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Abstract

Obesity is a complicated condition which occurs due to interactions between many
contributing physiological, psychological and genetic factors. Age, sex and body mass
index (BMI) are also important in the interaction with obesity-related factors leading to
a rise in this epidemic. Knowledge about the interactions that happen between these
factors provides a basis for the development of body mass-reducing interventions for

people with obesity.

Eating behaviours affect caloric intake and are implicated in the development of
obesity. Three types of eating behaviours namely; 1) cognitive restraint, 2) emotional
eating and 3) uncontrolled eating have been studied for associations with obesity in
various populations. Food cravings refer to an irresistible urge to eat a specific type of
food which has been implied to contribute to a loss of control over eating. The

experience of food cravings is related to higher BMI and obesity.

Motivation to exercise is also an important factor that influences people’s eating
habits as shown in previous studies. A taxonomy where motivation is organised in the
form of a continuum that covers the different degrees of self-determination of
behaviour, from the non-self-determined, to the self-determined, established three
types of motivation (amotivation, extrinsic motivation and intrinsic motivation) and a
series of behavioural regulation stages (amotivation, external regulation, introjected

regulation, identified regulation and intrinsic regulation).

Problems with emotional regulation may contribute to the development and
maintenance of abnormal eating behaviour. Alexithymia is defined as an inability to
describe and/or recognise one's own emotions and is considered a common feature in
eating disorders. Alexithymia is likely to be associated with problems in modulating

affect and with difficulties in the interpersonal and social realm.

The programme of research as part of this PhD was conducted on 424 volunteers from
Sheffield Hallam University students and staff, and there were 183 participants of

weight-loss interventions. Eating behaviours were measured using the revised Three-
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Factor Eating Questionnaire (TFEQ-R18); food cravings were measured by the food
cravings inventory (FCI), motivation for exercise using the Behavioural Regulation in
Exercise Questionnaire-2 (BREQ-2) and alexithymia was measured by The Toronto

Alexithymia Scale (TAS 20).

DNA samples were genotyped using the TagMan method for the rs9939609
polymorphism in the obesity-associated gene FTO. Questionnaire data were analysed
for associations between the TFEQ-R18 and FCl, BREQ2 and TAS20 subscales for the
whole study group, and the group divided by sex, genotype, age (< 25 years vs > 25
years) and BMI (<30kg/m? and >30kg/m?). Regression and mediation analyses were
used to explore the relationships between BMI, eating behaviours, food cravings,

motivation to exercise and alexithymia.

The key findings from each of the experimental chapters in this thesis is 1) Increased
cognitive restraint was associated with decreased food craving scores in the < 25 years
group; in this group the association between BMI and reduced food cravings was
mediated by cognitive restraint indicating that in this age group individuals use
cognitive restraint to control their food cravings. 2) Motivation to exercise interacts
with eating behaviours and high motivation to exercise is associated with low BMI,
people with obesity were less motivated than non-obese, emotional eating is the
mediator between external regulations and high BMI. 3) There is a positive relationship
between BMI and alexithymia in females, but in contrast there is an inverse
relationship in men. The relationship between BMI and alexithymia was stronger in the
AA+ AT genotype group than TT genotype. Uncontrolled eating and emotional eating
mediate the effect of alexithymia on BMI and this is different between males and
females and between genotype groups; particularly in females with the risk genotype,
alexithymia were associated with high uncontrolled eating and emotional eating and
so higher BMI. Males and/or people with the TT genotype are less at risk of this
influence of alexithymia on BMI. These findings will help in the treatment of obesity by
informing personal intervention programmes for each person according to his or her

situation.
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1 CHAPTER 1: Background and literature review

1.1 Introduction
The prevalence of obesity has tripled between 1975 and 2016, reaching epidemic
proportions globally (World Health Organisation 2016).According to the World Health
Organisation (WHO), 39% of adults were classified as being overweight and 13% obese
(World Health Organization 2016). Existing estimates are that 41 million children

globally are overweight (Booth et al. 2018).

At current rates of increase, it is projected that globally, 2.16 billion (38%) adults will
be overweight and 1.12 billion (20%) obese by the year 2030 (Kelly et al. 2008). Though
obesity was traditionally believed to be a problem primarily faced by populations in
developed, high income countries, large scale analyses have revealed it to be a global
problem affecting many low income countries (Finucane et al. 2011). In the UK,
prevalence is gradually increasing with authorised records for England and Wales
showing that 20% of children are obese and if trends remain, it has been predicted to
increase to 50% by the year 2030 (Wang et al. 2011).

The WHO states that the major causes of obesity are twofold: 1) an increasing
prevalence of inactive lifestyles in combination with 2) a rise in a diet that contains too
much sugar, fat and salt (World Health Organization 2016). The present western
environment is particularly obesogenic with the easy accessibility of high calorie,
palatable food, and the absence of physical activity (Berthoud and Morrison 2008). It is
thought that there are several related causes involved in the development of
overweight and obesity including genetic, metabolic, environmental, and socio-cultural

aspects but also the individual eating behaviors (Renner et al. 2012).
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Obesogenic environments have been defined as ‘the sum of influences that the
surroundings, opportunities, or conditions of life have on promoting obesity in
individuals or populations’ (Swinburn and Egger 2002).

The built environment is a key contributing factor to the rising prevalence of obesity,
through influencing physical activity and dietary behaviours at the individual and
community level (Townshend and Lake 2017). The 2014 McKinsey report (Institute MG
2014) highlighted that overcoming obesity requires multiple interventions, involving
many sectors from policy and practice through to industry and consumers. The report
describes how there is a need to ‘reset the default’ in order to normalise and make
healthy behaviours easier, relying less on the individual (institute MG 2014). Swinburn
and colleagues described how ‘dramatic actions’ are needed, globally, to address food
environments and thereby impact the on the rise in obesity and diabetes (Swinburn et
al. 2015).

The worldwide rise in obesity has been ‘driven’ by significant changes in the global
food system (Swinburn et al. 2015). This food system produces readily available,
processed food which is marketed to populations (Swinburn et al. 2015). Looking at
trends in high, middle and low income countries, research has concluded that
increases in the food energy supply, alongside increasing sedentary behaviour,
explains the increases in population body weight, particularly in high income countries
(Vandevijvere et al. 2015). The food environment is a contributing factor in the
development of obesity, and therefore has a role to play in preventing obesity (Lake
2018).

From nudging and choice architecture (Bucher et al. 2016), to conceptualizing how the
local food environment influences eating behaviour (Caspi et al. 2012) the food

environment can be defined as any opportunity to obtain food; it includes physical,
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socio-cultural, economic and policy influences at both micro and macro-levels
(Townshend et al. 2009). The broader food environment includes the home food
environment, food policies and school food policies in addition to the neighbourhood
food environment (Townshend et al. 2017). Story et al have developed an ecological

framework to illustrate the influences on dietary behaviours (Story et al. 2008).

The neighbourhood food environment is defined as a mixture of retail outlets (for
example, small convenience stores to supermarkets,) as well as restaurants and take-
away (‘fast food’) outlets and is not limited to the residential neighbourhood
(Townshend et al. 2017). The neighbourhood food environment influences individual
food choice and food intake through the concept of food access. The relatively simple
concept of access, in terms of the food environment actually includes five dimensions
which are: availability, accessibility, affordability, acceptability, and accommodation

(Penchansky et al. 1981).

Research has focused on the availability and accessibility of neighbourhood food
outlets. Two recent systematic reviews, one exploring the local food environment in
relation to obesity (Cobb et al. 2015) and one exploring the food environment in
relation to diet (Caspi et al. 2012) have been inconclusive in their findings. This is, in
part, due to the complexity of the measures and the quality of the studies. However
some important patterns emerged; for example, in adults, Cobb et al. (2015) found
evidence that supermarket availability was negatively associated with obesity and fast
food availability was positively associated. Janssen et al’s review suggested that the
strongest determinants of out-of-home food availability are the density of food outlets

and deprivation within the built environment (Janssen et al. 2017).
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The surrounding environment impacts on food choice, ultimately eating behaviour and
consequently energy balance, weight gain and obesity (Rosenheck et al. 2008).
Neighbourhood food environments are important and much attention has been paid
to fast food and takeaway outlets. Actually, the food served within these outlets tends
to be nutrient poor and energy dense (Jaworowska et al. 2013). Public Health England
estimate that in 2014 there were over 50,000 fast food and takeaway outlets, fast food
delivery services, and fish and chip shops in England and a greater proportion of these
are in deprived areas (Public Health England (2017).Data from the UK National Diet
and Nutrition Survey indicates that between a fifth and a quarter of people in the UK
eat meals out once per week or more (Adams et al. 2015),with one fifth eating take-
away meals at home once per week or more (Lake 2018).Being overweight or obese
are risk factors for several non-communicable diseases (NCDs) such as coronary heart
disease (CHD), cardiovascular disease (CVD), hypertension, stroke, certain types of
cancer, diabetes mellitus, gallbladder disease, dyslipidemia, gout, and sleep apnoea
(Loffler et al. 2015a). Given the increasing concerns about the effect of obesity on
public health, it is becoming increasingly important to understand the psychological
processes that cause the tendency to overeat unhealthy (high sugar, high fat) foods,

especially in obesogenic environments (Booth et al. 2018).

1.1.1 Definition of overweight and obesity

WHO defines overweight and obesity as abnormal or excessive body fat accumulation
which may impair health. In addition to being a major cause of health-related
morbidity and mortality worldwide, obesity represents a growing public health

challenge and economic burden to governments and countries (Wang et al. 2011).
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Obesity is a complicated condition that arises because of an irregularity between
energy consumption and use, resulting in abundant fat storage as excess adipose
tissue (Razquin et al. 2011). The epidemic of obesity combined with poor efficacy of
practical weight reduction interventions has encouraged the call for further research
to develop effective treatment alternatives (Byrne et al. 2006). A deep understanding

of the aetiology of weight increase is a clinical necessity (Llewellyn et al. 2014).

1.1.2 Assessment of obesity

Obesity is generally characterised by calculating body mass index (BMI =30 kg/m? in
adults, and over the 95th percentile in children) and is determined as weight in kg
divided by the height in meters, squared (Calle et al. 1999, Willett et al. 1999). BMI is
the most widely utilised measure of weight status in research and data reporting, but
is not a direct measure of body fat content (Koni 2013). A person’s body mass includes
not only fat mass but also muscle and bone mass and these measures may vary
significantly between individuals, sex and races. However, BMI remains a cheap and
convenient alternative proxy measure of adiposity which is measurable even in large
scale studies. Most importantly, BMI is an established indicator of CVD), cardiovascular
mortality, type 2 diabetes mellitus (T2DM), hypertension and other co-morbidities
(Calle et al. 1999, Willett et al. 1999).

Waist circumference (WC) and waist-to-hip ratio (WHR) are two other important
obesity-related anthropometric measures and reflect abdominal (central) fat
deposition. The distribution of body fat is perhaps more important than the total body
fat content in predicting adverse health outcomes (Lee et al. 2013). The larger
proportion of the fat content in the human body is distributed subcutaneously

primarily in the abdominal, gluteal and femoral regions. Abdominal obesity is known to
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have more detrimental effects on metabolic health compared peripheral fat deposition

(Lee et al. 2013).

Table 1-1 International definitions of generalised and central obesity @

International criteria

Generalised obesity (BMI cut-off values in kgm2)
Normal weight 18.00 —24.99

Overweight 25.00 — 29.99

Obese >30.00

Obese grade 1 30.00 - 34.99

Obese grade 2 35.00-39.99

Obese grade 3 2 40.00

Central obesity (WC cut-off values in cm)
Male central obesity 2102 cm

Female central obesity >88cm

@ World Health Organisation guideline (WHO Expert Consultation, 2004).

1.1.3 Obesity causes and risk factors

Obesity results from complex interactions between genetic, environmental and
lifestyle factors leading to a state of chronic positive energy balance (Tchernof and
Després 2013, Marti et al. 2004, Das 2010). On a background of relatively stable
genetic influences, the more recent increase in obesity could be largely attributable to
changes in lifestyle and environmental factors. Rapid urbanisation, commercialisation
and associated lifestyle shifts towards sedentary living and consumption of energy
dense foods are all factors attributable to the global epidemic of obesity (Arambepola

et al. 2008). Modernisation occurring in high, middle and low-income countries has
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resulted in obesogenic environments that facilitate unhealthy lifestyles (Befort et al.
2012)

Contrary to what was traditionally accepted, the protective effects of rural living on
obesity are becoming less prominent. Rural living is associated with greater rates of
obesity compared to urban areas in developed economies such as the USA (Liu et al.
2012), Sweden (Neovius and Rasmussen 2008) and Canada (Bruner et al. 2008) and is
largely attributed to unhealthy diets, low education levels and ethnic differences. In
middle and low-income countries though, urban living is still a strong predictor of
obesity. The prevalence of rural obesity is increasing on a par with urban areas in many

developing countries (Popkin et al. 2012).

1.1.4 Energy homeostasis

The complex physiology underlying energy homeostasis in the human body involves
the integrative functions of the brain, gut and adipose tissue (Tchernof and Després
2013, Marti et al. 2004, Das 2010). Excessive adiposity develops because of total
caloric intake exceeding total energy expenditure and the excess being stored as body
fat. The intake of food and expenditure of energy in the form of basal metabolism and
physical activity are regulated by the brain. Specifically, the hypothalamus serves as
the key site of integration of central and peripheral satiety signals and, therefore, is
the central regulator of energy homeostasis (Parker and Bloom 2012, Volkow et al.
2008). In states of hunger, the stomach secretes the hormone ghrelin which has the
function of stimulating appetite through ghrelin receptors in the hypothalamus
(Cummings 2006). Following the ingestion of food, the gastrointestinal tract secretes
cholecystokinin (CCK) and peptide tyrosine tyrosine (PYY) hormones which in turn

signal the brain to reduce food intake, initiated through feelings of satiety (Little et al.
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2005, Batterham and Bloom 2003). Adipose tissue secretes leptin which indicates to
the brain the level of energy stores available as fat in the body. Leptin is secreted in
proportion to adipose tissue mass and inhibits feeding when in high concentrations
through actions on the hypothalamus (Halaas et al. 1995). In addition, insulin secreted
from the pancreas also indicates the levels of energy stores to the brain. Adiponectin,
another adipose tissue derived hormone which enhances insulin sensitivity, increases
free fatty acid oxidation and reduces glucose and triglyceride concentrations
(Kadowaki et al., 2008). Serum adiponectin levels reduce with obesity and adiponectin
plays a role in energy regulation through functions on the hypothalamus (Kubota et al.
2007, Qi et al. 2004). The physiology of energy homeostasis is a far more complex
process than described and only the key components of the system have been

highlighted.

The hypothalamus functions as the key regulator of energy balance in the body. It is a
pea sized organ located inferior to the third ventricle of the brain and superior to the
pituitary gland. Peripheral nutrient and adiposity signals are received and integrated
within the hypothalamus which in turn regulates hunger, satiety and energy
expenditure to achieve energy balance (Volkow et al. 2008). The hypothalamus
consists of several anatomically distinct clusters of neurones or ‘nuclei’. Of these, the
arcuate nucleus (ARC) of the hypothalamus is of central relevance to appetite control.
The ARC contains two distinct neuronal populations which receive and relay on signals
relating to peripheral nutrient status and hunger. One cluster contains neurons which
produce proopiomelanocortin (POMC) and cocaine and amphetamine regulated

transcript (CART) whilst the other cluster produces neuropeptide Y (NPY) and the
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agouti-related protein (AgRP) (Mercer et al. 2013). These neuronal populations have

opposing effects on appetite as displayed in Figure 1.1.

The NPY/AgRP neurones, when stimulated by peripheral signals have the overall effect
of increasing appetite and therefore are orexigenic in nature. Conversely, POMC/CART
neurones inhibit appetite and are therefore anorexigenic in nature. In addition,
POMC/CART neurones are under inhibition of NPY/AgRP via gamma amino-butyric acid
(GABA). Both neuronal populations contain multiple receptors for hormonal signals
arising from the periphery. The stomach, large and small intestine, pancreas and
adipose tissue provide primary peripheral signals of nutrient and energy status to the
ARC. In states of hunger, ghrelin activates the NPY/AGRP via ghrelin receptors
(Cummings 2006). Conversely, the CCK and PYY released following meals have
inhibitory effects on NPY/AgRP (Little et al. 2005). Leptin acts via leptin receptors
(LEPR) present in both NPY/AgRP and POMC/CART neurones (Cheung et al. 1997,
Wardlaw 2011). The agonist action of leptin on POMC/CART activates the anorexigenic
pathways whilst inhibiting orexigenic signals by hyperpolarisation of LEPR on
NPY/AgRP neurones. Leptin concentration does not acutely fluctuate with meals and
therefore provides a more long-term signal on the level of adiposity. Insulin released
from the pancreas following meals binds to the insulin receptors on POMC neurones

thus contributing to satiety induction (Wardlaw 2011).
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Figure 1-1 Simplified depictions of hypothalamic appetite control pathways.

