, participants remained in fluid balance during the
laboratory period of the experimental days as no changes were observed in body mass

from the start to the end of the exercise/rest periods.

There were no differences in subjective hunger ratings either between groups or
conditions in this study. This finding is in agreement with studies one and two of this

thesis and recent studies with active (Finlayson et al., 2009) and inactive women (Unick
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et al., 2010). As previously discussed, the relationship between exercise intensity and

hunger has not been consistently reported in women therefore it is difficult to ascertain

if this finding is attributable to the moderate exercise intensity (=50% of VOzmax) used
in this study. This is reinforced by the different outcomes of studies using cycling (King
et al., 1996), running (Reger ef al., 1984) and a combination of aerobic and resistance
exercise (Maraki ef al., 2005) suggesting that, in women, the acute effect of exercise on

hunger may also be determined by the type of exercise undertaken.

There was an overall condition effect on energy intake at the ad libitum tunch meal that
was greater during the exercise than the control experimental day. However, this
difference was not visible when differences were calculated for each group with only a
trend being demonstrated in the active group. This may be explained by exercise-
induced changes in the hedonic response to food, a finding reported in a previous study
suggesting that active lean women who are prone to increase their energy intake have an
increased implicit wanting for, and perceived palatability of, food (Finlayson et al.,
2009). Nevertheless, adjustment of energy intake for the energy expended during the
exercise/rest period showed that both groups had a lower REI after exercise than
control, suggesting that, similar to previous research in active (Pomerleau et al., 2004)
and inactive women (Unick ef al., 2010), participants maintained a short-term negative

energy balance.

In this study, there were no differences in energy intake during the remainder of the
experimental day or subsequent three days in the active group a finding consistent with
the only study (to the author's knowledge) examining the effects of exercise on

subsequent three days energy intake (Pomerleau et al., 2004). Conversely, the inactive
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group had a lower energy intake on the first day after the exercise experimental day
compared with control and no other differences in the remaining days. This is a novel
finding and is consistent with the study in men (chapter 4) as despite its large associated
confidence intervals, the mean percentages of energy compensation suggest a
suppression of energy intake in the first two days after exercise before the compensation
on the third day. In the present study the mean percentages of energy compensation for
the experimental day and subsequent two days have a similar pattern to study 1 as the
values suggest that the active group entirely compensated on the experimental day and
the inactive participants had a substantial positive compensation on the second day after
the experimental day. These suggestions were, however, not confirmed with statistical
significance so it is possible that this study was not able to detect these differences in

energy intake due to lack of statistical power.

There were no differences between daily macronutrient intake in the exercise and
control condition in the inactive group. However, the active group consumed less
energy from fat over the four days of the exercise than the control condition, which is
possibly explained by being more motivated to eat foods associated with restoring the
expended energy (Blundell e al., 2003). Total energy expenditure and physical activity
energy expenditure during the free-living period of the study were not different between
conditions suggesting that both groups maintained their physical activity. These results
agree with findings from the previous studies suggesting that as in men, and women not
using hormonal contraceptives an acute bout of moderate-intensity aerobic exercise
does not elicit compensatory changes in daily physical activity energy expenditure in

premenopausal women taking oral contraceptives.
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In summary, this study demonstrated that an acute bout of moderate-intensity aerobic
exercise did not increase hunger or energy intake at the meal immediately after exercise,
and induced a decrease in lunch relative energy intake after exercise in both groups.
There were no differences in active participants' daily energy intake over the four days
whereas the inactive group decreased their daily energy intake on the first day after the
exercise experimental day compared to control suggesting a delayed exercise-induced
suppression of energy intake. Moreover, there were no compensatory changes in daily
physical activity energy expenditure. These findings provide information about the
effects of exercise on the immediate and delayed energy intake and expenditure in
active and inactive women taking oral contraceptives and support the use of moderate-
intensity aerobic exercise as a method to induce a short-term negative energy balance,

particularly in inactive women.
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Most studies that have examined the effect of chronic exercise on energy intake for one
to two weeks support that men can partially compensate for the exercise-induced energy
expenditure by increasing energy intake (Staten, 1991; Stubbs et al., 2004b; Whybrow
et al., 2008). Based on these findings, it could be hypothesised that a possible increase
in energy intake towards a full or at least higher percentage of energy compensation
would occur during subsequent weeks, however, studies examining this relationship
with exercise interventions lasting from 6 to 12 weeks did not observe any
compensatory increases in energy intake (Broeder ef al., 1992; Caudwell ef al., 2013a;
Caudwell ef al., 2013b; Martins et al., 2007b). This tendency for a lack of an effect of
chronic exercise on energy intake has also been consistently reported in long-term (> 4
months) exercise intervention studies (Donnelly et al., 2003; Frey-Hewitt et al., 1990;
Van Etten ef al., 1997; Westerterp et al., 1992). Nevertheless, it is important to consider
that some studies did not provide clear definitions of participants' activity status
(Broeder et al., 1992; Caudwell et al., 2013b; Staten, 1991; Stubbs ef al., 2002a; Stubbs
et al., 2004b; Van Etten et al., 1997; Whybrow et al., 2008), did not supervise exercise
sessions (Martins et al., 2007b), assessed energy intake through a food-frequency
questionnaire (Drenowatz et al. 2012), and were not specifically designed to investigate
the effects of chronic exercise on energy intake (Broeder et al., 1992; Leon et al., 1979),

limiting the interpretation of findings.

In contrast, studies examining the effects of exercise intervention on non-exercise
physical activity are equivocal. Some studies have reported exercise to induce decreases
in non-exercise energy expenditure (Colley et al., 2010; Goran & Poehlman, 1992;
Manthou et al., 2010; Meijer ef al., 1999; Meijer et al., 2000; Morio ef al., 1998; Wang

& Nicklas, 2011), whereas others reported no changes (Church et al., 2009; Hollowell
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et al., 2009; Keytel et al., 2001; Turner et al., 2010; Van Etten ef al., 1997), an increase
(Hunter et al., 2000; Racette er al., 1995) and even mixed findings between groups
(Manthou et al., 2010; Meijer et al., 1991; Rosenkilde et al., 2012). Differences may be
‘ explained by participants characteristics (e.g. age), exercise characteristics (e.g.
intensity), and different measurement methods (e.g. accelerometers vs. physical activity
diaries). Regarding the latter, several of the above studies have assessed physical
activity through physical activity diaries (McLaughlin ez al., 2006; Manthou et al.,
2010; Morio et al., 1998; Racette ef al., 1995) which have questionable validity and

reliability in the assessment of energy expenditure (Andre & Wolf, 2007).