Two distinct populations of neurones within the ARC nucleus, POMC/CART and NPY/AGRP receive peripheral hunger and adiposity
signals. Upon stimulation, POMC undergoes post-translational modification to produce a— melanocyte stimulating hormone which
is an agonist at the MC4R receptor which initiates downstream signalling to induce satiety. In contrast AgRP is a competitive
antagonist at the MC3R and MC4R receptors and stimulation results in increased energy intake. The POMC neurones are therefore
stimulated in states of energy excess whereas AgRP is activated in states of negative energy balance. NPY/AgRP inhibits activity of
POMC/CART neurones through GABA mediation. In addition, signals from the serotonin and dopamine neurotransmitters related
to brain rewards systems are integrated to this system to affect appetite and eating behaviour. POMC-Proopiomelanocortin,
CART-Cocaine and amphetamine regulated transcript, AgRP- Agouti related protein, NPY-Neuropeptide Y, GABA-Gamma amino-
butyric acid, LEPR- Leptin receptor, SHT1B — 5-Hydroxytryptamine 1B receptor, 5HT2C — 5- Hydroxytryptamine 2C receptor, ARC-
Arcuate nucleus, a-MSH- Alpha melanocyte stimulating hormone, MC3R-Melanocortin 3 receptor, MC4R — Melanocortin 4

Receptor, 5HT- Serotonin, DA- Dopamine.

Signals from the ARC are relayed to second order neurones in other nuclei of the
hypothalamus. These include the lateral hypothalamic area (LHA), paraventricular
nucleus (PVN) and ventromedial hypothalamus (VMH) (Yeo and Heisler 2012). The PVN
is believed to be the primary anorexigenic centre in the brain due to its actions on the
central melanocortin system (Wardlaw 2011). The melanocortin-4 receptor (MC4R)
which is expressed in neurones of the PVN acts as a site of convergence for
anorexigenic and orexigenic pathways (Yeo and Heisler 2012). Agonism of the MC4R
inhibits food intake and increases metabolic rate (Adan et al. 2006). Upon stimulation

by leptin primarily, POMC neurones produce POMC which undergoes post-
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translational modification to produce alpha- melanocyte stimulating hormone (a-MSH)
(Wardlaw 2011).

The a-MSH functions as an agonist at the MC4R. In contrast, AgRP acts as an
antagonist at MC4R thus counteracting the effects of a-MSH (Olimann et al. 1997). The
LHA also contains MC4R expressing neurones but in addition also express orexin which
stimulates food seeking (Yeo and Heisler 2012). NPY acts through its Y receptors
located in most of the hypothalamic nuclei. The VMH contains neurones which secrete
the brain-derived neurotrophic factor (BDNF) which is essentially an anorexigenic
factor. Whilst the VMH receives innervations from the POMC and AgRP neurones, the
expression of BDNF is acutely regulated by MC4R. Here reduced MCA4R signalling has

been shown to reduce the expression of BDNF (Abilés et al. 2010, Xu et al. 2003).

The central importance of the neurotransmitter serotonin (5-Hydroxytriptamine, 5-HT)
on appetite regulation is well established and evidenced by the number of anti-obesity
pharmacological agents developed over the years (Garfield and Heisler 2009).
Serotonin transmission is inversely related to appetite and the serotonergic system in

closely integrated into the hypothalamic feeding circuitry (Lam et al. 2010).

The anorexigenic actions of 5-HT are mediated through the serotonin 1B (5-HT1g), 2A
(5-HT2a) and 2C (5-HTxc) receptors located in the various hypothalamic and brain
regions related to reward pathways. The 5-HT,c receptors are expressed in the POMC
neurones in the ARC and their stimulation activates POMC and thus the anorexigenic
pathway (Xu et al. 2008). In contrast, serotonin causes hyperpolarisation of 5-HTig
receptors on NPY/AgRP neurones thus reducing GABA mediated inhibition of POMC
(Heisler et al. 2006). The 5-HT.a receptors mainly located in the PVN inhibit feeding

through inhibition of NPY mediated eating (Currie et al. 2002). The 5-HTxc receptors
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are also found in the ventral tegmental area (VTA) in the midbrain where serotonin
and dopamine mediate functions of the reward system (Baik 2013, Yeo and Heisler
2012). Furthermore, serotonin and dopamine modulate feeding through the VMN
(Meguid et al. 2000). Food reward elevates dopamine levels in the brain and therefore
the hypothalamic appetite control circuitry is therefore closely integrated with the

dopamine system.

1.2 Eating behaviour

Understanding the underlying mechanisms of becoming overweight and obese is of
utmost importance. Understanding why food is consumed and the motivational factors
driving food choices is significant to addressing the epidemics of obesity, diabetes and
CVD as food consumption is an important factor impacting the development and
management of these disorders (Grimm and Steinle 2011).

Obesity is a dysfunction of hunger and satiety, which are controlled by several
combined physiological mechanisms. Other influences affect energy intake like the
impact of socio-cultural, environmental and psychological effects that reduce appetite
control, and control of the motivation to eat (Broberger 2005). In addition to the role
of genetic and physiological factors, evidence for the influence of eating behaviour
dimensions on energy intake and, therefore, susceptibility to weight gain is growing
(French et al. 2012). The psychology of eating behavior e.g. the cognitive, behavioral
and emotional features of eating habits, call for more consideration, given the growing
prevalence of obesity and other eating related problems. Disordered eating in different
forms and of various degrees of severity are common, especially among adolescent

girls and young women (Hautala et al. 2008).
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The idea that various measurable ‘psychological constructs’ underlie overeating
behaviours and thus affect body weight has interested psychologists and researchers
for decades (Oda-Montecinos et al. 2013, van Strien et al., 2012, Wardle et al. 2001).
Various dimensions of eating behaviour such as food responsiveness, satiety
responsiveness, eating in the absence of hunger, disinhibition of eating, etc., have
been studied and reported in the literature (French et al. 2012).

Whilst the quantification of caloric and nutrient intake has traditionally provided useful
information in obesity studies, the study of the ‘psychological structure’ of an
individual’s eating behaviour offers another approach to addressing the problem of
adiposity. Focusing on ‘why’ a person overeats as opposed to ‘what’ is eaten allows
for a unique perspective on how increased caloric intake and adiposity occurs.
Overeating types founded on various psychological theories thus have their own
aetiologies and treatment methods. Characterisation of individuals into eating
behaviour phenotypes, therefore, can allow for more targeted interventions in an

evolving field of personalized medicine (Kass et al. 2013).

1.2.1 Definition of eating behaviour

Eating behaviours could be described as behaviours related to food intake which
influence the frequency, meal size, meal content and attitude to meals in general.
Therefore, eating behaviours can influence the amount of energy consumed by an

individual and thus predispose towards obesity (Blundell and Cooling 2000).

Eating behaviour is a complex interaction of social, physiologic, psychological and
genetic factors that affect meal timing, quantity of food intake and food preference

(Magni et al. 2009). Active investigation involving the genetics of taste, food
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preference, pathological eating behaviours, meal size, and meal selection is rapidly
increasing our understanding of how and why we eat (Grimm and Steinle 2011).

Three eating behaviour constructs are typically measured i.e.: 1) cognitive restraint
(CR), considered by numerous dietary prohibitions and limitations frequently linked
with desire to lose weight (Apfeldorfer and Zermati 2001, Lowe and Timko 2004), 2)
uncontrolled eating (UE), defined as the loss of self-control when the individual is
exposed to various non-healthy foods (Gilhooly et al. 2007), and 3) emotional eating
(EE), which is directly associated with mood and stress levels; increase in stress leads

to increase in food intake (Rutters et al. 2009).

1.2.2 Assessment of eating behaviours

1.2.2.1 Three Factor Eating Questionnaire (TFEQ)

The Three Factor Eating Questionnaire, (TFEQ), is one of the most commonly used
tools in the field of eating behavior studies developed by (Stunkard and Messick
1985a). Initially, this self-assessment questionnaire was planned to measure cognitive
and behavioral mechanisms of eating in people with obesity. It comprises 51 items,
combined into three scales: "Cognitive Restraint", "Disinhibition" and "Hunger” (Anglé
et al. 2009). Nevertheless, some studies have raised concern about the factor structure

and the factor stability of the 51-item TFEQ (Karlsson et al. 2000a, Hyland et al. 1989).

According to the psychometric analyses, a revised version of the questionnaire was
constructed, including three factors: "Cognitive Restraint", "Emotional Eating" and
"Uncontrolled Eating". Using the most effective items to rise the convergent and
discriminant strength of the new scales lastly led to a revised, shorter, 18-item version
of the tool, the Three Factor Eating Questionnaire (TFEQ — R18) (Anglé et al. 2009).
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In sum, the questionnaire measures three different aspects of eating behaviour: (a)
restrained eating (defined as conscious restriction of food intake aimed to control
body weight and/or to promote weight loss); comprised of six items (e.g., “I
consciously hold back at meals in order not to gain weight), (b) uncontrolled eating
(the tendency to eat more than usual due to a loss of control over intake with a
subjective feeling of hunger); comprised of nine items (e.g., “When | see a real delicacy,
| often get so hungry that | have to eat right away”), and (c) emotional eating (inability
to resist emotional cues, eating as a response to different negative emotions).
Comprised of three items (e.g. “When | feel blue, | often overeat”). The questionnaire
comprises 18 items that are measured on a 4-point Likert response scale (definitely
true: 4, mostly true: 3, mostly false: 2, definitely false: 1) and item scores are
summated into subscale scores: CR, UE and EE. Previous studies have reported that
TFEQ-R18 has adequate internal consistency reliability coefficients for the three

subscales, as well as for the whole questionnaire (ranging between 0.75 and 0.87)

(Karlsson et al. 2000).

The TFEQ-R18 progressed the psychometrics of eating behavior. it has been revealed
to be suitable in different populations, although it was created using information from
obese adults (Elfhag and Linné 2005), the TFEQ-R18 was also found to be easy and
clear to the participants. It has been shown to distinguish between different eating
habits in a general population, for example in a study where it was used in French

adolescents and adults (Elfhag and Linné 2005).

To understand the relationships between eating and health and to provide nutritional
prevention plans in light of the worldwide obesity epidemic, better knowledge of the
various eating behaviors and their frequency in the general population would be
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helpful in assessment of obesity correlates and risk factors. Due to the prominence of

measuring eating behaviour a detailed discussion of each behaviour is warranted.

1.2.3 Types of eating behaviours

1.2.3.1 Cognitive restraint

Cognitive restraint, which appears to be common in current societies, is indeed
suggested to play a fundamental role in the development of eating disorders and

obesity (Blundell and Gillett 2001).

The term dietary restraint, cognitive restraint, restraint, or restrained eating has been
one of the most essential and argued concepts in the study of human eating behaviour
since the restraint theory of obesity (Herman and Mack 1975). Restraint refers to a
tendency to continually and consciously restrict one’s food intake instead of using
physiological cues of hunger and satiety as controllers of food intake. Dieting and
restrained eating are not one and the same. Restrained eaters eat less food that they
would like to eat but not necessarily less than they need to keep energy balance

(Beiseigel and Nickols-Richardson 2004, Lowe and Timko 2004).

The concept of dietary restraint has played an important role in the study of human
eating behaviour. Restraint theory suggests that attempts to regulate food intake in
order to control body weight and body shape cause episodic overeating and, moreover,
the model posits a causal role of frequent restraint in the development of eating
disorders and obesity. Research along this course is far-reaching and has vyielded
conflicting results (Karlsson et al. 2000).

Much consideration has been given to the methodological and applied challenges

involved with the investigation of restraint and varied perspectives have been
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generally argued. However, debate still exists concerning the most suitable method to
measure cognitive restraint, and further cautious assessment of the validity and
acceptability of the varied strategies is required to increase theoretical clarity and
enhance estimation precision (Karlsson et al. 2000).

De Lauzon, et al. stated that in present-day societies characterised by bounteous and
easily available food, cognitive restraint may be a versatile behaviour to avoid an
increase in body weight (de Lauzon et al. 2004). However researchers propose that any
benefit from this eating behaviour might be short-term and may lead to long term
excessive weight gain (de Lauzon-Guillain et al. 2006).

Before the use of the TFEQ, the Restraint Scale (RS) was commonly used to assess
patients with obesity since there was a high association observed between restraint
scores and severity of obesity. However criticisms regarding this measure were made
due to the RS’s lack of distinction between items on the scale pertaining to anxiety
about body weight variation, and those probing anxiety related to dieting, and the lack

of distinction between restraint and disinhibition.

The Three Factor eating Questionnaire overcomes these limitations by separating
cognitive restraint, uncontrolled eating and emotional eating (Boschi et al. 2001). The
original version of the TFEQ (Boschi et al. 2001) consolidated the RS into three
subscales: strategic dieting behaviour, attitude to self-regulation, and avoidance of
fattening foods. Westenhoefer et al., (1999) offered a different break down of
cognitive restraint, dividing it into two subscales depending on its relationships with
both BMI and disinhibition or UE (Westenhoefer et al. 1999). The subscales were

flexible control, a more relaxed version of restraint associated with both low UE and
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low BMI, and rigid control, a more severe restrictive state associated with both high UE

and high BMI (Westenhoefer et al. 1999).

1.2.3.2 Uncontrolled Eating (UE)

Uncontrolled eating refers to a tendency to overeat, with the feeling of being out of
control (Anglé et al. 2009). Uncontrolled eating is recognised as an eating habit style
that is characterised by the overeating of unhealthy food in response to exterior food
stimulus, occasionally called external eating and has been related to obesity and high
calorie food consumption in adult populations (Booth et al. 2018). Uncontrolled eating
is similar to the idea of loss of control during drinking, which has been considered as an
underlying description for overconsumption of alcohol (Lyvers 2000). Certainly, studies
propose that treatment-seeking people with overeating behaviors who are
subsequently diagnosed with binge eating disorder (BED) report uncontrolled eating
episodes as particularly debilitating (Spitzer et al. 1992). Likewise, uncontrolled eating

is strongly connected with obese status (Verzijl et al. 2018, Rohrer et al. 2009).

According to Anglé et al., uncontrolled eating refers to a tendency to overeat with the
feeling of being out of control (Anglé et al. 2009). de Lauzon et al. (2004) adds to this
definition, stating UE as the tendency to eat more than usual due to loss of control
over intake accompanied by subjective feelings of hunger (de Lauzon et al. 2004). High
disinhibition has been linked to women with higher BMI (Boschi et al. 2001). Questions
pertaining to UE in the questionnaire describe habitual and situational susceptibility to
disinhibition (Bond et al. 2001). Two psychological processes have been defined in the
literature, which may account for individual differences in uncontrolled eating. The
first is (reduced) cognitive control, such as impulsive personality style, which has been

found to be a key predictor of obesity in children (Thamotharan et al. 2013).The
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second is automatic action tendencies to approach appetitive food cues in the
environment, which is thought to be modulated by reward networks in the brain and
be inflated in certain individuals, such as those at risk of obesity (Booth et al. 2018,

Mogg et al. 2012).

1.2.3.3 Emotional Eating

Emotional eating means the tendency to eat in response to negative emotions as a
result of stressful situations (Anglé et al. 2009). Cappelleri et al. (2009) described
emotional eating (EE) as overeating during dysphoric mood states. De Lauzon et al.
(2004) reported that the inability to resist emotional cues and has been associated
with the consumption of snack foods, especially fatty and salty foods (de Lauzon et al.
2004). Karlsson et al., defines emotional eating as the tendency to eat in response to
negative emotions (Karlsson et al. 2000). Lluch et al. associates higher scores of
emotional eating with a higher BMI (Lluch et al. 2000). Originally derived from theories
of obesity, emotional eating occurs in an effort to reduce emotional distress (Bruch
1973, Kaplan and Kaplan 1957) and is similar to theories and supporting evidence that
individuals use alcohol to cope with negative affect. Emotional eating research
indicates that individuals diagnosed with BED report an association between anxiety-

related emotional eating and more frequent binge-eating episodes (Verzijl et al. 2018).

1.2.4 Eating behaviours and weight loss

Emotional eating or eating in response to feelings could be an important factor related
to weight loss results in adults with obesity. Fifty-seven percent of overweight adults

report frequent incidents of emotional eating (Péneau et al. 2013). Emotional eating is
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accompanied with a higher frequency of snacking (O'connor et al. 2008), greater
consumption of energy-dense, high-fat foods, as measured in the laboratory (Oliver et
al. 2000) and via self-report (Camilleri et al. 2014),and eating in response to everyday
stressors (O'connor et al. 2008). Additionally, emotional eating seems to be a

significant factor associated with body weight over time (Keller and Siegrist 2015).

While the relationships between the emotional eating and weight loss success and
maintenance have only been examined in a few studies, the results show that
emotional eating may be inversely related to successful outcomes. Two earlier studies
have investigated the association between emotional eating, as opposed to general
disinhibition (i.e., eating in response to internal and external cues), and weight loss in
treatment-seeking samples of overweight adults. Results showed that a higher level of
self-reported emotional eating before treatment was significantly related to less
weight reduction in behavioural (Niemeier et al. 2007) and surgical interventions
(Canetti et al. 2009). Blair et al. (1990) examined a non-treatment-seeking sample of
adults who experienced a decrease in emotional eating over the course of a year and
observed a significantly higher weight loss compared to adults who reported a
constant level of emotional eating. Therefore, it is probable that adults who decrease
emotional eating during behavioural weight loss treatment may be more likely to
achieve successful weight loss compared to adults who are unable to modify this
tendency. If emotional eating is a reliable predictor of weight loss, it may be clinically
useful to assess in behavioural weight loss treatments, which generally target weight

loss through reduced-energy diet and increased physical activity (Knowler et al. 2002).

1.3 Food cravings
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Nowadays, the obesogenic environment encourages sweet and high fat foods to be
consumed at amounts higher than daily requirements (Cleobury and Tapper 2014,
McKiernan et al. 2008), indicating the significance of non-homeostatic elements of
food intake (Lowe and Butryn 2007). One of these elements is the involvement of food
cravings, typically described as ‘an intense desire to eat specific foods’ (White et al.

2002) which can happen in the absence of hunger (Pelchat and Schaefer 2000).

Food cravings are different from hunger (which is defined as the susceptibility to
internal or external hunger signs (Loffler et al. 2015)) and can be elicited without food
deprivation. Consuming a monotonous diet triggers food craving without any
nutritional deficit (Pelchat and Schaefer 2000). Food cravings are specific in that they
can only be satisfied by consuming the desired food or similar (Bruinsma and Taren
1999). Food cravings are prevalent in societies characterised by rich food environment
(Pelchat 1997, Weingarten and Elston 1991) and craved foods are generally high in
sugar and fat, with chocolate reported to be the most commonly craved food in

Western societies (Rozin et al. 1991).

1.3.1 Definition of food craving

Cravings refer to an intense desire or longing for a particular food (Weingarten and
Elston 1991). In relation to food, this irresistible urge to eat a specific type of food has
been suggested to contribute to a loss of control over eating. For instance, the
experience of food cravings is related to higher BMI or binge eating behaviours (Abilés
et al. 2010). Food craving is extremely common; it is experienced by more than ninety
percent of the population (Hill 2007). Types of food craving are commonly defined and
studied (Hallam et al. 2016) and are categorised by both appetitive and aversive

components (Rodriguez et al. 2005). Therefore, it has been proposed that food
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cravings can be prompted by certain emotional conditions, such as psychological and
physical stress, anxiety, depression, anger, or psychological reactions to food (Karlsson

et al. 2000).

1.3.2 Food craving behaviour

Food craving behaviour (FCB) is demonstrated as a positive emotion. This can lead to
repetitive food intake leading to obesity and counterproductive emotional states
(Karlsson et al. 2000). The prevalence of FCB stated from earlier studies varies globally
with incidence ranges from 28% to 97% (Pelchat 1997). This phenomenon is observed
more commonly in females because of a biological approach related to psycho-
endocrinology. For example, changes in eating behaviours during the menstrual cycle
and states of mood variations are more frequently described in female subjects,
however, there are inadequate studies evaluating FCB in females and the underlying

causes are not completely clear (Lafay et al. 2001).

1.3.3 The importance of food craving

Food cravings are multi-dimensional experiences with behavioural, motivational, and
cognitive facets (Cepeda-Benito et al. 2000). As indicated by the explained interruption
hypothesis of desire, craving is a consequence of a psychological elaboration of
disturbing thoughts about a desired object (Kavanagh et al., 2005), highlighting the
role of food-related thoughts as a prerequisite for the emergence of food cravings.
Thus, food cravings are not necessarily caused by the presence of food stimuli but can
also occur spontaneously through mental images of the craved foods (Hallam et al.
2016). These feelings can lead to consumption of the craved food, particularly when

cravings are strong (Appelhans et al. 2016). There are also obvious, and constant inter
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individual variances in the occurrence and strength of food craving experiences,
proposing that some individuals think more often, crave more strongly and therefore

consume more snack foods than others (Boswell and Kober 2016).

1.3.4 Types of craving

State food craving is completely experienced as a temporary state in a particular
moment (Richard et al. 2017). It is defined as a feeling of craving in a particular
moment, regardless of whether a cue is present; thus, it can be described as either

tonic or cue-induced craving assessed in a present moment (Hallam et al. 2016).

Trait food craving refers to the experience of food cravings in general (Richard et al.
2017), however, it can also refer to craving in the presence of cues in general. For
example, the Food Craving Questionnaire- Trait contains questions about the tendency
to experience both tonic craving (e.g., “If | am craving something, thoughts of eating it
consume me”) and cue-induced craving (e.g., “Whenever | go to a buffet | end up
eating more than what | needed” (Cepeda-Benito et al. 2000). Conversely, the Food
Craving Questionnaire-State includes questions asking about the present moment only,
which could include cue-induced or tonic craving (e.g., “I have an urge for a specific

food”) (Cepeda-Benito et al. 2003).

Tonic craving reflects a general feeling that is experienced either over time or in a
particular moment, in the absence of environmental stimuli. It is often related to
abstinence from a specific food (e.g., consistently craving chocolate when on a diet)
(Jansen 1998) and is typically measured with multi-item self-report
scales/questionnaires, including the Food Craving Inventory (e.g., “I frequently desire

fried chicken”). Such measures of tonic craving are typically higher in restrained eaters
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and increase after deprivation. Nevertheless, tonic craving is not the same as hunger,

and can be experienced in the absence of caloric need.

Cue-induced craving is an acute period of craving, elicited by environmental/external
stimuli (e.g., craving chocolate after seeing a commercial advert (Boswell and Kober

2016).

1.3.5 Causes of food cravings

Although the primary causes of food cravings remain poorly understood, there have
been several theories regarding their origin (Gilhooly et al. 2007). There is also limited
agreement relating to the biological, psychological, and behavioural factors that
control food cravings. To date, three primary themes have been discovered about the
association between food cravings and eating disorders. These are the physiological or
homeostatic theories, learning theories including sensory aspects of food and

psychological or affect-correlated theories (White et al. 2002).

Another study has focused on the biological underpinnings of food cravings and has
raised the possibility that cravings represent a learned appetite for energy that
develops, for example, through the reinforcing effects of eating specific foods when
hungry (Gibson 2001). Neurological explanations for reinforcement include responses
to eating mediated by the release of dopamine in the nucleus accumbens and
neostriatum (Martel and Fantino 1996, Berridge 1996) or altered endogenous opioid
peptide synthesis and release, which have been proposed to induce food cravings by
increasing perceptions of palatability (Mercer and Holder 1997). However, the latter
suggestion is also supported by reports that food cues and sensory stimulation cause a

rise in food cravings and intake whether in a hungry or satiated state (Lambert et al.
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1991), representing a role for conditioning independent of any metabolic requirement
for food. Further studies have stated that factors such as mood and food images are
common antecedents to food cravings (Tiggemann and Kemps 2005).

Some studies have considered the role of cravings for specific food classes (e.g.,
carbohydrates, sweets, and fats) and have confirmed differences in the types of foods
craved according to sex, age, hunger state, time of day, and phase of the menstrual
cycle. Carbohydrate craving has been most frequently studied (White et al. 2002).
Craving has also been suggested as corresponding to addiction, and as such, is reliant
on the percentage of dopamine to acetylcholine in the nucleus acumbens (Leibowitz

and Hoebel 2004).

1.3.6 Food craving assessment

To measure food craving, several ways have been established (Meule and Hormes
2015). Earlier studies regarding the assessment of food cravings in normal life,
however, used paper-and-pencil methods such as the craving record sheet (Hill,
Weaver and Blundell 1991). In this type of measure, participants entered craving
episodes by hand each time they had felt a need to eat a specific type of food
regardless of consumption. It was found that momentary cravings co-occurred with

thoughts about craved foods or the presence of these foods (Richard et al. 2017).

Nowadays, different procedures have been established such as the Food Cravings
Questionnaires (FCQs, including a state and a trait version; (Cepeda-Benito et al. 2000),
the Attitudes to Chocolate Questionnaire (ACQ; (Benton et al., 1998)), the Orientation
towards Chocolate Questionnaire (OCQ; (Cartwright and Stritzke 2008)) and the Food
Craving Inventory (FCl; (White et al. 2002)). Each of these measures represents

different approaches to the craving construct (White et al. 2002). Both the ACQ and
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OCQ are considered to estimate cravings specifically correlated to chocolate and
highlight the association between craving and feelings of guilt. The FCI measures
cravings connected to different types of food (carbohydrates/starches, fast-food fats,

high fats, sweets).

1.3.6.1 The Food Craving Inventory (FCI)

The Food Craving Inventory (FCl) is of particular interest, given that differently from
other measurements, it emphases specific foods. This inventory divides its 28 items
into four subscales (“Sweets,” (brownies, cookies, candy, chocolate, donuts, cake,
cinnamon rolls, ice cream), “High fats,” (fried chicken, sausage, gravy, fried fish, bacon,
cornbread, hot dogs, steak), “Carbohydrates/starches,” (rolls, pancakes/ waffles,
biscuits, sandwich bread, rice, baked potato, pasta, cereal), and “Fast food fats”
hamburger, French fries, chips, pizza) (White et al. 2002). The FCl evaluates how
frequently each food was desired over the previous month on a 5-point Like scale

ranging from 1 (never) to 5 (always/almost every day) (Chao et al. 2015).

The FCI has been modified for the UK population by Nicholls and collaborators and it
displayed the same factors as the original FCI (Nicholls and Hulbert-Williams 2013).
There are Spanish and Japanese versions with differences, these have three- and five-
factor solutions, respectively. However, they all show in general a clear discrimination
in craving for different food groups, with “Sweets,” “High fats,” and “Fast food”

dependable across the three studies (Tarragon et al. 2017).

The FCl has established satisfactory reliability in the field of eating behaviours, with
discriminant validity with the restraint scale of the TFEQ, and concurrent validity with
the Conceptual Craving Scale. The FCl has been demonstrated to have acceptable
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internal consistency, reliability and test-retest reliability in adults (White et al. 2002).
Further psychometric support for the FCl has been established in varied public and
scientific samples (Barnes et al. 2010, White and Grilo 2005) and has been
demonstrated to be valid in evaluating food craving. After the validation of the original
instrument, later studies replicated the results with regard to both structure and

category.

1.3.7 Food craving and food intake

Although experiencing food cravings does not always result in subsequent food intake,
previous studies reported positive associations between state (Meule and Hormes
2015) and trait food craving (Martin et al. 2008) with consumption of the craved food
in the lab (Richard et al. 2017), Questionnaire-based and laboratory studies revealed
that individuals with elevated levels of trait food craving (i.e., high trait food cravers)
seem to prefer high-calorie foods and are more susceptible to experiencing food
cravings spontaneously or when confronted with external food cues. Studies that
applied food diaries, however, have been less consistent. For example, food cravers
reported a descriptively, but not significantly, higher energy intake than non-cravers in

a small sample (Meule et al. 2017).

High trait food cravers also stated higher craving intensity when they were asked to
imagine their preferred food (Tiggemann and Kemps 2005) or were shown images of
appetising foods (Meule et al. 2014). Likewise, high trait chocolate cravers
demonstrated more positive attitudes towards chocolate, higher reward- associated
brain stimulation during thoughts about chocolate, and had difficulties disengaging

their attention from chocolate cues (Kemps and Tiggemann 2009).
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Furthermore, these cravings were often followed by consumption (Hill and Heaton-
Brown 1994). In a more recent study, both trait level and state-level cravings were
accompanied by consumption (Forman et al. 2013), demonstrating the behavioural a
consequence of food cravings as well as the presence of inter individual differences.
Equally, total energy intake was higher in female trait food cravers than in non-cravers

in a study using a three-day food record (Lafay et al. 2001).

However, several situational and individual features can affect whether craved foods
are truly consumed (Hill 2007). For example, the moderating effect of trait food
craving on the relationship between state food craving and subsequent consumption
has received little attention. Thus, additional research is required on how closely state
cravings, feelings about foods, and food intake are interconnected as a function of trait

food craving in normal life (Richard et al. 2017).

1.3.8 Food craving, weight gain and obesity

Food craving is clinically significant because it is potentially accompanied by, and
predicts, over-eating and subsequent body weight increase (Boswell and Kober 2016).
The rise in food cues in the environment is a society-level mechanism whereby craving
stimulates obesity, which, as consequence, increases craving and eating at the
population-level. Certainly, the rising rates of overweight and obesity have been linked
with increases in the accessibility and advertisement of unhealthy/high caloric foods
(Swinburn et al. 2011). Therefore, individuals who live in an environment that contains
calorie rich foods (e.g., fast food, such as McDonalds) eat those foods more regularly,
which results in a higher BMI (Brownell and Horgen 2004). Furthermore, the presence

of “junk food” advertisements serve as a salient food cue, leading to even more
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regular unhealthy food eating (Harris et al. 2009). Some have called this an
“obesogenic” or “toxic” food environment, wherein ultra-prevalent food and food cues
lead to increased craving, food consumption, and weight gain (Morris et al. 2015,
Wadden et al. 2002). While this environment affects everyone to some degree, some
individuals may be more sensitive to food-related cues or experience more craving,
which may be related to weight-gain (Ferriday and Brunstrom 2011, Tetley et al. 2009).
Individuals who report tonic food cravings show higher caloric intake than those who
report infrequently undergoing food craving (Hill et al. 1991), however it is not

possible to determine whether this is due to cause or effect.

Tonic craving for specific foods or food groups also predicts consumption of these
certain foods (Martin et al. 2008). Tonic and trait food craving are associated with
long-term weight consequences such as more weight gain over time and lifetime high
BMI (Cushing et al. 2014, Demos et al. 2012, Gilhooly et al. 2007). Likewise, food cues
and cue-induced food craving are also accompanied with food intake. For example,
exposure to food cues causes a craving response that leads to consequent eating, such
that higher cue-induced craving levels are accompanied with greater food
consumption (Fedoroff et al. 1997). Additionally, cue-induced food craving predicts

overeating in overweight children (Jackson et al. 2003) and adults (Ng and Davis 2013).

In a nonclinical population, one study found that both neural food cue reactivity and
self-reported craving predicted subsequent eating over a period of one week (Lopez et
al. 2014). Furthermore, in a quantitative meta-analysis; both tonic and cue-induced
food craving were found to be prospectively predictive of eating and long-term weight
increase across 45 studies, with a medium effect size. Significantly, these craving
measures accounted for 11 percent of the variance in eating -related outcomes, which
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is higher than any other single predictor of eating and weight (Boswell and Kober 2016).
Given that food craving is strongly associated with increased food intake and eating,
weight gain, its investigation is key to understanding obesity, and may inform

prevention and treatment approaches (Potenza and Grilo 2014).

1.3.9 Food craving and weight loss

As high food cravings for certain foods have been related to previous dieting failures
(Meule et al. 2011) and prospectively predict increased food intake and weight gain
(Boswell and Kober 2016) data about the characteristics of food cravings is important
for health behaviours in several fields. Moreover, it has been proposed that cravings
may increase with dietary monotony without energy restriction (ER) (Pelchat et al.
2004), however, such suggestions seem to be contradicted by other studies using
monotonous diets to achieve ER that have detected reductions in cravings (Martin et
al.2006).

The importance of food cravings in achievement, or lack of success, with dieting is also
unclear. Earlier data have proposed that a short-term reduction of energy intake may
raise the reinforcing value of food (Raynor and Epstein 2003). However, varied results
have been found when observing the effect of longer-term weight loss diet programs
on food cravings (Martin et al. 2006), Some studies have stated that following low-
energy diets, particularly monotonous programmes leads to a reduction in food
cravings (Harvey et al. 1993). However, this opinion is at odds with the separate
finding that missing favourite foods is a commonly cited cause of giving up a weight
loss diet (LaPorte and Stunkard 1990) but there are differences in study design, some
used cross-sectional and the other used longitudinal data which may have contributed
to the inconclusive results obtained to date (Gilhooly et al. 2007).
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Other studies have examined both actual dietary intake and stated food cravings,
however, the results have not been able to determine whether foods reported as
craved foods are truly consumed in the diet and whether the intake of craved foods
changes with weight loss (Gilhooly et al. 2007). Some interventional studies have
mentioned that both surgical and non-surgical weight loss treatment studies have
often found decrease in food cravings, with greater decreases being related to greater
weight loss (Batra et al. 2013, Leahey et al. 2012). However, no strong associations
have been found between baseline levels of food cravings and weight loss (Martin et
al. 2011). While higher trait food craving scores at baseline were related to higher
weight loss in a behavioural weight-loss treatment study (Batra et al. 2013), pre-
surgical trait food craving scores did not predict post-surgical weight loss in bariatric
patients (Leahey et al. 2012). More frequent cue-elicited food cravings before surgery
predicted higher weight loss after surgery, but more frequent feelings of guilt resulting
from cravings before surgery predicted lower weight loss after surgery (Crowley et al.
2012).
1.4 The genetics of common obesity

A significant proportion of obesity is heritable. Family and twin studies have
highlighted that genetic factors contributes 40-70% of the variation in common obesity
(Maes et al. 1997). Many of the physiological processes underlying energy homeostasis
such as eating behavior, physical energy expenditure, appetite regulation, satiety
signaling are under genetic influence (Cheung and Mao 2012, Ramachandrappa and
Faroogi 2011). The initial understanding of genetic factors was primarily in relation to

monogenic forms of obesity. The rapid advancement of the field of genetics has

50



started to reveal much about the genetic makeup of many previously poorly

understood complex traits such as obesity and diabetes.