There is a clear need to investigate the chronic effects of exercise on energy intake and
physical activity energy expenditure with improved measurement methods. To
overcome some of the limitations of previous research, this study examined the effects
of a supervised moderate-intensity 12-week exercise intervention on 7-day energy
intake and expenditure using weighed food diaries and Actihearts, respectively.
Additionally, this study only examined inactive men because physical inactivity is a
major risk factor for the development of diseases such as obesity and increased
mortality from all causes (Haskell er al., 2009), and the difficulties of controlling the
variables such as menstrual cycle, premenstrual symptoms and use of hormonal

contraceptives.
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6.2 Methods

6.2.1 Participants

This study was advertised as a 12 week exercise intervention to help people become
more active and examine the relationship between exercise, genetics and mood. This
was the case because participants were also taking part in a separate genotyping study
which was not part of this PhD thesis. As an incentive the advert mentioned that after
successful completion of the study participants would receive a 3 months free gym
membership. Seventy-eight participants requested more information about the study
from which sixty-nine maintained interest. Twelve participants met the inclusion criteria
for the study but one participant withdrew from the study because he was not willing to

follow protocol, therefore, only a total of 11 inactive men completed the study

(Figure 6.1).
People contacted directly
N=6
Not Interested Requested study information People requested information afler sceing adverts
N=0 N=6 N=72
{ T ]
People that received participant information sheet
N=78
Lost Interest Maintained interest
N=9 N=69
Did not mect inclusion criteria Mect inclusion criteria
N=57 N=12
Dropouts Completed study
N=1 N=11

Figure 6.1 Consort diagram of the study.
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6.2.3 Eating behaviour and food cravings

Participants were asked to complete the revised version of the Three-Factor Eating
Questionnaire (TFEQ-R18) (Karlsson et al., 2000 - Appendix 6) at the preliminary and
post-intervention visits to assess if there were any changes in three aspects of eating
behaviour, namely their cognitive restraint (conscious restriction of food intake in order
to control body mass), uncontrolled eating (tendency to eat more than usual due to a
loss of control over intake accompanied by subjective feelings of hunger) and emotional
eating (inability to resist emotional cues). Participants' food cravings over the previous
month were also measured at the preliminary and post-intervention visits using the
validated Food Craving Inventory (FCI) (White et al., 2002). This is important because
food cravings have also been implicated as an important factor influencing appetite
control (Burton et al., 2007; Gilhooly et al., 2007; Martin ef al., 2008). The FCI is a 28-
item self-report measure of general and specific food cravings scored on a 1-5 Likert
scale (1 = Never, 5 = Almost every day). It consists of four subscales:
carbohydrates/starches (8 items), fast-food fats (4 items), high-fat foods (8 items), and

sweets (8 items) and defines food craving as an intense desire to consume a particular |
food (or food type) that is difficult to resist (White et al., 2002). According to the same
authors this definition adopts the perspective that food craving is an internal experience
with cognitive and emotional (drive or motivational) properties. Additionally, the
subscales of this inventory have shown that obese and non-obese participants differ
across specific subscale scores but not in total scores (White et al., 2002). For the
present study, the FCI was modified slightly with substitution of typically American
foods with English equivalents (e.g., replacing "hot dogs" with "sausage rolls") that
contained similar macronutrient content. This ensured that the composition of each

subscale remained unaffected. Total craving score was calculated as the mean of all
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food items scores and the specific craving score as the mean score for the food items

included in that subscale.

6.2.4 Resting heart rate and arterial blood pressure

Resting heart rate and arterial blood pressure were measured during the health screening
by a calibrated oscillometric blood pressure monitor (Dash 2500, GE Healthcare,

Finland) as mentioned in section 3.4.

6.2.5 Blood analyses

Finger prick capillary blood samples were collected after a 10 hour overnight fast and
analysed with an enzymatic peroxidase dry chemistry method (Cholestech LDX
System) to determine plasma total cholesterol (TC), high density lipoproteins (HDL),
low density lipoproteins (LDL), non-high density lipoproteins (Non-HDL), triglycerides
and glucose concentrations. The Cholestech LDX analyser has been previously
validated (Carey et al., 2006; Santee, 2002) with comparisons made against laboratory
analysis showing correlations of 0.91 for TC, 0.77 for HDL-C, 0.88 for LDL-C and 0.98
for triglycerides (Parikh et al., 2009). This method has a range of detection for TC
(2.59-12.9 mmol/L), HDL-C (0.39-2.59 mmol/L), triglycerides (range 0.51-7.34
mmol/L), and glucose (range 2.78-27.8 mmol/L). LDL and Non-HDL are calculated

from previous values as follows:

LDL = (TC) - (HDL) - (triglycerides + 5)

Non-HDL = TC - HDL
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6.2.6 Anthropometric measurements

Stature, body mass, waist and hip circumferences and body composition via a
bioelectrical impedance analyser (InBody720, Derwent Healthcare Ltd, Newcastle upon

Tyne, UK) were measured according to the procedures described in section 3.3

6.2.7 Astrand-Rhyming cycle ergometer test

As described in section 3.8.3, participant's maximum oxygen consumption was

estimated using the Astrand-Rhyming submaximal cycle ergometer test (Astrand &
Rhyming, 1954). This test was chosen because of its applicability to men of various

ages who are not used to exercising and to reduce the overall risk involved in this study.

6.2.8 7-day free-living energy intake

Participants were instructed to weigh and record all items of food and drink consumed

both at home and outside the home in food diaries, as described in section 3.14.

6.2.9 7-day free-living energy expenditure

Free-living energy expenditure for the seven days was estimated using an Actiheart

(Cambridge Neurotechnology, Cambridge, UK) as described in section 3.15.

6.2.10 Exercise intervention

All supervised sessions were undertaken by the researcher at the Centre for Sports and

Exercise Science (CSES) exercise suite based at Collegiate Hall. During the exercise
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intervention, participants exercised for one hour a minimum of three times per week.
Each session involved a 5-10 minute warm-up period, a 40 minute main exercise period
at approximately 50-60% of heart rate reserve (HRR) and a 5-10 minute cool down
period. Energy expended by each participant during the exercise sessions was estimated
at week 1 and week 12 of the intervention using Keytel er al. (2005) heart rate

prediction equation as follows:

EE (kJ/min) = -59.3954 + sex x (-36.3781 + 0.271 x age + 0.394 x body mass + 0.404

x VOamax + 0.634 x HR) + (1 - sex) x 0.274 x age + 0.103 x body mass + 0.380 x V

O2max + 0.450 x HR) [In this equation sex = 1 for men and 0 for women]

This equation improves on previous heart rate predictive equations (Hiilloskorpi ef al.,
1999; Rennie ef al., 2001) by allowing adjustment for age, sex, body mass and fitness.
In Keytel ef al., (2005) study this equation had a correlation coefficient between the
measured and estimated energy expenditure of 0.913 and accounted for 83.3% of the
variance in energy expenditure. To test the validity of this equation in a sample of
inactive individuals, the author compared the exercise energy expenditure measured by
indirect calorimetry for thek15 inactive participants of study 1 of this thesis with the
predicted energy expenditure calculated with this equation. In this sample, the predicted
energy expenditure underestimated the measured energy expenditure by a mean
difference of -55.9 + 406.1 kJ (-4.7 £+ 23.6%) and had a Pearson correlation coefficient

of 0.811.

It is important to note that each participant's exercise intensity and mode were also

altered according to the participant's rating of perceived exertion and general feedback
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(e.g. "Exercise is really easy but I feel a little bit of tightness in my calves").
Participants could choose to exercise on a treadmill, cycle ergometer, rower and
elliptical ergometer. For the first three weeks participants completed three sessions per
week, and thereafter these could increase to a maximum of four supervised sessions per
week subject to the participant's choice. As the study progressed participants were
encouraged to undertake unsupervised sessions to facilitate the transition from a
supervised environment (during the study) to an unsupervised one (after completion of
the study), however these were optional. These sessions were also undertaken when
work or other commitments did not allow participants to attend the three sessions at the
CSES exercise suit. For these sessions the researcher gave participants a heart rate
monitor and a session plan for them to undertake in their own time. This required
participants to input the day, time, type, duration and intensity (i.e. mean heart rate
during each bout of exercise as displayed on the heart-rate monitor) of all exercise

undertaken in the session plan sheet.

6.2.11 Statistical analyses

Sample size estimation was not undertaken because, to the author’s knowledge, no
published study has reported free-living energy intake and expenditure solely in inactive
men after an exercise intervention of a similar duration. Regardless, as many
participants were recruited and completed the study as possible within the time

constraints of completing the PhD.

Data were analysed using the Statistical Package for the Social Sciences software for
windows (SPSS 19.0, Chicago, IL, U.S.A.). Paired t-tests compared estimated exercise

energy expenditure, mean exercise heart rate and rating of perceived exertion, body
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composition, resting heart rate, arterial blood pressure, estimated maximum oxygen
consumption, metabolic profile (total cholesterol, HDL, non-HDL, triglycerides, LDL,
and fasting glucose), cognitive restraint, unrestrained eating, emotional eating, and food
cravings before and after the exercise intervention. Two-way repeated measures
ANOVA (Intervention x Time) compared energy intake, macronutrient intake and
energy expenditure before and after the exercise intervention (Intervention effect) over
the 7 days (Time effect). Cohen's d (standardised mean difference) effect sizes were
calculated by dividing the difference between means by the pooled standard deviation
thus reflecting differences expressed in standard deviation units. According to Cohen’s
(1988) guidelines, effect sizes may be conservatively interpreted as small (0.2), medium

(0.5), and large (0.8) effects.
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6.3.2 Compliance and exercise energy expenditure

A diagram with information of the total number of exercise sessions that were
completed as supervised, unsupervised or not undertaken is presented in figure 6.3.
Individual compliance with the exercise sessions (supervised and unsupervised) was
overall good with eight participants having 100% attendance, two participants 97% and
one participant 81%. However, it is important to note that half of the unsupervised
sessions were undertaken by only two participants that changed residences within the
first two weeks of their exercise intervention. The new residences were an hour away
from the CSES exercise suit by public transport making onsite exercise sessions
logistically and financially challenging. This meant that contrary to most participants
(n=9) that had sporadic unsupervised sessions these two participants had a very high

percentage of unsupervised sessions (75% and 92%, respectively).

Total number of exercise sessions

N=410
v A 4 A4
Total numl?er of sgpervised Total numbt?r of un§upervised Total nur.nber of'missed
exercise sessions exercise sessions exercise sessions
N=279 N=122 N=9
(68%) (29.8%) (2.2%)

Figure 6.3 Diagram with total number and percentages of exercise sessions supervised,

unsupervised and missed.
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The mean heart rate, rating of perceived exertion and estimated energy expenditure
during the exercise sessions in week 1 and week 12 are summarised in table 6.2. Mean
exercise heart rate (p = 0.031, d=0.41) and RPE (p = 0.036, d = 0.29) were higher in
week 12 than in week 1 but there were no differences between the mean individual (p =
0.646, d = 0.42) or total weekly (p = 0.370, d = 0.42) exercise energy expenditure

between the first and last week of the exercise intervention.

Table 6.2 Heart rate, ratings of perceived exertion and estimated energy expenditure of
exercise sessions

Week 1 Week 12
Mezfn heart rate of exercise 144+ 6 146 + 6
sessions (bpm)*
Mean RPE of exercise 13.1£1.0 13.4 £ 0.9
sessions
Mean energy expenditure

. . 2477.8 £220.1 2526.6 + 463.4

of exercise sessions (kJ)
Total exercise energy 7433 .4 £ 660.3 7880.6 + 2060.6

expenditure of week (kJ)

N=11 per group; values presented as mean + SD. RPE= Rating of perceived exertion.

* Significant mean change (p < 0.05)

6.3.3 Anthropometric measurements

Mean group changes in the anthropometric measurements (from baseline to after the
exercise intervention) are presented in figure 6.4. The 12-week exercise intervention
induced reductions in body mass (mean difference =-1.6 + 1.7 kg; p=0.011, d=-0.11),

BMI (mean difference = -0.4 + 0.4 kg'm™; p = 0.008, d = -0.12), waist circumference

185



(mean difference = -3.8 = 2.8 cm; p = 0.001, d = -0.42), hip circumference (mean
difference =-2.2 £ 1.7 cm; p = 0.002, d = -0.22), body fat (mean difference =-1.1 + 1.4
kg; p =0.025, d=-0.14) and percentage of body fat (mean difference =-1.1 £ 1.5%; p =
0.038, d = -0.16). No changes were observed in skeletal muscle mass (SMM) (mean
difference = -0.4 = 1.0%; p = 0.274, d = -0.07), percentage of SMM (mean difference =
0.5 + 1.0%; p =0.157, d = 0.12) or visceral fat area (mean difference =-1.1 £ 1.5%; p =

0.823, d=-0.01).
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When assessing changes in body mass, body fat and SMM individually a large
individual variation was observed (Figure 6.5). Individual changes from baseline to 12
weeks in body mass, body fat and SMM ranged from -5.2 to +1.2 kg, -3.3 to +1.9 kg

and -2.4 to +1.0 kg, respectively.

1 4
“ —‘ mBody mass
0 | N

§ Iﬂﬂl L] [ =

Change from baseline to 12 weeks (kg)

Figure 6.5 Individual changes in body mass, fat and skeletal muscle mass (SMM) in
response to the 12 weeks exercise intervention. Each grouped three histograms

represents values for one participant.

6.3.4 Resting heart rate, arterial blood pressure and cardiopulmonary

fitness

Participants’ resting heart rate, arterial blood pressure and estimated maximal oxygen

consumption (VOzmax) at baseline and after 12 weeks are presented in table 6.3. Resting

diastolic blood pressure decreased (p = 0.021, d = -0.64) with the exercise intervention
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whereas VOzmax increased (p = 0.001, d = 1.05). There were no differences between
baseline and post-intervention values for resting heart rate (p = 0.657, d = -0.16) and

systolic blood pressure (p = 0.186, d=-0.27).

Table 6.3 Resting heart rate, arterial blood pressure and maximal oxygen consumption.

Baseline After intervention
Resting heart rate (bpm) 58+ 10 57+8
Resting systolic blood pressure 120 + 8 118 + 8
(mmHg)
Resting diastolic blood pressure 70+ 7 66+ 6
(mmHg)
Estimated VO;pm, (ml/kg/min)** 43.1+74 51.1+8.4

N=11 per group; values presented as mean = SD; VOma = maximal oxygen
consumption; * Means significantly different (p < 0.05); ** Means significantly
different (p <0.01).