1.4.1 Genetics, dietary habits and obesity

A probable occurrence of obesity is due to the interaction between environmental
variables and obesity related genes. It has been suggested that the response to the
environmental changes and weight increase is different between people and this
highlights the hereditary variables that prompt this variety in their response (Zhao et
al. 2014). A significant role of genetics in the pathogenesis of obesity has been
identified. Indications for a strong heritable link between the influence of genes and
human obesity is consistently recognized by twin, family and adoption studies (Maes et
al.1997). Twin studies in children frequently create strong assessments for food intake
such as regularity of eating specific foods, satiety and enjoyment of food (Cecil et al.
2012).

Other studies that use a family approach have indicated a modest genetic impact on
energy intake and food preference, though when food intake is observed under
controlled laboratory circumstances, familial aggregation of energy intake and
favouring for fat, protein and carbohydrates is significant (Faith et al. 2004).
Particularly, a modern family-based study using a genome-wide screening approach
has discovered significant heritability assessments for dietary intake (fat, protein,
carbohydrate) in children, ranging from 47 — 69% (Cai et al. 2006). Eating in the
absence of hunger (EAH) linked positively to increase weight is one of the hyperphagic
dietary behavioural characters that is used in children to measure adaptable eating,
and eating levels, this is also recognized as being under significant genetic control in

children (Cecil et al. 2012).
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Supporting evidence from Rankinen & Bouchard (2006) demonstrated that appetite
and eating behaviour connected with susceptibility to weight increase are also under
significant genetic control (Rankinen and Bouchard 2006). Much of this work has been
focused in adults, where heritability assessments of the order of 65% have been
detected for energy intake (de Castro 1993); macronutrient consumption, meal
frequency, meal size, and dietary behavioural phenotypes such as emotional, restraint,
hunger, and disinhibited eating which are also under genetic influence (Keskitalo et al.

2008).

1.4.2 Single nucleotide polymorphisms as markers of disease

The single nucleotide polymorphism (SNP) is the simplest and most common form of
genetic variation observed in humans and results from a single nucleotide change in
the DNA sequence of an individual. A SNP is defined as occurring at a frequency of
greater than 1% in a population. Over 3 million SNPs are thought to occur in the
human genome, occurring approximately once every 1000 bps though the density of
such variation depends on the chromosome region. SNPs are responsible for genetic
variation for population diversity, susceptibility to disease and response to
medications. SNPs are distributed throughout the genome and occur in coding regions,
non-coding regions as well as intergenic regions. Polymorphisms which do not result in
a change in protein sequence are termed synonymous SNPs. In contrast non-
synonymous SNPs result in a change in amino acid sequence which may lead to a

functionally different protein.

More than 500 genetic loci for a range of adiposity traits have been identified. More

than 80% of loci were first identified in populations that were exclusively or
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predominantly of European ancestry. Despite much smaller sample sizes, GWAS of
exclusively Asian or African ancestry populations have identified at least 64 additional
loci for BMI, and 18 for WHR that had not been identified in much larger European
ancestry GWAS (Akiyama et al. 2017, Ng et al. 2017, Locke et al. 2015).

The most recent GWAS meta-analysis for body fat percentage (BFP), (Nmax 100,000)
identified five novel loci that had not been reported by much larger GWAS for BMI or
WHR adjusted BMI (Lu et al. 2016). Most notable is a locus near IRS1, of which the
BFP-increasing allele protects against type 2 diabetes and cardiovascular disease — an
unexpected association, mediated through an effect on fat deposition (Lu et a/.2016).
Several other BFP-associated loci (in/near COBLL1, TOMMA40, and PLA2G6) stand out
because of cross trait associations similar to the near-IRS1 locus (Lu et al.2016). For
most loci, associations are directionally consistent across ancestries, but allele
frequencies and/or effect sizes may differ. Loci discovered in the earliest, and thus
smallest, meta analyses tend to have the largest (albeit modest) effect sizes. As sample
sizes increase with each new meta-analysis, the power to identify variants with smaller
effect sizes and/or lower minor allele frequencies (MAFs) increases and the variance
explained by each new locus becomes incremental. Current GWAS-identified loci
combined explain 4% of the phenotypic variation of BMI. For WHR adj BMI, effect sizes
and variance explained tend to be larger for women (2.7%) than for men (1.4%) (Loos
etal. 2018).

The current study focuses on one of the early gene variants that was shown to
contribute to human obesity and dietary habits namely the fat mass and obesity-

associated gene (FTO).

1.4.3 The fat mass and obesity—associated gene, FTO

53



The first obesity risk gene recognised by genome wide association studies (GWAS) was
the fat mass and obesity—associated gene FTO. The discovery of the FTO rs9939609
SNP through GWAS in 2007 by Frayling and colleagues was a key milestone in obesity
genetics (Frayling et al. 2007). Initially discovered in UK type 2 diabetics and replicated
in a larger cohort of Europeans, further identification of FTO variants in two further
studies within the same year established FTO as a leading locus in common obesity
(Dina et al. 2007, Scuteri et al. 2007). FTO is composed of nine exons that span more
than 400 kb on chromosome 16 and is a member of the Fe (ll) and 2 oxoglutarate-
dependent oxygenase superfamily (Larder et al. 2011). According to bioinformatics
analysis members of this family are involved in post translational modification, DNA
repair and fatty acid metabolism (Gerken et al. 2007). FTO has been found to be
strongly expressed in the brain particularly in the hypothalamic nuclei governing
energy balance (Gerken et al. 2007), a key region for control of appetite behaviour
(Stratigopoulos et al. 2008). Furthermore, FTO mRNA levels in the arcuate nucleus
were found to be regulated by fasting and feeding (Gerken et al. 2007). Several SNPs
are located in the first intron of the gene, a region where the sequence is strongly
maintained across species (Frayling et al. 2007). The SNPs not only affect expression at
molecular level, but also affect body mass, food intake, and energy homeostasis; all
factors that give rise to polygenic obesity. Genomic variants in the FTO gene have also
been linked to a number of diseases such as type 2 diabetes (Frayling et al. 2007),
increased hypertension(Pausova et al. 2009), Alzhemier disease (Reitz et al. 2012), risk
of acute coronary syndrome (Hubacek et al. 2010) increased adiposity (Church et al.

2009) and metabolic abnormalities (Gerken et al. 2007).

1.4.4 FTO SNPs and Obesity Risk
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Frayling et al. (2007) found homozygous carriers of the FTO rs9939609 variant "A’
minor allele recorded greater mean weight of 3 kg and had a 1.7 fold risk of obesity
compared to the non-variant homozygous ‘T’ allele carriers. This correlation has been
detected in children aged 7 years and upward and represents a specific rise in fat mass
(Frayling et al. 2007). A supporting study by Scuteri et al. (2007), found variants in FTO
and PFKP (platelet type phosphofructokinase) genes showing strong association with
increased BMI and weight. On average, each copy of the A-allele raises BMI by around
0.4-0.5 (Yang et al. 2012). Additionally, Scuteri et al also noted that the frequency of
FTO risk allele (AA) was high in European ancestry population, 63% heterozygotes (AT)
and 16% homozygotes (AA) (Scuteri et al. 2007). Moreover, the A-allele of this SNP
relates to increased BMI in age 7 years and older (Cecil et al. 2008). Each additional
copy of the minor allele was associated with a 0.39 kg.m2increase in BMI in Europeans
(Speliotes et al. 2010).

Whilst FTO rs9939609 fast became an established biomarker of obesity and obesity
related anthropometric traits in Caucasian populations, initial inconsistencies were
observed in replication in non-Caucasian populations. However larger studies
conducted over the years have been successful in replicating the association of FTO
with obesity in multiple ethnic populations including Chinese (Wu et al. 2014, Tan et al.
2008), Asian Indians (Vasan et al. 2012) and Africans (Peters et al. 2013). The
calculated effect of each copy of the rs9939609 risk ‘A’ allele was 0.26 kg.m™2 BMI
which was a smaller effect than the value observed in Europeans (0.39 kg.m™). The
variation of effect of FTO across different ancestries can be attributable to varying
frequencies of the variant A’ allele and linkage disequilibrium patterns. The minor
allele frequency (MAF) of FTO rs9939609 is greatest in Europeans and approximately

40% (Li et al. 2012).
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Despite the significance of FTO as a marker of obesity, the mechanisms underlying this
association are not fully understood. Evidence from animals and humans strongly
indicates effects on brain food intake and energy regulation. Earlier studies
demonstrated that FTO gene encodes a 2-oxoglutarate Fe (ll) dependant nucleic acid
demethylase and is highly expressed in the hypothalamus (Gerken et al. 2007). FTO
reaches the maximum level in the hypothalamic site of brain tissue that controls food
consumption. Carriers of the FTO rs9939609 risk allele showed changed food intake,
with 505 kJ and 1,231 kJ per day more in A allele carriers and AA allele carriers than TT
homozygotes, respectively (Yang et al. 2012). Selective deletion of the analogous gene
in mice, FTO, results in post-natal growth retardation with loss of adipose tissue,
hypophagia and increased energy expenditure indicating a role of the gene in energy
homeostasis (Fischer et al. 2009).

In contrast, mice engineered to over-express FTO show increased body mass and
hyperphagia (Church et al. 2010). Recent evidence associates FTO with the expression
of iroquois-related homeobox (IRX3) gene, which has direct effects on body mass and
metabolism in mice (Smemo et al. 2014). In humans, the study of FTO on eating
behaviours has generated great interest and growing evidence supports a role of FTO
in food intake and eating behaviour. For instance the FTO SNPs risk alleles have been
associated with increased energy intake (Haupt et al. 2009, Speakman 2008) and
eating behaviours (Harbron et al. 2014). Therefore, the investigation of the
relationship between FTO variants and various eating behaviour dimensions can help
in understanding how FTO predisposes to obesity.

In addition to the A allele of rs9939609, other FTO SNPs have been showed to be
related to obesity, for example, the FTO SNP rs8050136 has also been considered as an

obesity risk factor through regulating energy intake rather than energy expenditure



(Haupt et al. 2009). Supporting evidence from Park et al. (2013) showed that the risk
allele for FTO SNP rs8050136 was also associated with BMI increasing (Park et al. 2013).
Another SNP rs3751812 is in complete linkage disequilibrium with SNP rs9939609, with
the genotypes of these two SNPs in concordance with each other. Okuda et al in a case
control study indicated that T-allele of rs3751812 raises risk for obesity by 120-170% in
Japanese (Okuda et al. 2011). In addition, SNP (rs1558902) is also in linkage
disequilibrium with SNP rs9939609. The minor allele (A-allele) was associated with 41%
increased risk for obesity with each copy of the C-allele contributing a BMlI rise of 0.22-
0.38 in the general population (Hotta et al. 2008). In addition, T-allele of rs3751812
increases risk for obesity by 27% in Caucasians and 31% in African Americans (Grant et

al. 2008).

1.4.5 FTO, eating behaviours and food craving

It has also been proposed that FTO influences food reward mechanisms. Individuals
with at least one A allele of FTO rs9939609 (the first FTO single nucleotide
polymorphism associated with obesity) have been reported to show greater externally
driven eating (Velders et al. 2012), lowered satiety (Wardle et al. 2008), enhanced
fMRI response to food (Karra et al. 2013) and report more frequent loss of control
over eating than those having two T alleles (Tanofsky-Kraff et al. 2009). The latest
study indicates that FTO controls ghrelin concentration through the methylation of
ghrelin mRNA. Increased FTO activity in the risk allele carriers leads to decreased
ghrelin mRNA methylation and enhanced ghrelin expression (Karra et al. 2013). In fact,
reduced satiety of risk variant carriers has been suggested to be the main reason for
increased food consumption and subsequently increased BMI by several

epidemiological studies.

57



Cecil and colleagues in 2008 were the first researchers who established the reduced
satiety of risk variant carriers in a study including 2,726 Scottish school children, where
the role of the risk variant in metabolism and eating behaviour was examined (Cecil et
al. 2008). Other studies using different procedures established the linkage between
FTO risk variant and diminished satiety. For example, the relation between A-allele of
the SNP rs9939609 and considerably reduced satiety was confirmed by a study based
on psychometric measurement of eating behaviours through questionnaires in 3,337

participants in the UK (Cecil et al. 2012, Wardle et al. 2008).

Another study including 103 adults of Western European descent used visual analogue
scales, a psychometric measurement using questionnaires, to determine the
postprandial (after meal) response to hunger and satiety, after the participants were
given test meals according to their energy needs. The results revealed that individuals
with low postprandial responses in satiety were highly represented among the risk
allele carriers compared to the non-carriers. This information established the link
between risk variants and reduced satiety from another angle (den Hoed et al. 2009).
In addition, risk variant carriers tend to eat foods containing more total calories, have a
preference for energy-rich fatty foods, enjoying tasty food after having eaten a meal,
and eat more repeatedly during the day. On average, adult risk variant carriers
consume between 125 and 280 calories more each day compared to non-carriers
(Sandholt et al. 2012).

In a study that examined the link between the FTO variants and food preference
(among 27 food groups), the result showed that A-allele carriers of rs9939609
consumed considerably more biscuits, pastries, fatty meats, ice cream, fruit, cereal,

cheese and significantly less soft drinks and salty snacks (Brunkwall et al. 2013). The



study mentioned that the food groups consumed more by the A-allele carriers were
usually appetizers, desserts, or snacks. Another study also showed that increased
snacking is associated with the A-allele carriers (McCaffery et al. 2012). Supporting
evidence was provided by Park et al., who investigated whether there was a link
between FTO and food choices and found a higher percentage of calories came from
fat (Park et al. 2013).

Furthermore, a study conducted with different groups of people established the
association between FTO variant carriers and preference for high calorie-dense foods
and other correlated eating behaviours, such as enjoying palatable foods and snacking
more frequently (Timpson et al. 2008). In agreement with Timpson et al., evidence by
Harbron et al (2014) found risk alleles of the FTO polymorphisms were associated with
higher intake of high fat food and refined starches accompanied with depressive

symptoms in Caucasian adults (Harbron et al. 2014).

The control of eating is particularly hard in the context of heightened food cravings
(Hill 2007), but few studies have addressed whether FTO rs9939609 is related to
alterations in food cravings. One study (Huang et al. 2014) observed no relationship
between FTO and participants' responses to one question about how often they
experienced cravings in the previous week, but there was an indication of a possible
interaction between FTO and diet on the change in craving from baseline to 6 months
after participating in a weight loss program, with evidence of an FTO effect only arising
in those with high protein intake. In evaluating such a result, it is worth noting that
food craving is a multidimensional construct (Cepeda-Benito et al. 2000). It is not clear
which aspects of craving this single-question test captured and how different aspects

of cravings relate to FTO. It is also unclear whether the restriction of the sample to



overweight and obese subjects impacted the ability to observe effects (Dang et al.
2018).

Given the importance of dopamine to reward and addictive behaviour (Di Chiara and
Bassareo 2007), it is striking that at the neurochemical level, mice with deficient FTO
expression exhibit characteristics similar to mice lacking midbrain dopamine D2
receptors (DRD2) (Hess et al. 2013, Bello et al. 2011). Moreover, inactivation of the
FTO gene impaired DRD2-dependent neuronal and reward responses in mice, though
the study did not observe a significant difference in body weight or DRD2 expression
between FTO-deficient and control mice (Hess et al. 2013). Further evidence of FTO’s
effects on dopamine-dependent reward learning (Sevgi et al. 2015) and resting state
functional connectivity in dopaminergic circuitries (Olivo et al. 2016) has led to the
recent proposal that FTO alters DRD2 function in the presence of an obesogenic diet to
confer risk of obesity (Sun et al. 2017). Evidence of an association between FTO and
DRD2 function in humans would further support this hypothesis (Dang et al. 2018).
Potential relationships between FTO, cravings, and DRD2 availability must unfold in the
context of life-span development. Fat mass is well-known to increase across adulthood
(St-Onge 2005) and at least one FTO risk gene (rs1421085) has been reported to
impact the trajectory of weight gain as well as personality traits and ventral and medial
prefrontal brain functions (Chuang et al. 2015). At the neurochemical level, the most
replicated finding in the dopamine imaging literature is the robust decline in DRD2
availability across adulthood (Dang et al. 2018), recently reported that associations
between DRD2 and BMI change with age. Both the intensity of craving and the number
of foods craved decline with age (Antonini et al. 1993). It is not yet known whether
FTO influences the age-related decline in either food cravings or DRD2. However, given

the developmental trajectories of these phenotypic variables, it is important to
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determine whether any potential relations with FTO vary or interact with age (Dang et

al. 2018).

1.5 Motivation to exercise
Healthy eating and participation in regular exercise are important components of a
healthy lifestyle, and both are recommended for promoting physical wellbeing (Fisher
et al. 2011). However, given the widespread availability of indulgent, high-calorie food
and drink options (e.g., confectionary, junk food, soda/soft drinks), overcompensating
with these types of foods and drinks prior to, or following, exercise may undermine

health and weight loss/management goals (King et al. 2007, Werle et al. 2015).

The consumption of unhealthy foods and drinks following an exercise session as a
compensatory behaviour could counter some of the benefits of exercise, and explain,
at least in part, the variation in weight-loss responses to exercise regimes (Finlayson et
al. 2011, King et al. 2008). Recently, researchers have proposed that an individual's
motivation for exercise may be important in determining post-exercise intake from

hedonically pleasurable snack foods and drinks (Dimmock et al. 2015, Fenzl et al. 2014).

1.5.1 Self-determination Theory

The Self-determination Theory is a macro-theory of human motivation that has a
connection with the development and functioning of the personality within social
contexts. The theory analyses the extent to which human behaviour is volitional or

self-determined, in other words, the degree to which people achieve their activities at
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the highest level of reflection and are involved in the actions with a sense of choice
(Deci and Ryan 1985).

The self-determined subscales (the intrinsic motivation, the integrated and identified
regulation subscales) were grouped to form a global score of autonomous regulation
(Pelletier 2002, Sheldon and Elliot 1998). Autonomous motivation, by definition, is
characterised by a sense of agency, volition, and identity (Dimmock et al. 2015);
similarly, the non-self-determined subscales (the introjected and external regulation
subscales as well as the amotivation subscale) were grouped to form a global score of
controlled regulation (Pelletier 2002, Sheldon and Elliot 1998). Controlled motivation is
reflected in a sense of inauthenticity and pressure, autonomously motivated
exercisers, as opposed to those possessing controlled motivation, are more likely to
embrace a goal commitment focus during/post exercise, and this focus should dampen
their desire to pursue the contradictory goal of unhealthy snack consumption
(Dimmock et al. 2015).

One of the theories in the Self-determination Theory is the Organismic Integration
Theory by Ryan and Deci which postulates the different forms of motivation to
exercise and the related factors that either encourage or avoid their internalisation
and integration in behavioural regulation (Ryan and Deci 2000) . These writers create a
taxonomy where motivation is organised in the form of a continuum that covers the
different degrees of self-determination of behaviour, from the non-self-determined, to
the self-determined, establishing three types of motivation (amotivation, extrinsic
motivation and intrinsic motivation) and a series of behavioural regulation stages
(amotivation, external regulation, introjected regulation, identified regulation and

intrinsic regulation). Every one of the motivation types is determined by a series of
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regulatory processes, which can be values, rewards, self-control, interests, fun,

satisfaction, etc (Murcia et al. 2007).

1.5.2 The Behavioural Regulation in Exercise Questionnaire (BREQ)

The Behavioural Regulation in Exercise Questionnaire (BREQ) was created to measure
self-determined motivation in physical exercise (Mullan et al. 1997), the original
questionnaire was established to measure external, introjected, identified and intrinsic
regulation which was after that reviewed and finalised by Markland and Tobin and
validating it as BREQ-2. This study adds another factor to these four: amotivation

(Markland and Tobin 2004).

1.5.3 Exercise motivation and food intake and eating behaviours

Most of the previous studies in this field focused on effect of exercise on post exercise
food intake and most of them used exercise motivation as predictor to post exercise
food intake. Fenzl et al. invited participants with varying types of exercise motivation
to complete a 20 min cycle session labelled as either “fat-burning” or “endurance”
training, and then offered participants unhealthy snacks (a large bowl of pretzels). The
researchers found an interaction effect between exercise framing and contextual
motivation, but in general, autonomously motivated exercisers consumed less of the

unhealthy snack food than those exhibiting controlled motivation (Fenzl et a/.2014).

Many individuals have difficulty maintaining an equilibrium between fulfilling
immediate desires (e.g., consuming pleasurable snacks) and satisfying long-term goals
(e.g., for health) (Muraven and Baumeister 2000, Ramanathan and Menon 2006). It
has been proposed that one cognitive strategy people employ to reach this equilibrium

is to activate compensatory beliefs (Knduper et al. 2004). These compensatory beliefs
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reflect the idea that the negative effects of one behaviour can be neutralised or
compensated for by the positive effects of another. According to the compensatory
beliefs model (Knduper et al. 2004) when goals associated with pleasure and harm
come into conflict (e.g., “this cake will be tasty but it is unhealthy”), a negative
intrapersonal state of cognitive dissonance is created. Cognitive dissonance reflects an
aversive motivational state that occurs when an individual holds two cognitions that
are inconsistent with each other (Dimmock et al. 2015).

Conceptual work indicates that compensatory health beliefs are more likely to be
active when individuals experience controlled motivation for a task (Rabia et al.2006).
Compensatory beliefs become active when people face a conflict between goals to
maximize pleasure and to minimize harm. In the case of controlled exercisers, the
experience of physical activity satisfies the goal to minimize harm—most individuals
are likely to recognize at least some health benefits of physical exercise. However,
these individuals are less likely to simultaneously satisfy their desire to experience
pleasure while undertaking physical activity, so the potential for conflict between

maximizing pleasure and avoiding harm is salient for these people.

Goal conflict is less problematic for those who are autonomously motivated for
exercise, because their experience of autonomous functioning is likely to satisfy both
positive instrumental and affective goals (Nix et al. 1999). As such, individuals who are
controlled in their exercise regulation are more likely to activate compensatory beliefs
to satisfy their multiple goals, and preliminary empirical work by Miquelon et al. (2012)
has supported this premise. These authors found that autonomous motivation toward
weight loss lessened participants’ activation of dietary compensatory beliefs, and that

compensatory beliefs weakened consistency in adherence to dieting rules.
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1.6 Alexithymia

While there have been numerous studies examining the role of mood, emotions, and
emotional regulation and the links to gaining weight in people with obesity, the
particular process by which emotions affect eating behaviour remains elusive (Silva
2015). Research has provided evidence in support of theories that favour an emotion
regulation model of eating behaviours (Anestis et al. 2009). These theories speculate
that individuals become involved in dysregulated eating behaviours to improve
negative affect. Some individuals may eat as an emotion regulation strategy thereby
developing problematic eating behaviours.

Consequently, problems with emotional regulation may contribute to the
development and maintenance of difficult eating behaviour. In addition, it has been
suggested that patients use maladaptive eating behaviours (e.g., bingeing, purging,
dietary restriction) and excessive exercise as a way to avoid or cope with their
emotions (Cooper 2005). Specifically, an early childhood environment in which
emotions are viewed as unacceptable or frightening leads to the development of the
belief that emotions are bad and should not be experienced or expressed. These
beliefs become activated each time that an emotion is experienced, which then leads
to a secondary emotion (i.e., an emotion in response to another emotion) such as
shame, guilt, or disgust about experiencing an emotion. These secondary emotions
increase the patient’s distress and decrease his/her coping abilities, thus leading to
engagement in eating disorder behaviours in an attempt to avoid or cope with the

emotion (Corstorphine 2006).

1.6.1 Definition of Alexithymia
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The concept of alexithymia was first identified by Sifneos who described a set of
characteristics originally observed in people with psychological problems that included
difficulties identifying feelings and differentiating between feelings and bodily
sensations, difficulties communicating feelings, lack of fantasy, and a concrete
cognitive style focused on the external environment (Sifneos 1996). Alexithymia is
defined as an inability to describe and/or recognise one's own emotions and is
considered a common feature in eating disorders. Alexithymia is likely associated with
problems in modulating affects and with difficulties in the interpersonal and social
realm (Taylor et al. 2016).

Research has focused on both understanding alexithymia and on measuring it in both
clinical and general populations. Alexithymia is known to be present in several
psychiatric disorders, including depression (Li et al. 2015); Obsessive-Compulsive
Disorder (Roh et al. 2011); Schizophrenia (O'Driscoll et al. 2014); Post-Traumatic Stress
Disorder; Autism Spectrum Disorder (Berthoz and Hill 2005) and eating disorders
(Gramaglia et al. 2016).

Prevalence estimates of alexithymia within the general population, as measured by the
twenty-item Toronto Alexithymia Scale [TAS-20] (Pinna et al. 2014), range from 5.2 to
18.8%, with a prevalence of 18% being reported in a British undergraduate sample
(Mason et al. 2005). In this study, alexithymia was found be to be more prevalent in
females than in males. Alexithymia is also associated with higher levels of sub-clinical
disordered eating in undergraduate females (Ridout et al. 2010), mirroring what has
been found in eating disorder populations (Courty et al. 2015, Beadle et al. 2013,

Nowakowski et al. 2013).
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1.6.2 Assessment of Alexithymia

Alexithymia is assessed by the Toronto Alexithymia Scale (TAS-20) which is a well-
validated self-report scale composed of 20 items (Bagby et al. 1994). In addition, it has
been found to be stable and replicable across clinical and nonclinical populations
(Bagby et al. 1994), on which participants rate their level of agreement to statements
on a five-point Likert scale, yielding a total score as well as subscale scores designed to
measure: difficulty identifying feelings (DIF) and to distinguish them from somatic
sensations accompanying emotional arousal (e.g. ‘1 am often confused about what
emotion | am feeling’” and ‘1 have feelings that | can’t quite identify’), difficulty
describing feelings (DDF), the ability to describe feelings to other people (e.g. ‘1 am
able to describe my feelings easily’ and ‘It is difficult for me to reveal my innermost
feelings, even to close friends’) and externally-oriented thinking (EOT). (e.g. ‘I prefer to
analyze problems rather than just describe them’ and ‘looking for hidden meanings in
movies or plays distracts from their enjoyment’).

The maximum possible score on the TAS-20 is 100, a cut-off score of 60 is used to
classify as having alexithymia, with a score of 61 or above indicative of high levels of
alexithymia (Taylor et al. 1999). The TAS-20 demonstrates good reliability and factorial
validity (Wise et al. 2000). In addition, it is a useful screening instrument for both

English and non-English speaking populations (Taylor et al. 2003).

1.6.3 Alexithymia and Eating Behaviour

While alexithymia is described as a stable personality trait (Martinez-Sanchez et al.
2003) it correlates highly with symptoms of both depression and anxiety and may be a

predisposing factor for the development of other psychopathologies (Taylor and Bagby
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2004). In addition, alexithymia is thought to underlie emotional difficulties in
individuals with eating disorders (Brewer et al. 2015) and has been implicated in both
the development and maintenance of disorders (Treasure and Schmidt 2013). It is also
related to poorer treatment outcome, making it a relevant treatment target (Pinna et

al. 2014).

The involvement of alexithymia in eating disorders has been shown (Cochrane et al.
1993, Schmidt et al. 1993). In a critical review of the literature on alexithymia in eating
disorders, Nowakowski et al (2013) report that individuals with EDs consistently report
higher levels of alexithymia on the TAS than controls (Nowakowski et al 2013).
However, as this review did not include a meta-analysis of studies, it is not known
whether the effect size is the same across the spectrum of EDs, e.g., in Anorexia
Nervosa (AN), Bulimia Nervosa (BN) or Binge eating disorder (BED), or whether a
diagnosis is associated with higher levels of alexithymia. They report that individuals
with EDs score higher on two of the TAS-20 subscales: Difficulty describing feelings and
difficulty identifying feelings, but not on externally orientated thinking. Performing
meta-analyses of subscale scores will help synthesise this literature further and to
determine whether significant differences exist between groups on all sub-scale scores

(Nowakowski et al. 2013).

The relationships between alexithymia and eating behaviour in obesity have been
sparsely studied and poorly understood. There is empirical evidence suggesting a
relationship between alexithymia and obesity (Clerici et al. 1992). Although some
studies do not support this hypothesis, alexithymia is present in obese or eating-

disorder subjects with psychopathological characteristics. These studies suggest that
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alexithymia could be associated with eating disorders in people with obesity (Pinaquy
et al. 2003). It has been suggested that, in patients with severe obesity, alexithymia
traits might reflect an underlying eating disorder, such as binge eating disorder (de
Zwaan et al. 1995), or cause emotional eating as a result of difficulties in reading

internal cues (Pinaquy et al. 2003).

Little is known about the relationship between alexithymia and eating behaviour in
non-clinical populations. Further research is needed in non-clinical populations to
understand the contribution of alexithymia to general eating behaviour. Therefore, the
association between eating behaviour and alexithymia needs to be inferred from
studies utilising clinical samples. Alexithymia and eating behaviour have mainly been
studied in eating disordered populations beginning with observations of patients with
eating disorders having difficulty recognising and describing emotions that predated
the formulation of the alexithymia construct (Bruch 1962, Bruch 1974). De Berardis et
al., (2007) hypothesised that alexithymia plays an indirect role in the pathogenesis and
maintenance of abnormal eating behaviors and in encouraging depressive symptoms
and lower self-esteem. Abnormal eating behaviours may worsen self-esteem and the

feelings about one’s body (De Berardis et al. 2007).

There are a few studies that investigate the relationships between alexithymia in
emotional eating. Pinaquy et al. (2003) examined the relationship between alexithymia
and emotional eating in 169 women with obesity, with and without binge eating
disorder, emotional and external eating was significantly higher in binge eating
disorder BED participants; there was no difference in restrained eating. Alexithymia

was revealed to be a significant predictor of emotional eating only for the BED group,
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BED women scored higher on the difficulty identifying feelings subscale and the
difficulty describing feelings subscale; the women did not differ on the externally
orientated thinking subscale. For the BED women only, the difficulty identifying
feelings subscale was a predictor of emotional eating. The results of this study support
Bruch's idea of difficulty identifying feelings being central to emotional eating (Bruch
1973).

Larsen et al (2006) investigated the relationship between alexithymia and emotional
eating in a sample of 413 obese men and women. Males and females showed no
difference in the TAS-20 total score, the difficulty identifying feelings subscale or the
difficulty describing feelings subscale. However, men scored higher on the externally
orientated thinking subscale than women. Alexithymia was associated with more
emotional eating with only the subscales difficulty identifying feelings and difficulty
describing feelings being significant. Sex effects were examined and the correlations
between alexithymia and emotional eating were stronger for men than women.
(Larsen et al. 2006).

Results from both, Larsen et al. 2006, Pinaquy et al. 2003 propose that alexithymia is
linked with emotional eating, particularly the difficulty identifying subscale of
alexithymia. Opposing results have been reported by Noli et al. (2010), these writers
studied 150 individuals with obesity undergoing bariatric surgery and 132 individuals at
least 1-year after biliopancreatic diversion (BPD) (Noli et al. 2010). Emotional eating
was measured by organised interview and alexithymia with the TAS-20. High rates of
alexithymia were found in those patients with obesity undergoing bariatric surgery and
in the BPD patients. This conclusion confirms other findings of high incidence rates of
alexithymia in people with obesity (Legorreta et al 1988, Elfhag and Lundh 2007) and

suggests that alexithymia is not secondary to having a chronic state as in the BPD
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group body weight had normalised; while the mean BMI of 34.4 kg/m? for this group is
still considered overweight. Nevertheless, opposing earlier research (Pinaquy et al.
2003) comparison between alexithymics and non-alexithymics revealed no difference
in reported emotional eating.

The research from clinical samples indicates that alexithymia may be related to
emotional eating, in particular the difficulty identifying feelings subscale of the TAS-20;
results for the difficulty describing feelings subscale have been mixed, while externally
orientated thinking does not seem to be related to emotional eating. A limitation of
these studies is that the populations were obese and were motivated to lose weight,
having been engaged in weight management clinics research which may influence the

findings and limit their application to the general population (Larsen et al. 2006).

This overview has provided only a brief account of some studies conducted on the
association of common obesity-associated factors, genetics and BMI. This study
focused on FTO, one of the most studied genes related to obesity. However, there are
a number of genes and other factors that have been shown to also be related to
obesity. Providing information on these factors and the interactions that happen

between them will help in identifying individual therapy for obesity in the future.

1.7 Objectives of PhD

1.7.1 Overall aim

Obesity is an increasing problem, globally. Previous studies have explored relationships
between eating behaviours, BMI and obesity. However there are a number of factors
that interact with eating behaviours that could influence these relationships such as

food cravings, alexithymia, motivation, age, sex and genetics. Therefore, the
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programme of research as part of this PhD was conducted with the aim of investigating

the interactions between BMI, age, sex and FTO genotype.

1.7.2 Specific objectives

The specific objectives of this programme of study as part of the PhD are as follows:

1) Investigate the association between eating behaviours, determined by TFEQ,
food craving and BMI and identify the influence of age, sex, BMI and FTO
genotype on these relationships.

2) Investigate the association between eating behaviours, alexithymia and BMI
and identify the influence of age, sex and FTO genotype on these relationships.

3) Investigate the association between motivation to exercise; eating behaviours
and BMI and identify the influence of age, sex, BMI and FTO genotype on these
relationships.

It is hoped that further understanding of all these interactions and the factors that

influence them will help in addressing the obesity epidemic.

The programme of study as part of this PhD recruited volunteers from Sheffield Hallam
University students and staff and the surrounding area as well as participants from
local weight loss intervention programmes. Chapter 2 describes the general methods

used in each study.
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2 CHAPTER 2: Materials and methods

2.1 Ethics approval and informed consent
Ethical clearance for all studies was granted by the Faculty of Health and Wellbeing
Ethics Committee, Sheffield Hallam University and from NHS research ethics
committee (RECs) IRAS number 17/NE/0018, Sheffield Hallam Number CD 9-2-2015 -
NJM. Participant information sheets (Appendix 5 and 7) and consent forms (Appendix
4 and 6) were also approved by the committee on research and ethical review,
Biomedical Research Centre (BMRC), Sheffield Hallam University. All participants
recruited read the participant information sheet and provided written informed
consent. Samples and questionnaires were allocated a code number to ensure no
identifying details could be linked with the names of the participants. All consent forms
were sealed and separated from the participants study packs to ensure everything was
kept anonymous and confidential. Participants had the right to withdraw at any time.