6.3.5 Metabolic profile

Participant's fasting plasma total cholesterol (TC), high density lipoproteins (HDL), low
density lipoproteins (LDL), non-high density lipoproteins (Non-HDL), triglycerides and
glucose concentrations before and after the 12 week exercise intervention are presented
in table 6.4. Due to some participants having values outside the range of detection of the
Cholestech LDX, sample size was different for TC and glucose (n=11), HDL and Non-
HDL (n=10), triglycerides (n=8), and LDL (n=7). Fasting total cholesterol (p = 0.034, d

= -0.22) and glucose (p = 0.001, d = -1.22) were greater before compared with after the
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12 week exercise intervention. There were no differences between baseline and post-
intervention values for HDL (p = 0.146, d = -0.40), non-HDL (p = 0.856, d = -0.02),

LDL (p =0.652, d = 0.11) and triglycerides (p = 0.776, d = -0.09).

Table 6.4 Participants' metabolic profile

Baseline After intervention
Total cholesterol (mmol/L)* 4.30+0.94 4.10+1.02
HDL (mmol/L) 1.18 £ 0.29 1.08 £ 0.25
Non-HDL (mmol/L) 3.19£0.89 3.17+0.93
LDL (mmol/L) 2.98 £0.71 3.05+0.69
Triglycerides (mmol/L) 1.01 £ 0.46 0.97 + 0.38
Glucose (mmol/L)** 5.01+0.35 4.58+0.38

N=11 for Total cholesterol and glucose, N=10 for HDL and Non-HDL, N=8 for
triglycerides and N=7 for LDL; HDL = high density lipoproteins; values presented as
mean £ SD; Non-HDL = non-high density lipoproteins; LDL = low density lipoproteins.
* Means significantly different (p < 0.05); ** Means significantly different (p < 0.01).

6.3.6 Eating behaviour and food cravings

Scores for cognitive restraint, uncontrolled eating, emotional eating, total and specific
food cravings are summarised in table 6.5. There were no differences between baseline
and post-exercise intervention scores for cognitive restraint, uncontrolled eating and
emotional eating scores (p > 0.05). However, there was a trend (p = 0.058, d = 0.68) for

cognitive restraint to be greater after the exercise intervention than at baseline. Total |

food cravings (p = 0.009, d = -1.19) and specific cravings of high-fat foods (p = 0.023, d

190



= -0.90), fast-food fats (p = 0.009, d = -0.71) and carbohydrates/starches (p = 0.009, d =
-0.56) decreased from baseline to 12 weeks. There was also a trend for cravings of
sweets (p = 0.052, d = -0.86) to be lower after the exercise intervention compared to

baseline.

Table 6.5 Eating behaviour and food cravings scores

Baseline . After .
intervention
TFEQ-R18 scores (%)
Cognitive restraint 247115 33.8+16.0
Uncontrolled eating 41.3+17.0 36.0+ 154
Emotional eating 25.3+234 26.3+29.5
FCI scores (1-5 Likert scale)
Total food cravings** 23+04 1.9+ 04
High-fats* 1.9+0.5 1.5+0.4
Fast-food fats** 29+0.7 24+0.8
Carbohydrate/starches™* 23+£0.8 1.9+ 0.7
Sweets 23+0.6 1.9+04

N=11; values presented as mean £ SD; TFEQ-R18 =revised version of the three-factor

eating questionnaire; FCI= food cravings inventory; * Means significantly different (p <

0.05); ** Means significantly different (p < 0.01).
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6.3.7 Energy and macronutrient intake

Daily energy intakes are shown in figure 6.6. There were no intervention (p = 0.326),
time (p = 0.738) or interaction (p = 0.780) effects for energy intake. Similarly, there
were no main or interaction effects for protein, fat and carbohydrate intake (p > 0.05)

(Table 6.6).

B Before intervention
O After intervention
16000 -

14000 -
12000 -
10000 -

8000 F

Energy intake (kJ)

6000 -

4000 -

2000 -

0 1 T T T T T T 1 —
Day 1 Day2 Day3 Day4 Day5 Dayé6 Day 7 7-day
mean
Figure 6.6 Daily and 7-day mean energy intake before and after the 12 week exercise

intervention (n=11; means = SEM).

Table 6.6 Mean 7-day macronutrient intake

Baseline After intervention
Protein intake (%) 159+£23 17.1£3.0
Fat intake (%) 32.3+48 33.1+£6.2
Carbohydrate intake (%) 51.8+5.2 49.8 £ 6.7

N=11; values presented as mean = SD.
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6.3.8 Energy expenditure

Three participants did not have complete 7-day Actiheart data for at least one of the two
measurement periods, therefore analyses were made for 9 participants. There were no
intervention (p = 0.799), time (p = 0.765) or interaction (p = 0.696) effects for energy
expenditure. Likewise there was no main or interaction effects for physical activity

energy expenditure (p > 0.05) (Figure 6.7).

5000 m Before intervention

O After intervention
4500

4000

3500

3000

2500

2000

1500 -

1000 -

Physical activity energy expenditure (kJ)

500 -

0 = T T T T T ] -
Day1 Day2 Day3 Day4 Day5 Day6 Day7 7-day
mean

Figure 6.7 Daily and 7-day mean physical activity energy expenditure before and after

the 12 week exercise intervention (N=9; means = SEM).
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6.4 Discussion

The main finding arising from this study is that 12 weeks of moderate-intensity aerobic
exercise does not elicit changes in 7-day energy intake or expenditure in inactive men.
In addition, the lack of difference between pre- and post-exercise intervention energy
expenditure suggest that participants in this study reduced their activity levels to values
similar to baseline immediately after direct supervision and support was no longer

available.

In the present study, participants' mean maximum oxygen consumption at baseline was
within the normal range for untrained men (Saltin & Astrand, 1967), however, the
values were still greater than anticipated based on the directly measured maximum
oxygen consumption values of the group of inactive men presented in chapter 4. This
difference can be explained by the Astrand-Ryhming submaximal cycle ergometer test
having an error of £15% for untrained individuals (Macsween, 2001), which, as
previously discussed in section 3.8.3, is due to the test underlying assumptions that
there is a linear relationship between heart rate and oxygen consumption, maximum
heart rate at a given age is constant and mechanical efficiency (oxygen consumption at a

given exercise intensity) is the same for everyone.

Consistent with previous research (Broeder et al., 1992; Caudwell et al., 2013a;
Caudwell er al., 2013b), the twelve weeks exercise intervention delivered in this study
induced changes in body composition. The reductions of mean body mass (-1.6 kg) and
mean body fat (-1.1 kg) were modest and did not reach the minimum change (5% of
body mass, i.e. mean change of 4 kg in this sample) necessary to reduce metabolic and

cardiovascular disease risk (Blackburn, 1995; Wing er al., 2011). However, this finding
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can be explained by the moderate-intensity (60% HRR) and frequency (3 to 4 times per
week) of the exercise sessions, the length of the exercise intervention (12 weeks), and
only five participants being classified as overweight or obese at baseline. Participants
mean value for waist circumference at baseline was not indicative of increased health
risk (> 94 cm) (Han ef al., 1995) even when considering the specific optimal waist
circumference cut-point of 87 cm for a body mass index between 18.5 and 24.9 in men
(Ardern et al., 2004). Nevertheless, the reduction in waist circumference (-3.8 cm) is
important because of the association between excess abdominal obesity and increased
risk of mortality, cardiovascular disease, diabetes, insulin resistance and metabolic
syndrome (Katzmarzyk et al., 2006; Klein et al., 2007). Moreover, 12 weeks of
moderate-intensity exercise made other positive changes in health markers such as the
increase in the estimated maximum oxygen consumption and decrease in resting
diastolic blood pressure, total cholesterol and fasting glucose. Together, these findings

reinforce the health benefits of exercising even if reductions in body mass are modest.

The 12 week exercise intervention in this study produced a large inter-individual
variability in changes of body and fat mass, a finding observed in several studies
examining the effects of a 12 week supervised exercise intervention in overweight and
obese men and women (Caudwell ef al., 2009; Caudwell et al., 2013b; King et al.,
2008; King et al., 2009). In the present study, nine participants experienced various
degrees of reduction in body and fat mass, one participant did not have any changes in
body composition and one participant had a substantial increase in body and fat mass
suggesting that compensatory responses may also be highly individual. Nevertheless,
findings for the two latter participants are possibly explained by differences in the

exercise intervention as the participant which did not have any changes in body
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composition consistently reduced the intensity of the prescribed exercise for the
unsupervised sessions (estimated exercise mean energy expenditure of supervised
sessions = 2316 kJ and unsupervised sessions = 1527 kJ) while the participant with
increases in body and fat mass had the highest percentage of unsupervised sessions
(92%). This meant that most of the exercise sessions information was self-reported and
therefore it is possible that these reports were not accurate. The variability of responses
in the remaining nine participants could not be explained by differences in the amount
of supervised and unsupervised sessions or estimated exercise energy expenditure.
Therefore, it is possible that compensatory responses occurred but were not detected in

the present study because of its small sample size and limited statistical power.

No changes were observed in the three-factor eating scores for cognitive restraint,
uncontrolled eating and emotional eating after the 12 week exercise intervention,
however, there was a tendency for participants to have a greater cognitive restraint score
after the exercise intervention compared to baseline. This finding is perhaps
unsurprising as increases in cognitive restraint have been associated with treatments
inducing reductions in body mass (Foster ef al., 1998) such as in exercise (King et al.,
2009) and dietary (Westerterp-Platenga et al., 1998) interventions. Previous findings
make it unclear if this increase in cognitive restraint is due to the treatments or the
reductions in body mass. However, it is possible that by being involved in interventions
that aim to improve their health, participants' become more aware of their lifestyle,
which in turn could increase their control over it. Anecdotally, many participants
described their main motivation to be involved in the study as wanting to become
healthier and/or losing body mass so it is possible that this motivation together with the

exercise itself exerted an increase in their cognitive control over food. In contrast, the
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total food cravings and specific cravings of high-fats, fast-food fats and
carbohydrates/starches scores decreased from baseline to after the exercise intervention.
These findings are in agreement with a recent study suggesting that chronic exercise
training is associated with an attenuated response to visual food cues in brain regions
known to be important in food intake regulation (Cornier ef al., 2012). Additionally,
food cravings have previously been reported to be closely associated with mood, in
particular as an antecedent and as a consequence of the food cravings (Hill ef al., 1991).
Therefore, it is possible that the decrease in food cravings is related to the exercise-
induced improvement in mood observed in this study (data not presented). To the
authors knowledge no study has previously measured general and specific food cravings
before and after an exercise intervention, however, reductions in food cravings have
been previously reported in studies examining the effects of 12 weeks of a low-calorie
and very-low calorie diets on food cravings (Harvey et al., 1993; Martin et al., 2006).
These findings are not universal as Wadden et al. (1997) reported no differences on
intensity of food cravings after 48 weeks of diet alone, diet plus aerobic training, diet
plus strength training, or diet combined with aerobic and strength training. Additionally,
Foster ef al. (1992) did not find any effects of 24 weeks of three very-low-calorie diets
on food cravings, however differences between studies results may be explained by

these two later studies not using a validated measure of food cravings.

Similar to previous studies (Broeder et al., 1992; Caudwell ef al., 2013a; Caudwell et
al., 2013b; Church et al., 2009; Hollowell ef al., 2009; Keytel ef al., 2001; Turner et al.,
2010; Van Etten et al., 1997) there were no changes in energy intake and energy
expenditure after the exercise intervention. However, as previously discussed it is

possible that compensatory responses were present but were not detected due to the
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small sample size and limited statistical power. Of interest is that the energy
expenditure after 12 weeks was similar to baseline, which suggests that most
participants did not continue exercising for the same frequency and intensity after the
end of the study exercise intervention. This is perhaps surprising because it occurred
despite participants being offered 3 months free gym membership and encouraged to
continue their exercise programme independently. This finding would explain why
exercise training studies have not shown a consistent effect on long-term maintenance
of body mass (Fogelholm & Kukkonen-Harjula, 2000; Franz ef al., 2007).

In summary, this study demonstrated that 12 weeks of moderate-intensity aerobic
exercise does not induce changes on weekly energy intake and expenditure in inactive
men at a group level. The inter-individual variability in changes in body and fat mass
that could not be explained by differences in the exercise programme suggests a
presence of compensatory responses that were possibly not detected due to the low
sample size and limited statistical power of the present study. However, individual level
analysis should be interpreted with caution as despite allowing a deeper and richer look
at each individual there is limited control over error rates and conclusions are not
generalizable. Findings from this study also reinforce the importance of exercising for
health improvements even when reductions in body mass are modest. Moreover, data
from this study suggest that some inactive men may not maintain the same volume of
exercise without direct supervision even when having free access to a gym. The use of
other strategies such as behavioural therapy may be needed to help inactive men

maintain their exercise levels after the end of the exercise intervention.
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Chapter 7: General discussion

7.1 Introduction

Appetite and physical activity are investigated because of their influence on energy
balance. Previous research has highlighted the complexity of the psychobiological
systems involved in their control (Blundell, 2011) and examined the influence of factors
such as exercise (Jokisch ef al., 2012; King et al., 2008; Unick et al., 2010). Current
knowledge supports that an acute bout of moderate-intensity exercise does not affect
hunger or subsequent energy intake (Martins ez al., 2008). The research on the effects of
an acute bout of exercise on non-exercise physical activity is limited but suggests that
higher exercise intensities elicit compensatory changes in physical activity (Alahmadi et
al., 2011). Chronic exercise has been reported to induce a partial compensatory
response in energy intake in the short-term (7 to 14 days) (Staten, 1991; Stubbs ef al.,
2004a; Stubbs e al., 2004b; Whybrow et al., 2008), however, these responses have not
been observed over longer periods of time (Caudwell ef al., 2013a; Caudwell ef al.,
2013b; Donnelly et al., 2003; Martins ef al., 2007b). In contrast, the effects of chronic
exercise on physical activity energy expenditure are equivocal (Colley et al., 2010;

Hunter et al., 2000; Rosenkilde ef al., 2012; Turner et al., 2010).