2.2 Participants
SHU participants
Participants for the Cross-Sectional study (Chapter 3) were recruited through word of
mouth and posters surrounding Sheffield Hallam University campus. A study pack that
included all the questionnaires and the Flinders Technology Associates (FTA cards) for
DNA sample were provided for all participants. All participants completed all the
guestionnaires and anthropometric measurements were taken as will be described

below.
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Rotherham institute for Obesity (RIO - Tier 3 weight management service)

Participants

RIO is a privately-run specialist centre for weight management focusing on one-to-one
or group sessions delivered by exercise therapists in an on-site gym, a dietician, and

specialist nursing team. The team also includes specialist psychological support.

RIO is a unique and specialist centre for the management of weight problems with a
multidisciplinary approach to reducing and maintaining weight loss for both adults and
children. RIO does not claim to have invented the cure for weight problems, and
cannot guarantee weight loss for patients, but it brings together all the NHS approved
and evidence-based methods for weight loss into one primary care based centre in the

hope that they can maximise the chances for weight loss.

Participants were recruited for this study before they entered the weight management
programme, with assistance from the staff at RIO. On arrival they met the nurse and
completed a medical history screen questionnaire (medical, body weight, diet and
psychological) and anthropometric measurements were taken. Thereafter, the study
objectives were explained to each participant in more detail, the questions asked by
the participants were answered. A consent form was signed by all the participants who
agreed to take part in the study. A DNA sample was collected using an FTA card the

same day.

During the second session the researcher met the participants and the study pack
containing the questionnaires was collected, anthropometric measurements, body

weight and height were provided by RIO from specialists trained to collect this data.
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Rotherham’s leisure centres — Shapeup (Tier 2 community weight management

intervention) Participants

The Shape Up initiative is available for people who feel they need extra support to lose
weight, gain fitness and improve their overall health and wellbeing. Experts provide
several Shape Up programmes at venues across Rotherham. Following an initial
assessment, people are given advice, guidance and practical solutions to help them
find the best way to lose weight and access support. The Shape Up service for adults
includes a free 12-week gym membership at one of Rotherham’s leisure centres
alongside 10 structured sessions in a group of 12-15, 2 hours for each group session
focusing on weight management, developing healthy eating habits and enjoying being
more active, more often.

Participants from shape up were recruited by visiting the centre and meeting each
group during their first session. The study objectives were explained to each group in
more detail, the questions asked by the participants were answered, and the consent
form was signed by all participants who volunteered to participate. A study pack
including all the questionnaires, the participant information sheet, consent form and
FTA card was provided. During the second session the principal investigator met the
participants and the study pack was collected. Anthropometric measurement (body
weight and height) were provided by shapeup from specialists trained to collect these

measures.

The community-based exercise and diet intervention programme — Concorde Leisure
Centre Participants

Participants were referred to the programme by their general practitioner via a
Physical Activity Referral Scheme (PARS), which adheres to the National Quality
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Assurance Framework (NQAF) for PARS. The programme was delivered by accredited
physical activity professionals (Register of Exercise Professionals: REPS), and the
scheme is independently accredited by the City of Sheffield Physical Activity referral
group.

A total of 100 adults with overweight or obesity who were participating in a
community-based exercise and diet intervention programme took part in the study
prior to starting a 12-week weight management intervention programme based on
lifestyle modification, in line with NFAQ standards for PARS. The programme included
both physical activity and diet and nutrition advice and involved a combination of
home-based and PARS centre-based activities, with ongoing support from accredited
physical activity professionals. All participants had their weight, height to determine
BMI.

Table 2-1 summarises the participants included in this study by chapter. Some data
and FTA cards for groups 1 and 2 had previously been collected by the candidate's
supervisor, however the raw data from all questionnaires was re-inputted for all

participants and all samples were re-genotyped.
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Table 2-1 The place and the number of the participants included in each study and
the relevant chapter

Group Location and participant groups Numbers of | Chapter
number participants
1 Sheffield Hallam University - Staff and students 424 3and 4
2 Community-based exercise and diet intervention 100 4
programme based at Concorde Leisure centre
3 Rotherham Institute for Obesity — patients 32 4and5
referred to a Tier 3 weight change programme
4 Rotherham’s  leisure centres Shape up 51 3,4
programme — Tier 2 group intervention and 5
2.3 Anthropometry

Anthropometric measurements were conducted in all studies described in this thesis

as follows:

2.3.1 Height

Height was measured using a wall-mounted stadiometer (Seca, Hamburg, Germany).
Participants stood barefoot with their heels together against a wooden back plate.
Subjects kept their arms loosely by their side. The head was placed in the Frankfort
Plane i.e. a horizontal line between the lower orbits of the eyes and the external
auditory meatus. The stadiometer head plate was lowered onto the top of the head

and then the height was recorded to the nearest 0.1 cm

2.3.2 Weight

Weight was measured to the nearest 0.01 kg using a balance beam scale (Avery,

Birmingham, U.K.). Subjects wore light clothing, removed their shoes and jewellery and
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were told to remove anything from their pockets while being weighed.

2.3.3 Body mass index (BMI).

BMI was calculated as weight in kilograms divided by the square of height in metres.
Table 1.1 in chapter 1 shows the international definitions of generalised and central
obesity.
2.4 Eating Behaviours
The Three-Factor Eating Questionnaire-R18 is a shortened version of the original 51-
item TFEQ (Stunkard and Messick 1985) (Appendix 1). The questionnaire measures
three different aspects of eating behaviour: (a) restrained eating (b) uncontrolled
eating and (c) emotional eating. The questionnaire comprises of 18 items that are
measured on a 4-point response scale (definitely true: 4, mostly true: 3, mostly false: 2,
definitely false: 1) and items scores are summated into subscale scores: CR, UE and EE..
2.5 Food Craving
The food cravings inventory (FCI) developed by (White et al. 2002) see Appendix 2, is a
valid self- report measure of specific food cravings in a subjective manner within the
past month. The questionnaire consists of 28 items measuring the frequency of
cravings for a specific food item on a scale of 0-never to 4-almost every day. Each food
item belongs to a subscale as shown in table 2.2. A total score for each subscale is

calculated by the summation of each food item score for each participant.

The FCl has established content validity, concurrent validity with the Conceptual
Craving Scale (Hill et al. 1991) and disinhibition and hunger scales of the TFEQ
(Stunkard and Messick 1985b) and discriminant validity with the restraint scale of the

TFEQ. The FCI has demonstrated acceptable internal consistency reliability and test-
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retest reliability in adults. The inventory shows adequate internal consistency
(Cronbach’s & of 0.86 for the fats and sweets subscales, 0.84 for the starches/complex
carbohydrates subscale, 0.76 for the fast-food subscale, and 0.93 for the inventory as a
whole (White et al. 2002). Further psychometric support for the FCl has been
established in diverse community and clinical samples (White and Grilo 2005, Barnes

and Tantleff-Dunn 2010).

Table 2-2 Food craving inventory questionnaire consists of 4 subscales

SUBSCALE
HIGH FAT SWEETS CARBOHYDRATES FAST FOOD
Fried chicken Brownies Breads Hamburger
Sausages Cookies Pancakes French fries
Gravy Chocolate Biscuits Pizza
Fried fish Doughnuts Sandwich bread
Bacon Cakes Rice
Steak Ice-cream Baked potato
Sausage rolls Sweets Pasta
Sponge cake Cereal
Danish pastry
Crisps

Note. Each food item listed is summated accordingly to provide total subscale score.

2.6 Motivation to exercise.
Participants rated their motivation for exercise using the Behavioural Regulation in
Exercise Questionnaire-2 BREQ-2 (Markland and Tobin 2004) Appendix 3. The 19-item
BREQ-2 assesses an individual's reasons for engaging in exercise using a 5-point
response scale anchored at 0 (not at all true for me) to 4 (very true for me). These
scores were added together to provide a total score for each subscale. The BREQ-2

consists of five subscales: amotivation is formed by four items, it covers the subject’s
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non-intentional behaviour. There is no clear reason for exercising. It includes items,
such as “I don’t see why | should have to exercise” or “I can’t see why | should bother
exercising”. External regulation, formed by 4 items, refers to the subject performing
the behaviour as a means of obtaining an external reward or due to influence by
external subjects or factors. The behaviour is performed but controlled by external
contingencies. It has items such as “Because others say | should”, “Because my
friends/family/partner say | should” or “To please other people”. Introjected
regulation refers to the way the subject performs the behaviour so as not to feel guilty
or uneasy about not having exercised, it is formed by 3 items , such as “because | feel
guilty when | don’t exercise” and “because | feel ashamed when | miss a session”.
Identified regulation is formed by 3 items and refers to the subject thinking that the
behaviour is valuable, but it is done as it is considered to be beneficial for the subject.
It includes items such as “Because | value the benefits of exercise” or “Because it is
important to me to exercise regularly”, and intrinsic motivation formed by 4 items,
refers to the type of behavioural regulation in which it is chosen freely. The reward is
the behaviour itself and it is something pleasant. It includes items such as “Because |
think exercise is fun” or “Because | enjoy the exercise sessions” (Murcia et al 2007).

Validity and reliability evidence to support the use of scores derived from the BREQ-2
has been reported in previous studies (Fenzl et al. 2014, Markland and Tobin
2004).The BREQ-2 was completed by 194 former GP exercise referral scheme
participants and subjected to confirmatory factor analyses The model had an excellent
fit to the data (Satorra-Bentler Scaled Chi Sq = 136.49, df = 125, p = .23; CFl = .95;
RMSEA = .02, 90% CI = .00 - .04; SRMR = .05). Cronbach's alpha reliabilities were as
follows: Amotivation .83 External regulation .79, Introjected regulation .80, Identified

regulation .73, Intrinsic regulation .86 (Markland and Tobin 2004).
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2.7 Alexithymia
Alexithymia refers to people who have trouble identifying and describing emotions and
minimise emotional experience and focus attention externally. The Toronto
Alexithymia Scale (TAS) is a 20-item instrument that is the most commonly used tool to

measure alexithymia (Appendix 4) (Bagby et al. 1994).

The TAS-20 has 3 subscales:

e Difficulty Describing Feelings subscale is used to measure difficulty describing
emotions. 5 items -2, 4, 11, 12, 17.

» Difficulty Identifying Feeling subscale is used to measure difficulty identifying
emotions. 7 items—1, 3,6, 7,9, 13, 14.

¢ Externally-Oriented Thinking subscale is used to measure the tendency of individuals

to focus their attention externally. 8 items — 5, 8, 10, 15, 16, 18, 19, 20.

To score items are rated using a 5-point Likert scale whereby 1 = strongly disagree and
5 = strongly agree. There are 5 items that are negatively keyed (items 4, 5, 10, 18 and
19). The total alexithymia score is the sum of responses to all 20 items, while the score
for each subscale factor is the sum of the responses to that subscale. The TAS-20 uses
cut-off scoring: equal to or less than 51 = non-alexithymia, equal to or greater than 61

= alexithymia. Scores of 52 to 60 = possible alexithymia.

The tool demonstrates good internal consistency (Cronbach’s alpha = .81) and test-
retest reliability (.77, p<.01). TAS-20 validity demonstrates adequate levels of
convergent and concurrent validity. The 3-factor structure was found to be

theoretically congruent with the alexithymia construct. In addition, it has been found
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to be stable and replicable across clinical and nonclinical populations (Bagby et al.

1994).

2.8 Genetics

2.8.1 Extraction of DNA:

Samples for genotyping were collected using Whatman Easy Collect buccal swabs.

Buccal swabs compromised of an FTA card containing chemicals which allowed the cells

to be immediately processed, the sample could then be considered as DNA not

relevant material under the HTA act. DNA was extracted from the FTA using a QlAamp

DNA mini kit (QIAGEN, Manchester). Pieces of the FTA card was submerged in 200ul of

PBS, 20ul of QIAGEN protease stock solution and 200 ul buffer AL and vortexed for 15s.

The spin column method for DNA purification was followed guided by the

manufacturer’s protocol as follows.

1)
2)

3)

4)

5)

6)

7)

20 pl of proteinase K was pipetted into 1.5 ml microcentrifuge tube.

200 ul of whole blood was added to the microcentrifuge tube.

200 ul of buffer AL was added to the sample followed by vortexing for 15 seconds
to obtain a homogenous solution.

The mixture was incubated in a pre-heated water bath at 56°C for 10 minutes.

The mixture was centrifuged briefly.

200 pl of 100% ethanol was added to the sample followed by vortexing for 15 s and
brief centrifuge.

The mixture was applied to the QIAamp mini spin column provided and centrifuged
at 6000 x g (8000 rpm) for 1 minute. The spin column was placed in a fresh 2 ml

collection tube and the tube containing the filtrate was discarded. In cases where
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incomplete passage of the filtrate through the spin column was observed, the
sample was re-centrifuged at a higher speed.

8) 500 pl of prepared AW1 buffer was added to the spin column and centrifuged at
6000 x g (8000 rpm). The collection tube with filtrate was discarded and the spin
column placed in a new collection tube.

9) 500 pl of prepared AW2 buffer was added to the spin column and centrifuged at
full speed (13000 rpm) for 3 minutes. The spin column was placed in a new
collection tube and centrifuged for a further 1 minute.

10) The spin column was placed in a 1.5 ml microcentrifuge tube and 200 ul Buffer AE
added. The sample was incubated at room temperature (25°C) for 5 minutes and
centrifuged for 1 minute.

11) The final sample of purified DNA in AE buffer was capped and stored at -20°C.

2.8.2 TaqMan’ SNP genotyping

The TagMan® method of SNP genotyping utilises the 5’- exonuclease activity of Tag
DNA polymerase combined with allele specific hybridization for fluorescence based
allele detection (Syvdnen 2001, Kim and Misra 2007). The TagMan® Predesigned
Genotyping Assays contain two forward and reverse oligonucleotide primers and two
oligonucleotide probes. Each probe consists of a sequence specific oligonucleotide
with a fluorescent reporter dye at the 5’ end and a quencher molecule at the 3’ end.
Two probes, one which is complementary to the variant allele and the other
complimentary to the wild type allele are labelled with two separate VIC™ and FAM™
reporter dyes.

The TagMan®’ probes also consist of a minor groove binder (MBG) which increases the

efficiency of allelic discrimination. The MBG strengthens the binding of the probe to
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the DNA template and increases the melting temperature without increasing the probe
length. Shorter probes result in greater differences in melting temperature between
matched and unmatched probes thus increasing efficiency of allelic discrimination. In
the intact state of the probe, the fluorescence emitted by the fluorophore is quenched
by the quencher molecule. This phenomenon is named fluorescence resonance energy
transfer (FRET). When the fluorophore is separated from the oligonucleotide chain
during the PCR reaction and is thus not in proximity to the quencher, FRET does not

occur resulting in emission of light signal from the reporter dye (Figure 2.1).

1. Assay components and DNA template
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Figure 2-1 TagMan® MGB probe-based method of allelic discrimination = (Source:
Product Bulletin, TagMan® SNP Genotyping Assays)

During the PCR reaction, the double stranded genomic DNA is separated during the
denaturation process. During the annealing phase, the intact probe is hybridized onto
the complementary sequence between the forward and reverse primers. During the

extension phase, Tag DNA polymerase extends the DNA strand from the primers which
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results in displacement of the 5’ end of the tightly bound probe (Figures 2.2). As the
fluorophore is cleaved, a laser emitted by the real-time PCR machine excites the
fluorescence dye which now emits fluorescence freely. If the probe is only weakly
bound to the DNA template the entire probe is displaced without separation of the
reporter and quencher. As the amplification proceeds, the fluorescence accumulation
is captured by the instrument after each cycle. The amount of fluorescence emitted is
the thus directly proportional to the amount of PCR product produced. The VIC™ and
FAM™ dyes have distinctly different wavelengths which can be detected separately by
the RT- PCR machine.

In genotyping experiments, the endpoint fluorescence detection is used as opposed to
a real-time detection. Here the quantity of the target sequence at the end of PCR is
valued. The fluorescence intensity of the reporter dye is normalized against the passive
reference ROX™ dye by the machine depicted as ‘Rn’. The difference in Rn before and
after PCR is calculated to obtain the endpoint normalized increase in fluorescence
intensity (ARn) as follows; ARn = Rn (post-PCR read) — Rn (pre-PCR read). The real-time
data collected are beneficial in interrogating the causes of genotype failure and other

anomalies that may occur during the experiment.

2.8.3 Quantification of DNA

Quantification of extracted DNA was performed on the NanoDrop™ 2000 UV

spectrophotometer (Thermo Scientific Fisher, USA).