The research presented within this thesis complements current knowledge on the acute
and chronic effects of exercise on appetite and energy expenditure, and provides novel
evidence about how these effects differ according to participant's physical activity and
sex. This chapter will integrate the findings from all the studies presented within this
thesis. The summary of each study design, measurements and findings is presented in

table 7.1
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and inactive (54.0 = 7.5% of VOZmax; 1304 + 248 kJ) women taking oral contraceptives
did not have an effect on hunger in study three. Therefore, findings from the cross-
sectional studies of this thesis suggest that 60 minutes of moderate-intensity cycling has
no effect on hunger irrespectively of sex or habitual physical activity. These findings are
in agreement with previous evidence in men supporting that moderate-intensity exercise
is not sufficient to induce "exercise-induced anorexia" (Jokisch et al., 2012; King et al.,
1997; King et al., 2010b) and provides evidence that, under the same conditions, pre-

menopausal women respond similarly.

The difference in the intensity of hunger ratings irrespective of condition or participants'
habitual physical activity between study two and three was also examined. A three-way
repeated measures ANOVA (study x condition x time) demonstrated that women taking
oral contraceptives had consistently higher hunger ratings during both experimental
days compared with women not using hormonal contraceptives (mean difference = 8
mm; p = 0.049). Considering that there were no differences between participants
baseline characteristics (age, stature, body mass, maximum oxygen consumption) (p >
0.05), mean dietary restraint scores (p > 0.05) and mean premenstrual symptoms (p >
0.05) between the two studies, it is possible that these findings are due to the use of oral
contraceptives. To the authors knowledge only one study (Hagobian et al., 2012)
examining the effects of exercise on appetite and energy intake reported that women
were taking OCs, however comparisons with this study are not possible because hunger
data were not presented. Nevertheless, oral contraceptives have previously been
demonstrated to decrease the basal level of serum cholecystokinin (CCK), a hormone
known for its appetite-suppressing effect, in young healthy women (Hirschberg ef al.,

1996; Karlsson ef al., 1992; Naessen et al., 2007). Oestrogen produced in the stomach
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of moderate-intensity exercise on energy intake while controlling for participants’

physical activity and sex.

In study one, 60 min of moderate-intensity cycling did not change energy intake at
lunch in active men and exerted a non-significant increase (432 kJ) in inactive men. The
percentage of energy compensation at lunch was lower in the active group (14%) than
the inactive (30%). When accounting for the energy expended during the 60 minutes of
exercise/rest, relative energy intake in the exercise condition was lower than the control
condition for both groups. This meant that after lunch active participants were in a
greater energy deficit (-1596 kJ) than inactive participants (-885 kJ), a finding that can
be explained by the combined increase in energy intake by inactive participants (432 kJ)
and the higher energy expended during the 60 min of exercise by active participants

(231 kJ).

Similarly, in study two, moderate-intensity cycling did not elicit any changes and
induced a non-significant increase (425 kJ) in energy intake at lunch in active and
inactive women not using hormonal contraceptives, respectively. In this study, active
and inactive participants compensated for 13% and 47% of the net exercise-induced
energy expenditure, respectively. Relative energy intake decreased after exercise
compared to control only in active individuals thus as in the previous study with men
active participants were in a greater energy deficit (-1023 kJ) than inactive participants
(-392 kJ) after lunch. This finding is explained by the higher energy expended during
the 60 min of exercise by active participants (335 kJ) and the changes in the energy

intake at lunch.
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also explain these findings as this has previously been reported in active lean women
who are prone to increase their energy intake (Finlayson et al., 2009), however this
study did not report if participants took oral contraceptives. It is important to note that
these studies were not designed to detect the underlying mechanisms of these effects
and therefore future research should examine the effects of an acute bout of exercise in
these populations with measurements of physiological markers such as appetite-
regulating hormones, and the use of qualitative approaches to confirm if psychological

drives are present.

As mentioned in the previous section, there were no differences between participants'
baseline characteristics in studies two and three and therefore it is possible that
differences between these studies are due to the use of oral contraceptives. Indeed, as
observed with hunger, two-way repeated measures ANOVAs (study x condition)
demonstrated that participants who were taking oral contraceptives had an overall
greater energy intake (mean difference = 625 kJ; p = 0.022) and relative energy intake
at lunch (mean difference = 596 kJ; p = 0.025). It is possible that this greater energy
intake is associated to the decreased secretion of CCK (in response to a meal) observed

in women 3 months after starting to take oral contraceptives (Naessen et al., 2007).

The low sample size and associated lack of statistical power in studies two and three
mean that these findings should be interpreted with caution. Nevertheless, the well-
controlled design, concurrent interpretation of the results of energy intake at lunch, the
percentages of energy compensation, the energy deficits after lunch, and the
confirmation of a condition effect for energy intake (p = 0.014) when data from the two

studies is analysed together gives more confidence to previous interpretations.
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7.4 Free-living energy intake

From the few studies that have examined the effects of an acute bout of exercise on
subsequent free-living energy intake most have been limited to an observation period of
24 hours (Jokisch et al., 2012; Klausen et al., 1999; Lluch ef al., 1998; Maraki et al.,
2005). Longer observation periods could reveal an exercise-induced compensation in
energy intake at subsequent eating episodes. Therefore, the cross-sectional studies of
this thesis examined the effects of 60 min of moderate-intensity cycling on free-living
energy intake during the remainder of the experimental day and subsequent three days.

Additionally, the high variability observed in exercise-induced reductions in body mass
and fat tissue are believed to be partly due to compensatory responses (King ef al.,
2007). Thus the last study of this thesis (study four) focused on examining the effects of
12 weeks of moderate-intensity aerobic exercise on 7-day free-living energy intake in
inactive men. As previously mentioned, this target population was selected due to
physical inactivity being a major risk factor for the development of diseases such as
obesity (Haskell et al., 2009), and the difficulties of controlling the variables such as

menstrual cycle, premenstrual symptoms and use of hormonal contraceptives.

In study one, 60 min of moderate-intensity cycling induced an increase in active
participant's free-living energy intake during the remainder of the exercise experimental
day compared with control, but no changes were observed in energy intake over the
subsequent three days. In contrast, inactive participants only increased their energy
intake on the third day after exercise experimental day compared with control.
Percentages of energy compensation demonstrated that active participants compensated
for 127% by the end of the experimental day whereas inactive participants compensated

for 172% only on the third day after the experimental day. In contrast, study two did not
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findings. To examine the latter possibility, analyses were conducted after the exclusion
of participants with a mean ratio of energy intake to basal metabolic rate lower than
Goldberg et al. (1991) cut-off of 1.1. Nevertheless, findings from the study effect of this
three-way repeated measures ANOVA (study x condition x time) remained similar

(mean difference = 132 kJ; p = 0.320).

Having examined the effects of an acute bout of moderate-intensity exercise in studies
one, two and three, the focus of this thesis moved towards the investigation of the
chronic effects of 12 weeks of moderate-intensity exercise on 7-day free-living energy
intake. In study four, no changes were observed on weekly energy intake from baseline
to after the exercise intervention, however, the high inter-individual variability in body
and fat mass changes suggested that some compensatory responses may have occurred.
These findings can be explained by the low sample size and limited statistical power of
this study therefore further research is needed to identify these responses. Nevertheless,
results of several health markers measured in this study reinforces the importance of
exercising for health improvements even if only eliciting modest decreases in body

mass.