2.8.4 Genotyping protocol

Genotyping was performed using TagMan® Predesigned Genotyping Assays on the

StepOnePlus® Real-Time PCR system platform (Applied Biosystems, Foster City, CA,
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1)

2)

3)

4)

5)

USA). The TagMan® genotyping assay contains the two SNP specific forward and
reverse primers and two VIC™ and FAM™ dye labelled TagMan® MGB allelic probes.
The TagMan® Genotyping Master Mix was used for standard time genotyping and the
TagMan® GTXpress™ Master Mix was utilized for fast genotyping. The TagMan®
Genotyping Master Mix contains AmpliTag Gold® DNA polymerase whereas the
TagMan® GTXpress™ Master Mix contains AmpliTaq® Fast DNA polymerase. In addition,
both mixes contain the required dNTPs, the ROX™ as a passive reference dye and
buffer components. Real-Time PCR was performed in a 96-well plate format in a total
10ul reaction volume prepared as per manufacturer’s guidelines as follows:

Template genomic DNA was brought to room temperature from refrigeration at

4°C.

The TagMan® GTXpress™ Master Mix was thoroughly mixed.

The TagMan® Genotyping Assays was mixed and centrifuged.

The PCR reaction mixture was prepared for 110 samples for a 96 well reaction plate

to allow for excesses. The reaction components were added guided by

manufacturer’s recommendations (Table 2.3).

A reduced genotyping assay volume of 0.25ul was used instead of the

manufacturer recommended volume of 0.5ul to conserve the assays.

Table 2-3 Components and volumes of PCR mix for genotyping

PCR component Volume per well (ul)
Master Mix 5.00
Genotyping Assay 0.25
DNase-free water 2.75
Genomic DNA 2.00

86



Total 10

6)

7)

8)

9)

All samples were analysed in duplicate with two no template controls (NTC) per
plate.

A volume of 2ul of DNA template was added to each well to make a total reaction
volume of 10ul.

The plate was sealed with adhesive film and centrifuged briefly to eliminate
bubbles.

The plate was loaded onto the real-time PCR system and the reaction mixture was
subjected to the manufacturer recommended thermal protocols depending on the

standard or fast method as follows.

Table 2-4 Thermal protocols for standard and fast TagMan® Real-time PCR
genotyping

Temperature Duration Cycles
(°C)

Standard method
Enzyme activation 95 10 minutes Hold
Denature 95 15 seconds
Anneal/Extend 60 30 seconds 40
Fast method
Enzyme activation 95 20 seconds Hold
Denature 95 3 seconds

40
Anneal/Extend 60 30 seconds
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Figure 2-2 Sample allelic discrimination plot from FTO rs9939609 genotyping

The red cluster of dots represents fluorescence from VIC™ dye resulting from the
probe binding to allele 1 only (The ‘A’ allele of the FTO rs9939609) and therefore
indicates homozygosity for the allele 1. Similarly, the blue clusters represent FAM™
dye fluorescence and therefore homozygosity for allele 2 (The ‘T’ allele of FTO
rs9939609). The green cluster represents the emission of both fluorescence signals and

therefore indicates the heterozygous state (AT).
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2.9 Statistical analysis
The Statistical Package for the Social Sciences (SPSS software version 24, IBM) was
used for the statistical analysis with significance accepted if p < 0.05. Distribution of
data was checked using the Kolmogorov-Smirnov Test and descriptive statistics were
calculated. Pearson correlation was undertaken to explore associations between
variables including age, BMI, eating behaviours, food craving, exercise motivation and
alexithymia. T-tests were performed to assess sex and genotype differences in age,

BMI, eating behaviours, food cravings, exercise motivation and alexithymia.

In order to examine the effects of age, sex and FTO genotype on these relationships,
participants were split according to their sex (F and M) and according to their genotype
group (AA+AT and TT). Participants were also split according to their age into (<25 Y
and > 25Y), the aim of this analysis was to investigate differences between people who
were still at an age where they are known to be developing eating patterns and an
older group who are more likely to have settled eating patterns'. As shown in
previous studies such as settling down with a partner (Mata et al. 2018, Anderson et
al.,2004), getting a job (Au and Hollingsworth 2011), having children (Laroche et al.
2012) are all known to be associated with changes in eating habits and behaviours
Therefore, the population was split according to their age into two groups before and

after the likely ages where these life events take place.

The Bonferroni correction was used to reduce the chances of obtaining false-positive
results (type | errors) when multiple pair wise tests are performed on a single set of
data. The probability of identifying at least one significant result due to chance

increases as more hypotheses are tested.
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The Bonferroni correction is an adjustment made to P values when several dependent
or independent statistical tests are being performed simultaneously on a single data
set. To perform a Bonferroni correction, divide the critical P value (a) by the number of
comparisons being made. For example, if 10 hypotheses are being tested, the new
critical P value would be a/10. The statistical power of the study is then calculated

based on this modified P value.

Multiple regression analysis was performed to assess the multivariate relationships
between the independent variables and BMI. In the regression model, the selected
predictors (variables which were significant or approached significance in the bivariate
analysis) were forced into the model and the semi partial correlation coefficient was
calculated to quantify the unique contribution of each predictor to the variance in the
dependent measure(Cohen et al. 2014) Considering the relatively small subject-
parameter ratio (24:1) and in the absence of strong theoretical support for a
hierarchical entering of predictors into the model, this a priori (forced) model is
preferable to a stepwise model as it minimizes instability in the selection of variables
into the model (and in parameter estimation) caused by potential sampling biases

(Biddle et al. 2001).

Mediation analysis was undertaken to explore relationships between variables. This is
a method to help explain how one variable influences an outcome variable.
Mediation represents the consideration of how a third variable affects the relationship
between these two other variables. The application of such analysis is in prevention
and treatment research, where interventions are designed to change the outcome of
interest by targeting mediating variables that are hypothesized to be causally related
to the outcome (MacKinnon et al. 2007). Mediation in its simplest form represents the
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addition of a third variable to an X = Y relationship, whereby X is related to the
mediator, M, and M is related to Y, implying X = M — Y. The PROCESS programme
within SPSS calculates the extent of mediation and allows for the inclusion of
covariates and confounders in the analysis. After analysis if the effect of X on Y
completely disappears, M fully mediates between X and Y (full mediation). If the effect
of X on Y still exists, but in a smaller magnitude, M partially mediates between X and Y

(partial mediation).

Mediation analysis with bootstrapping was undertaken as recommended (Preacher
and Hayes 2008); the SPSS macro provided by Hypotheses were tested in SPSS using
PROCESS Model 59 (Hayes and Preacher 2014), when using model 4, 10,000
bootstrapped estimates and a 95 confidence interval. This model estimates a
moderated indirect effect by evaluating the impact of the moderator on the indirect

effect, as well as the predictive relationship to the direct effect.

For outcome data, effect sizes were calculated using Cohens d. Thresholds were set at
0.0-0.19 for a trivial effect, 0.2-0.49 for a small effect, 0.5-0.79 for a medium effect and
0.8 and above for a large effect (Cohen 1992, Sullivan and Feinn 2012). All data are

presented as mean + standard deviation unless otherwise stated.
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3 CHAPTER 3: Eating behaviours and food cravings;

influence of age, sex, BMI and FTO genotype
3.1 Introduction
Behaviours related to food intake which influence the frequency, meal size, meal
content, and attitude to meals are described as ‘Eating Behaviours’. Eating behaviours
can influence the amount of energy consumed by an individual and thus predispose to
an increased risk of obesity (Blundell and Cooling 2000). Previous studies have shown
an association of eating behaviours with weight gain and increasing BMI which are

directly related to food intake (van Strien et al. 2016, Burton et al. 2007).

Food craving is defined as a strong, irresistible desire to consume a specific type of
food (Cherpitel et al. 2010) which is extremely common with some studies estimating
that it is experienced by more than 90% of the population (Hallam et al. 2016, Hill
2007).. Increased food cravings have been shown to be associated with increased BMI

(Chao et al. 2014, Burton et al.2007).

An influence of FTO on eating behaviours has also been shown, although the results
are contradictory, Habron et al showed that the FTO risk allele was associated with
differences in eating behaviours in adults with overweight or obesity (Harbron et al.
2014), and similar findings have been shown in normal weight controls(Cornelis et al.
2014). In contrast, in a group of adolescents and children FTO genotype was associated
with BMI but did not influence eating behaviour (lbba et al. 2013).The FTO gene has
been reported to influence food cravings, with individuals carrying the obesity-
susceptible A allele having higher total food cravings compared to TT homozygotes

which correlated with higher BMI (Dang et al. 2018).
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Sex and age also influence eating behaviours and food cravings, previous studies
highlight that females had higher scores for cognitive restraint than males but
inconsistent sex effects for uncontrolled eating or emotional eating (Chearskul et al.
2010, Hainer et al. 2006, Drapeau et al. 2003, Weingarten and Elston 1991). Other
studies found significant differences between sexes with females scoring higher on
emotional eating and cognitive restraint but equal mean scores for uncontrolled eating
(Karlsson et al. 2000, Lluch et al. 2000) De Lauzon et al. 2004). Loffler et al found that
females scored significantly higher than males in all subscales of eating behaviours and
also found older individuals had significantly higher mean scores than younger people
for cognitive restraint, but lower mean scores for other factors measured by TFEQ 51

(Loffler et al. 2015).

Regarding the effects of sex and age on food cravings, Imperatori et al found that
females with overweight or obesity were more likely to experience cravings than males
(Imperatori et al. 2013). Chao et al (2015) found that females had significantly higher
cravings for sweets than males (Chao et al. 2015). A previous study also stated that
women reported significantly more cravings for chocolate and for sweets than did
men. However, craving for sweets declined with age among women (Pelchat 1997).
These findings are in agreement with another two studies that included older females
in reporting a negative association between food cravings and age, although neither of

these studied controlled for BMI (Basdevant et al. 1993, Hillet al. 1991).

Food cravings declined with age, but this age effect differed across variants of FTO rs
9939609: while TT homozygotes showed the typical age-related decline in food
cravings, there was no such decline among A carriers, suggesting that they are at risk
for larger weight gain over the course of aging as fat mass often increases with age
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(Dang et al. 2018). The decline in food cravings with age may also be related to age-
dependent changes in taste sensitivity that have been reported (Narukawa et al. 2018,

Sergi et al. 2017) and may also be responsible for age-related declines in food intake.

3.2 Objectives of the study
The current study investigates the interactions between eating behaviours, food
cravings and BMI. As previously highlighted, there are interactions between eating
behaviours and food cravings that influence BMI, these findings indicate that when
considering the influence of eating behaviours and food cravings on obesity it is
important to consider other variables that are known to also influence these measures
including genetics, age, sex and BMI. It is also important consider which associations

are mediated by other relevant variables. The objectives of this study were:

1) To investigate the interactions between eating behaviours, food cravings and BMI.

2) To determine the influence of FTO genotype, sex and age on these interactions.

3) To use mediation analysis to explore the role of these mediators in these

interactions.

3.3 Experimental section

3.3.1 Study Participants

Participants were recruited through word of mouth and posters surrounding Sheffield
Hallam University, Sheffield, UK and from participants of the Shape Up programme,
Rotherham, UK. To be included in the study participants needed to be > 18 years.

People who were pregnant or breastfeeding, who had a history of serious psychiatric
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illness or were taking medication known to affect appetite or metabolism were

excluded. A total of 475 participants (N=252 F, N=223 M) volunteered.

Total sample BMI (25.8246.14) Kg/m?, age (30.65+14.20) years were included in this
study. 249 of the participants were aged 25 years or younger (< 25 years), with 226
participants aged over 25 years (> 25 years). We were interested in studying eating
behaviours at a stage in life before patterns had become fully established. We
considered previous work which shows that life events such as co-habiting, marriage,
securing a job and having children are associated with changes in eating patterns and

weight gain (Mata et al. 2018, Laroche et al. 2012, Au and Hollingsworth 2011).

The 25 years as the cut-off were chosen because for many in the study group up to
this age would be prior to the aforementioned life events,(although this is making
assumptions about the participants). All participants completed two questionnaires 1)
revised three factor eating questionnaire TFEQ — R18 and Food Craving Inventory (FCl),
anthropometric measurements (height and weight were taken) a buccal swab was

collected for genotyping for FTO gene, SNP ID: rs9939609.

3.3.2 Anthropometry

Body weight and height was measured as described in chapter 2. BMI was calculated as

body mass in kilograms divided by the square of height in meters.

3.3.3 Eating Behaviours

Eating behaviours were measured using the revised 18 items ‘Three Factor Eating

Questionnaire (TFEQ-R18, (Karlsson et al. 2000)) as described in chapter 2
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3.3.4 Food cravings

Food cravings were measured using the Food Craving Inventory (FCl), (White et al.

2002) as described in chapter 2.

3.3.5 Genotyping

FTO gene, SNP ID: rs9939609 was investigated in this study. Buccal samples for
genotyping were collected using easy collect devices (Whatman). DNA was extracted
from the FTA card contained in the device using QlAamp DNA mini kit (QIAGEN)
according to the manufacturer’s instructions. Genotyping was performed using

Tagman SNP genotyping assays (Applied Biosystems) as described in chapter 2.

3.3.6 Statistical analysis

Statistical Package for the Social Sciences (SPSS software version 24, IBM) was used for
the statistical analysis with significance accepted if p < 0.05. Distribution of data was
checked using the Kolmogorov-Smirnov Test and descriptive statistics were calculated.
Pearson correlation was undertaken to explore association between variables
including age, BMI, eating behaviours and food craving. T-tests were performed to
assess gender and genotype differences in age, BMI, eating behaviours and food

cravings after Bonferroni correction p value of <0.005 was considered significant.

Multiple regression analysis was performed to assess the multivariate relationships
between the independent variables and BMI. In this regression model, the selected
predictors (age, TFEQ -18 subscales and FCl) were forced into the model and the semi
partial correlation coefficient was calculated to quantify the unique contribution of

each predictor to the variance in the dependent measure (Cohen et al. 2014).
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For the mediation model (Figures 3.4 and 3.5), BMI was the independent variable,
eating behaviours was the mediator variable, and food craving was the dependent
variable. Age, sex and FTO genotype were the covariates. For outcome data, effect
sizes were calculated using Cohens d.

3.4 Results

3.4.1 Descriptive statistics

The descriptive statistics for the primary variables for the overall sample and by sex are
shown in table 3.1 and by genotype are shown in table 3.2. There were no significant
differences in mean BMI between men and women but there was a significant
difference between carriers of the FTO TT genotype compared to those with AT+AA
genotype (24.62%5.29 vs 26.52+6.55 kg/m?, p=0.001). The data were analysed for
deviation from Hardy-Weinberg equilibrium, X?=1.48 so it did not significantly deviate
from the expected values. The FTO MAF of the risk allele A was 0.42, compared to the

published global MAF of 0.34.

Table 3.1 also shows the results of mean food craving scores; women had higher
mean scores for carbohydrate cravings compared to men (14.73+5.99 vs 13.59+5.74
p=0.036), however, after Bonferroni correction this is not significant. There were no
differences in eating behaviour scores between men and women and no difference in

scores for food cravings or eating behaviours between the different genotypes.
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Table 3-1 Descriptive statistics for primary variables for overall sample, by sex.

Overall Women Men

(N =475) (N =252) (N =223)

M SD M SD M SD t p D
Age (years) 30.6 | 14.2 | 30.35 | 13.8 | 309 | 14.6 | -0.462 | 0.64 | 0.04
BMI (kg/m?) 258 | 6.14 | 25.73 | 6.72 | 25.8 | 5.40 | -0.285 | 0.77 | 0.03
Fat craving 100 | 54 9.73 | 5.72 | 10.3 | 491 | -1.283 | 0.20 | 0.12
Sweet craving 183 | 7.8 | 18.84 | 9.15 | 17.7 | 10.2 | 1.244 | 0.21 | 0.12
Carbohydrate 142 | 5.89 | 1473 | 599 | 13,5 | 5.74 | 2.099 | 0.03 | 0.19
craving
Fast Food craving 9.57 | 5.1 9.47 | 5.06 | 9.64 | 5.06 | -.0359 | 0.72 | 0.03
Total food craving | 52.1 | 20.4 | 52.78 | 20.3 | 51.3 | 20.3 | 0.779 | 0.43 | 0.07
Cognitive restraint | 12.8 | 3.5 | 12.83 | 3.51 | 12.8 | 3.46 | -0.222 | 0.82 | 0.01
Uncontrolled 20.7 | 54 | 20.82 | 5.35 | 20.6 | 5.63 | 0.405 | 0.68 | 0.04
eating
Emotional eating 6.68 | 3.1 6.87 | 3.11 | 6.45 | 3.07 | 1.487 | 0.13 | 0.14

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation; t
=t-test; p= p-value; d=Cohen's d.
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Table 3-2 Descriptive statistics for primary variables for overall sample, by

genotype.

TT genotype AT+AA genotype
(N =153) (N =322)
32% 67%

M SD M SD t p d
Age (years) 29.19 | 12.94 31.05 14.46 | -1.249 | 0.212 0.135
BMI (kg/m?)* 24.62 5.29 26.52 6.55 | -3.266 | 0.001 0.319
Fat craving 10.71 5.33 9.75 5.28 1.827 | 0.068 0.180
Sweet craving 18.16 9.10 18.86 10.04 | -0.636 | 0.525 0.073
Carbohydrate 14.55 | 6.194 14.33 5.61 0.388 | 0.698 0.037
craving
Fast Food craving 9.31 4.48 9.82 5.32 | -1.010 | 0.313 0.103
Total food craving | 52.73 | 18.78 52.71 20.72 | 0.050 | 0.960 0.001
Cognitive restraint | 12.79 3.29 13.06 3.557 | -0.764 | 0.445 0.078
Uncontrolled 20.31 5.59 20.98 5.387 | -1.288 | 0.198 0.122
eating
Emotional eating 6.71 3.05 6.7 3.07 -.300 | 0.764 0.003

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation; t
=t-test; p= p-value; d=Cohen's d. " Denotes a significant difference between genotypes

3.4.2 Relationships between age, BMI, eating behaviours and food cravings

Correlations between age, BMI, eating behaviours and food cravings have been

calculated and categorised for the overall population in tables 3.3 and 3.4, by sex (male

and female) in table 3.5 by genotype (TT genotype and AT+AA genotype) table 3.6, and

by age (<25 Y and >25 years) in table 3.7.