7.5 Free-living energy expenditure

To the author's knowledge only one study has examined the effects of a single bout of
exercise on non-exercise physical activity in adults (Alahmadi et al., 2011), and there
are equivocal findings from several studies examining the effect of chronic exercise
(Colley et al., 2010; Rosenkilde et al., 2012; Turner et al., 2010). Therefore the cross-
sectional studies (studies one, two and three) presented in this thesis aimed to, under the

same conditions, examine the effects of an acute bout of moderate-intensity cycling on
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free-living energy expenditure during the remainder of the experimental day and
subsequent three days while controlling participants’ physical activity and sex.
Additionally, study four aimed to investigate the effects of 12 weeks of moderate-

intensity aerobic exercise on 7-day free-living energy expenditure in inactive men.

No differences were observed in free-living physical activity energy expenditure after
exercise compared with control in study one suggesting that irrespective of participants'
habitual physical activity an acute bout of moderate-intensity cycling does not elicit
compensatory changes in physical activity in men. These findings agree with previous
research in adults that reported an increase in non-exercise physical activity, after a
high- but not moderate-intensity exercise session (Alahmadi ef al., 2011), suggesting
that these effects may be dependent on the intensity of exercise. Similarly no changes
were observed in studies two and three, however these studies were not sufficiently
powered to detect changes in the free-living period of the study. For instance, visual
analysis of studies two and three daily physical activity energy expenditure data
(Figure 5.6; Figure 5.11) suggest that in study two, active participants may have
increased their daily physical activity during the three days after the exercise
experimental chapter compared to control, whereas in study three the opposite was
observed. Moreover, in both studies the inactive group seemed to increase their energy
intake on the second day after the exercise experimental day. An analysis of both
studies data with a four-way repeated measures ANOVA (study x group x condition x
time) demonstrated a condition X study interaction (p = 0.049) suggesting that
participants that did not use hormonal contraceptives increased their energy expenditure
over the three days after the exercise experimental day (mean difference = 701 kJ)

whereas participants taking oral contraceptives reduced it (mean difference = -237 kJ).
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Collectively these findings give support to a possible exercise-induced compensatory
response in energy expenditure dependent on the use of hormonal contraceptives,

however, future research with adequate sample sizes are needed to confirm this.

In study four, 12 weeks of moderate-intensity aerobic exercise did not induce changes
on weekly expenditure in inactive men. Indeed, the mean 7-day physical activity energy
expenditure after the exercise intervention was very similar to baseline (mean difference
=+ 156 kJ). This was unexpected because it occurred despite participants being offered
a 3 months free gym membership and encouraged to continue their exercise programme
independently. It is possible that these participants relied on extrinsic motivation to
exercise and as soon as this factor was not present they reduced substantially their
activity due to their lower intrinsic motivation to exercise. This is supported by
anecdotal evidence as many participants described their main motivation to be involved
in the study as wanting to become healthier and/or losing body mass and lacking the
motivation to do it on their own, stating that they required someone to "make them
exercise". It is also possible that the extrinsic motivation provided by the researcher
decreased their intrinsic motivation as according to the Cognitive Evaluation Theory if
recipients of extrinsic "rewards" (e.g. praise) interpret these as indicating external
control this can decrease their feelings of self-control and therefore undermine their
intrinsic motivation (Deci & Ryan, 1985). Moreover, the loss of this extrinsic
motivation may have also affected their enjoyment of exercise as the associated social
interaction was not present. Therefore, exercise interventions aiming to increase
participant's physical activity and sustain those levels after the intervention should aim
to include other strategies that can possibly make this transition easier (e.g. behavioural

therapy).
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7.6 Limitations and recommendations for future research

The studies presented in this thesis have limitations and some of these could be
addressed in future work in this area. Study participants were mostly young, lean and
healthy men (studies one and four) and women (studies two and three), therefore
findings might not apply to older or obese adults. Future studies should examine the
efféct of acute and chronic exercise on appetite, energy intake and expenditure in

different population groups.

In the cross-sectional studies, exercise intensity was individually prescribed to reflect
fitness status with both groups cycling at approximately the same relative intensity. This
adjustment was important because persons differing in fitness respond in markedly
different ways to an exercise challenge set at a fixed absolute intensity (Howley, 2001).
Nevertheless, this meant that active participants expended more energy during exercise
than inactive participants. As the exercise-induced energy expenditure is a likely factor
to induce energy compensation future studies should examine the effects of similar

exercise-induced energy expenditures.

The control of the time of the testing (i.e. phase of the menstrual cycle) in studies two
and three means that findings from these studies are possibly limited to the mechanisms
operating at the examined stages. Moreover, the third study examined women taking
different oral contraceptives and therefore it is not possible to draw any conclusions on
the effects of specific oral contraceptive formulations. Future studies should conduct
testing at different stages of the menstrual cycle and if possible examine specific

combinations of oral contraceptives.
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Energy intake is affected by other factors that could not be controlled in the free-living
so it may be that observed differences in energy intake in studies 1 and 3 did not arise
from physiological regulatory mechanisms but from behavioural/psychological (e.g.
emotional states) and/or environmental factors (e.g. presence of other people at meal
times). Similar studies are needed to confirm these findings and explore potential
factors mediating the findings. The latter could possibly be achieved by including the
measurement of physiological factors such as appetite-regulating hormones and using

qualitative methods to identify behaviour/psychological and environmental factors.

The collection of energy intake and expenditure data in the free-living is highly
dependent on participant compliance with methods and instructions making it more
susceptible to errors in data collection. Therefore there is a need to develop new
methods and explore the validity and reliability of possible combinations of current
methods. In particular, self-reported food diaries are prone to bias, usually towards
under-reporting of energy and misreporting of macronutrients (Livingstone & Black,
2003). To identify possible underreporting, the mean ratio of energy intake to basal

metabolic rate was calculated for participants in all studies:

Study one:
e Active group (exercise vs. control: 1.6 £ 0.25 vs. 1.58 £ 0.3).
e Inactive participants (exercise vs. control: 1.41 + 0.37 vs. 1.42 £ 0.33).
¢ Individual analysis showed that two inactive participants had a ratio lower than
Goldberg et al. (1991) cut-off df 1.1 in one of the conditions (participant 13

exercise condition = 1.08; participant 21 control condition = 1.06).
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Study two:

e Active group (exercise vs. control: 1.51 £ 0.26 vs. 1.50 + 0.44).

o Inactive participants (exercise vs. control: 1.23 £ 0.24 vs. 1.31 & 0.42).

o Individual analysis showed that two participants in the active group and one
participant in the inactive group had a ratio lower than Goldberg et al. (1991)
cut-off of 1.1 (participant 10 exercise condition = 1.01; participant 10 control
condition = 0.92; participant 26 control condition = 0.99; participant 14 control

condition = 0.76; participant 14 exercise condition = 0.71).

Study three:
e Active group (exercise vs. control: 1.39 £ 0.27 vs. 1.41 £ 0.13).
e Inactive participants (exercise vs. control: 1.67 £ 0.22 vs. 1.58 & 0.25).
¢ Individual analysis showed that two participants in the active group had a ratio
lower than Goldberg ef al. (1991) cut-off of 1.1 (participant 14 control condition

= 0.95; participant 24 control condition = 1.00).

Study four:
e All participants (baseline vs. after exercise intervention: 1.48 £ 0.32 vs. 1.44 %
0.31).
e Individual analysis showed that no participants had a ratio lower than Goldberg

etal. (1991) cut-off of 1.1.

A combination of the stringent inclusion criteria and the research design chosen to

control for factors related with participants menstrual cycle meant that the second and
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attrition and recruitment rates. For example, the practical work of this thesis was
conducted by a single researcher, which involved managing three studies
simultaneously and therefore limiting the available time to reschedule experimental
days. If a similar research design is employed it is necessary to increase the estimated

sample size by at least 30% to account for dropouts.

As previously discussed, three of the studies presented in this thesis (studies two, three
and four) had a lower than predicted sample size, therefore it is possible that the lack of
an effect of exercise on energy intake and expenditure during the free-living period of
these studies was due to lack of statistical power. Thus future studies should be powered
appropriately to detect possible exercise-induced differences in free-living energy intake

and expenditure.

The low sample size in study four can be explained by a combination of the demanding
nature of the study and the strict inclusion criteria. From the 12 participants that started
the study, one withdrew from the study because he did not want to follow the prescribed
exercise intensities. A lack of a control group is also a limitation because it is not
possible to conclude if findings are solely attributable to the exercise participation or
other non-exercise related behaviour changes that may have occurred. Therefore future
research should examine the effects of an exercise intervention with a randomised

control trial design.
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7.7 Conclusion

In conclusion, the research presented in this thesis provides a valuable insight into the
effects of an acute bout of exercise on hunger, energy intake and expenditure in active

and inactive men and women.

Specifically, this research shows that an acute bout of moderate-intensity aerobic
exercise did not affect hunger irrespective of sex or habitual physical activity, however
the use of oral contraceptives may have heightened appetite in women. Moreover, the
effects of an acute bout of exercise on ad libitum energy intake may be dependent on
participants' habitual physical activity and, in women, on the use of oral contraceptives.
In men, exercise was also able to induce acute and delayed compensatory responses in
energy intake dependent on participants' habitual physical activity. In women, no clear
relationship was apparent but the percentages of energy compensation gave some
indication of possible differences. In addition, an acute bout of exercise did not elicit
compensatory changes in physical activity in men and, in women, any exercise-induced
compensatory response in energy expenditure may have been dependent on the use of

oral contraceptives.

This thesis provides evidence of the difficulties involved in designing well-controlled
investigations in this field of study and in recruiting and retaining targeted populations.
This research has also highlighted that irrespective of free access to exercising facilities,
most inactive participants are not able to independently maintain their physical activity
behaviour after the end of a supervised exercise intervention. Furthermore, this thesis

lays the foundations for further work and development of appetite research controlling
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important variables such as participants' habitual physical activity and the use of

hormonal contraceptives.
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Faculty of Health and Wellbeing Research Ethics Committee
Sport and Exercise Research Ethics Review Group
Report Form

Principal Investigator: Joel Rocha

Title: Effects of an acute bout of moderate-intensity aerobic exercise on subsequent
food intake and energy expenditure during a three day period in active and sedentary
females.

Checklist:

Application form

Informed consent form
Participant information sheet
Risk assessment form
Pre-screening form
Pre-screening form (under 18) n/a
Collaboration evidence/support n/a
CRB Disclosure certificate n/a

N AVRVENAN

Recommendation:

Acceptable: %

Not acceptable, see comments:

Acceptable, but see comments:

Comments:
Thank you for providing a written response to the comments you received.

Your application is now Acceptable and you may commence your study.

b }@ 04.04.11

Signature : ... s Date: ..o,

David Binney
Chair, Sport and Exercise Research Ethics Review Group

Please remember that an up-to-date project file must be maintained for the
duration of the project and afterwards. The project file might be inspected at any
time.

Note: Approval applies until the anticipated date of completion unless there are
changes to the procedures, in which case another application should be made.

Name of Supervisor: Edward Winter/David Broom
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Faculty of Health and Wellbeing Research Ethics Committee
Sport and Exercise Research Ethics Review Group
Report Form

Principal Investigator: Joel Rocha

Title: The influence of genetic variation in dopamine signalling on the sustainability of
lifestyle inventions.

Checklist:

Application form v
Informed consent form v
Participant information sheet v
v
v

Risk assessment form
Pre-screening form

Pre-screening form (under 18) n/a
Collaboration evidence/support n/a
CRB Disclosure certificate n/a

Recommendation:

Acceptable: =

Not acceptable, see comments:

Acceptable, but see comments:

Comments:
Please see attached.

b /@ 06.10.11

Signature : . o Date: ...ccceveieecieirereen.

David Binney
Chair, Sport and Exercise Research Ethics Review Group

Please remember that an up-to-date project file must be maintained for the
duration of the project and afterwards. The project file might be inspected at any
time.

Note: Approval applies until the anticipated date of completion unless there are
changes to the procedures, in which case another application should be made.

Name of Supervisor: David Broom
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There will be two main trials and you will complete both:

¢ You will complete the cycle ergometer exercise trial and a resting trial at the same
time of day and day of week;

¢ You will start both trials by eating a standard breakfast (within 15 minutes) and
resting for one hour. At the end of this resting period a 60 minute exercise or resting
period will begin;

¢ During the cycle ergometer trial you will exercise for 60 minutes at moderate intensity
followed by a one hour rest period. After this period we will provide you with a free
meal;

e During the resting trial you will be asked to remain seated while working, reading or
listening to music during the 3 hours from the end of breakfast until the provided free
meal;

Preparation for the tests

Pre-trial recording of your diet

You will be asked to weigh and record everything you eat and drink for two days prior to the
main trials. You will then consume identical amounts of the same food and drink prior to the
next main trial. This is very important in order to control for diet and we will discuss this with
you prior to the main trials. No alcohol and caffeine should be consumed on the day before
the main trials.

Controlling physical activity

It is crucial to the success of the experiment that you undertake exactly the same type and
amount of activity the day before the start of each main trial. Please avoid vigorous activity.

Ten-hour overnight fast

You will finish eating by 11pm on the evenings before the main trials. You may continue to
drink water after this time. You will report to the laboratory the following morning without
eating breakfast.

Travelling to the laboratory

You should walk in slowly on the morning of each main trial. Please do not run or cycle.
After each main trial

Recording your diet

You will be asked to weigh and record everything you eat and drink for three days after both
main ftrials. This time the recordings will not be used to replicate the diet but only for
information purposes so you should eat what you want, when you want and as much as you
want.

Post-trial recording of physical activity

You will be asked to wear at all times a device called Actiheart for the 3 days following the
main trials. This is a small, lightweight device (10g) that is supported by just placing 2 small
round pads on your chest so it should not affect your daily life in anyway. There is no risk of
electrical shock and it is water proof so it should be worn even during the shower.
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mailto:J.Rocha@shu.ac.uk

Example of Food Diary Sheet (1 sheet was given per day)

Participant ID: Date:
Time awake (hrs): Time asleep (hrs):
Amount Description of food and/or | Leftovers Mood
Time (e.g. give as tsp, drink (give detailed (e.q. bored
(e.9.9 tbsp, cups, oz, (give a detailed description description of sa.g ' happy'
am) weight or portion including type of food brand food that was t'ired) '
size) name, or restaurant) uneaten)

Comments (If page completed please continue in the back):

294
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