Table 3.3 shows that there is a positive relationship between age and BMI (r=0.509"")

and an inverse relationship between age and fatty food cravings (r=-0.107"),
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uncontrolled eating (r=-0.222"") and emotional eating (r=-0.184") for the whole

sample. There is an inverse relationship between BMI and fatty food cravings (r=-

0.180"), and a positive relationship between BMI and cognitive restraint (r= 0.128™).

Table 3-3 Relationships between age, BMI, eating behaviours and food cravings

BMI Fatty Sweet | Carbohydrates | Fast | Cognitive | Uncontrolled | Emotional
foods foods | restraint eating eating
Age 0.509" | -0.107" -0.041 -0.071 -0.037 | -0.024 -0.222" -0.184™
(years)
BMI -0.180" | -0.075 -0.078 0.026 | 0.128™ 0.014 0.082
(kg/m?)

Note. Correlations of primary variables for overall population. All significance tests
were two-tailed (“p < .05; “'p < .01).

Table 3.4 shows that there is an inverse relationship between cognitive restraint and

fatty food cravings (r=-0.259""), sweet food cravings (r=-0.138"") and fast food cravings

(r=-0.167**). There is a positive relationship between uncontrolled eating and

carbohydrate cravings (r=0.164"") and there is an inverse relationship between

emotional eating and fatty food cravings (r=-.197""), and fast food cravings (r=0-.125"").

Table 3-4 Relationships between eating behaviours and food cravings

Fatty foods Sweet food Carbohydrates | Fast foods
Cognitive restraint -0.259™ -0.138™" 0.005 -0.167*"
Uncontrolled eating .000 0.059 0.164™ 0.004
Emotional eating -0.197" -0.029 0.043 -0.125™

Note. Correlations of primary variables for overall population. All significance tests
were two-tailed ("p <.05; “'p <.01).
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In table 3.5 the results show that when exploring the differences between men and

women, table 3-5 shows that in women there is an inverse relationship between age

and fat cravings (r=-0.157") and carbohydrate cravings (r=-0.195""), in contrast to men

where these relationships are not seen. In men there is an inverse relationship

between BMI and cognitive restraint (r=0.210"") in contrast to women where there is

no relationship.

restraint, emotional eating and fast food cravings which were not seen in women.

Table 3-5 Relationships of primary variable by sex.

In men there were also inverse relationships between cognitive

1-Age 2-BMI 3 -Fat 4 - 5- 6 - fast 7- 8- 9-
craving Sweet carbohy foods Cognitive | Uncontro | Emotional
craving drates restraint lled eating
eating

1-Age XX 544" -.157" -.107 -.195" -117 -.073 -.233"7 -.140"
2-BMI 473" XX -.186" -.102 -.122 .000 .081 -.028 122
3-Fat craving -.050 -.185™ XX 494" 533" .525" -.2257 -.097 -.2417
4-Sweet .020 -.063 357" XX .330” .664"" -121 .020 -.028
craving
5- .071 -.016 418" 430" XX 3317 .011 .183™ .038
Carbohydrates
6-Fast Food .045 .050 435" 686" 379" XX -.117 -.049 -.083
7-Cognitive .032 .210™ -.301" -.139" .003 -.156" XX .303™ 400™
restraint
8- -.215" .059 113 .078 140" .047 1737 XX 499™
Uncontrolled
eating
9-Emotional -.232" .020 -.144" -.055 .033 -.184" 376" 4647 XX
eating

Note. Correlations of primary variables among women N=252 presented above the
diagonal, and correlations of primary variables among men N=223 are presented
below the diagonal. All significance tests were two-tailed ("p < .05; “p < .01).
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Table 5 shows that FTO genotype has no effect on the relationships between age, BMI,

eating behaviours and food cravings, with all correlations similar for each genotype.

1-Age 2-BMI 3-Fat 4- Sweet | 5- 6 - fast 7- 8- 9-
craving craving carbohy | foods Cognitive | Uncontrolled | Emotional
restraint | eating eating
drates

1-Age XX 412" -.082 .014 -.089 -.021 -.034 -.2157 -.144

2-BMlI .548" XX -.078 -.032 -.077 .076 .154 -.038 .145

3-Fat craving -.103 -206" XX 3267 497" 4497 -.283" .020 -.154

4-Sweet -.035 -.098 465" XX 280" .599" -.308™ -.068 -.075

craving

5- -.042 -.083 451" 381" XX .304™ -.080 135 .024

Carbohydrates

6-Fast Food -.024 .016 501" .690™ 3337 XX -.219" .063 -.108

7-Cognitive -.020 .101 -278" -.114" .001 -.133" XX 233" 445"

restraint

8- -.220™ .029 -.046 .065 1477 -.075 255" XX 4427

Uncontrolled

eating

9-Emotional -.201" .053 -.223" -.050 .011 -.1617" .354" .504" XX

eating

Table 3-6 Relationships of primary variable by genotype

Note. Correlations of primary variables among TT genotype N=153 presented above
the diagonal, and correlations of primary variables among AA+AT genotype N= 322 are
presented below the diagonal. All significance tests were two-tailed ("p < .05; “p <

.01).
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As there was such a strong effect of age on eating behaviours and food cravings, we
investigated the participant group split by age. The results show differences between
the < 25 years and > 25 years age groups. There is an inverse relationship between
sweet cravings and emotional eating in the younger group, whereas in the older group
this relationship is positive. A similar difference is seen for the relationship between fat
cravings and emotional eating. In the younger group there are relationships between
fast food cravings and cognitive restraint and emotional eating which are not present

in the older group.

1-Age 2-BMI 3-Fat 4- Sweet | 5- 6 - fast 7- 8- 9-
craving craving carbohy | foods Cognitive | Uncontr | Emotional
restraint .
drates olled eating
eating
1-Age XX 0.009 -0.05 -0.094 0.024 -0.095 .032 .103 .038
2-BMI 0.322" | XX -0.119 -0.058 -0.095 0.046 174" .022 .185"™
3-Fat craving 0.059 -0.111 XX 490" 430" 0.513™ -326™ -.047 -.314™
4-Sweet -0.116 -0.127 365" XX 0.371" | 0.710" |-.227" -.004 -.176"
craving
5- 0.002 0.012 489" 397" XX 0.300™" -.032 1337 -.045
Carbohydrates
6-Fast Food -0.186" | -0.045 512" 646" 428" XX -.262" -.059 =242
7-Cognitive .005 127 -.105 -.003 .102 .044 XX 264" 474"
restraint
8- =272 .143 -.049 .144° .138 .086 2117 XX 4057
Uncontrolled
eating
9-Emotional -.239" 127 -.071 .159° 127 .032 2177 565" XX
eating

Table 3-7 Relationships of primary variable by age.

Note. Correlations of primary variables among < 25years N=249 presented above the
diagonal, and correlations of primary variables among > 25 years N=226 are presented
below the diagonal. All significance tests were two-tailed ("p<.05; “"p<.01).
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Figure 3-1 The relationships between cognitive restraint and fatty foods craving,
sweet craving and carbohydrates craving. Panels A, B and C are for females and
panels D, E and F are males. There were significant inverse relationships between
cognitive restraint and fatty food craving in both genotype groups and in both sexes,
and significant inverse relationships between cognitive restraint and sweet food

craving in the TT genotype group in both sexes.
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Figure 3-2 The relationships between uncontrolled eating and fatty foods craving,
sweet craving and carbohydrates craving. Panels A, B and C are for females and
panels D, E and F are for males. There was a significant inverse relationship between
uncontrolled eating and fatty food craving in the TT genotype group in females; in
contrast, there was a significant positive relationship between uncontrolled eating and
fatty food craving in the TT genotype group in males. There was also a significant
positive relationship between uncontrolled eating and carbohydrate craving in the

AA+AT genotype group in females.
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Figure 3-3 The relationships between emotional eating and fatty foods craving,

B and C are for females and

4

sweet craving and carbohydrates craving. Panels A

panels D, E and F are males. There were significant inverse relationships between

emotional eating and fatty food craving in the AA+AT genotype group in both sexes.
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3.4.3 Regression analysis for influence of age, eating behaviours and food craving

on BMI

The results of the final model, which included TFEQ-R18, FCI and age, are presented in
Table 3.8. Results of the regression analysis indicated that the adjusted R? indicates a
high predictive value for the model of = 31.3. Age was significantly associated with BMI
and increases by .43 for every point increase in age (p <.0001). Fast food craving was
significantly associated with BMI. Specifically, BMI increased by .27 for every point
increase in fast food craving score (p <.0001). After that emotional eating with p=.005,
sweet food craving p=.007, and then fatty food craving which negatively associated
with BMI, BMI decreased by (-.136) for every point increase in fatty food craving score

(p <.02).

Table 3-8 Multiple Regression Analysis for factors influence BMI

B t p Semi partial

correlation
Age .235 13.256 .000 .516
Fatty food craving -.136 -2.333 .020 -.091
Sweet food craving -.094 -2.696 .007 -.105
Carbohydrates craving -.021 -.428 .669 -.017
Fast food craving .275 4.091 .000 .159
Cognitive Restraint .202 2.301 442 .030
Uncontrolled eating .070 1.378 .169 .054
Emotional eating .270 2.791 .005 .109

R*x100= 32.5 (adjusted R*> =31.3), SEE=5.11, F (df, 8.45) = 28, 63 (p<0.0001).
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3.4.4 Maediation analysis

Results of the mediation analysis are shown in (Figures 3.4 and 3.5) and cognitive
restraint mediates the relationships between BMI and fatty food and sweet food

craving in 25 years and under.
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Figure 3-4 Mediation analysis model for the relationship between BMI, cognitive
restraint and fatty food craving. Panel A in <25 years and panel B in >25 years group.
The model indicates that cognitive restraint may mediate the relationship between
BMI and cravings for fatty food in the <25 years group but not in the > 25 years group
("p <.05; "p <.01).
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Figure 3-5 Mediation analysis model for the relationship between BMI, cognitive
restraint and sweet food craving. Panel A in < 25 years group and panel B in > 25 years
group. The model indicates that cognitive restraint may mediate the relationship
between BMI and cravings for sweet food in the < 25 years group but not in the > 25

years group ("p < .05; “p <.01).
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In table 3.9 the results show that when exploring the differences between students,
staff and weight managers, there were significant positive relationships between BMI
and cognitive restraint (r=.174**)and emotional eating (r=.185**) in the student group
only and an inverse relationships between age and uncontrolled eating and emotional
eating in SHU staff and weight managers groups. There were also positive relationships
between BMI and fatty food cravings, and an inverse relationship between age and
sweet craving in the weight managers only. And inverse relationships between age and

fast food craving in SHU staff and weight managers.

Table 3-9 Relationships between age, BMI, eating behaviours and food cravings
between different population

Age BMI
Students SHU Weight Students SHU Weight
Staff managers Staff managers
Cognitive .032 .005 181 174" 127 -.110
restraint
Uncontrolled .103 -2727 -.290" .022 .143 .206
eating
Emotional .038 -.239" -.265™ 185" 127 215
eating
Fat craving -.05 .059 -.046 -.119 -111 3127
Sweet craving -094 | -.116 -.433™ -058 | -.127 .046
Carbohydrates .024 .002 -.249 -.095 .012 .304
craving
Fast food -095 |-.186" -.508"* .046 -.045 297
craving

All significance tests were two-tailed ("p < .05; ""p < .01).

In table 3.10 the results showed that there were inverse relationships between
cognitive restraint and fat, sweet and fast food craving in the student group, In
contrast, there was a positive relationship between cognitive restraint and fast food
craving in the weight manager group. Amongst the students, there was a positive
relationship between uncontrolled eating and carbohydrates only and in SHU staff

between uncontrolled eating and sweet food craving, in contrast in the weight
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manager group there was a relationship between uncontrolled eating and sweet,
carbohydrates and fast food cravings. There were also inverse relationships between
emotional eating and fat, carbohydrates and fast food craving in the students group; in
contrast, there were positive relationships between emotional eating and sweet food
craving in SHU staff and emotional eating and sweet, carbohydrates and fast food in

weight manager group.

Table 3-10 Relationships between eating behaviours and food cravings between
different population

Cognitive restraint Uncontrolled eating Emotional eating
Students | SHU | Weight Students | SHU | Weight Students | SHU | Weight
Staff | managers Staff | managers Staff | managers
Fat craving -326" |- 197 -.047 -.049 | .228 -314™ | -.071|.231
.105
Sweet craving | -.227" | - 133 -.004 144" | 412%* -176™ | .159" | 667**
.003
Carbohydrates | -.032 102 | .237 1337 138 | .468** -.045 127 | .310%
craving
Fast food -.262™ | .044 | .352* -.059 .086 | .484** -.242™° | 032 | .341%
craving

All significance tests were two-tailed ("p < .05; ""p < .01).

112




3.5 Discussion

The main objective of this study was to explore the relationships between eating
behaviours and food cravings, and examine the influence of sex, BMI, age and FTO
genotype on these relationships. The TFEQ-R18, the FCl, and genotyped for the
rs9939609 FTO polymorphism were used to study 475 individuals. The data was
analysed for the group as well as split by sex, FTO genotype and age (< 25 years vs > 25
years old). The FTO MAF of the risk allele A was 0.42, compared to the published global
MAF of 0.34, indicating that the risk allele was slightly more common in our
population. Mediation analysis was used to investigate possible mechanisms
underlying the association between some of the relationships observed. The main

findings are as follows.

3.5.1 BMI, TFEQ -R18 subscales and FCl subscales

Results of this study showed that mean scores for BMI, the three subscales of the
TFEQ-R18 and the four subscales of the FClI were consistent with values previously

reported (Zavattari et al. 2011) (Table 3. 1).

- Influence of sex on BMI, TFEQ -R18 subscales and FCl subscales
There were no differences between mean scores for BMI, eating behaviours or food
cravings when the group split by sex except for cravings for carbohydrate which were
higher in women but not significant after Bonferroni correction. This agrees with
previous studies which showed approximately equal mean scores for uncontrolled
eating (Cappelleri et al. 2009, Lluch et al. 2000). However, Loffler et al (2015) found

significant gender effects on the results in all three factors of TFEQ with generally
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higher mean scores in females than in males (Loffler et al. 2015). In addition, other
studies proposed that women showed more emotional eating than men (Van Strien et
al. 2005). Other studies reported significant differences between genders with females
scoring higher on the emotional eating and cognitive restraint scales (Lluch et al. 2000,
Cappelleri et al. 2009, Karlsson et al. 2000). Higher restraint scores in women may be
related to a tendency for dieting (de Lauzon et al. 2004). This difference may be due to
the age of the groups studied; the average age of our group was 31 years, whereas the
average age of the participants in these two studies was 50 and 48 years indicating
that sex differences in eating behaviours may become more apparent with increasing

age.

- Influence of FTO genotype on BMI, TFEQ -R18 subscales and FCl subscales
When the group was analysed by genotype (Table 3.2) the AA+AT group had a mean
BMI of 26.52 kg/m? compared to the TT genotype group who had a mean BMI of 24.62
kg/m?, this is consistent with the findings of previous studies which also found that
carriers of the risk allele A had higher BMI scores compared to people with the TT

genotype (Frayling et al. 2007, Zavattari et al. 2011).

No differences in TFEQ-R18 or FCl scores were found when the groups were split by
genotype; this is in agreement with a recent study of children by Rivas et al., (2018),
which also did not find differences in subscale scores for the TFEQ-R18 (Rivas et al.
2018). But contrasts with other findings which describe higher food cravings associated
with the A allele in a group with average age of 50 years (Dang et al. 2018). These
differences agree with the findings presented in table 3.6 which demonstrate an
influence of FTO genotype on age-related eating behaviours. The difference due to the
A allele in our population of 2 BMI units is very similar to the older cohort in the
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Frayling et al., study which had an average age of around 60 years (Frayling et al.
2007); however, our cohort is younger with an average age of 31 years. Frayling et al.,
also included younger cohorts and the effect of the risk allele was less in this group
with an effect of 1 BMI unit. In the 10 years since the Frayling et al., study was
published the obesogenic environment has increased so our data may indicate that a
greater effect of the allele can be seen at a younger age. Various studies have claimed
an effect of genotype on food cravings and eating behaviours (Cecil et al. 2008, Dang
et al. 2018, Timpson et al. 2008), but our results do not show this. Most of these
studies were in people who all were either overweight or had obesity, in contrast to

the majority of our population.

3.5.2 Interaction of age with eating behaviours and food craving

Age had a significant effect on BMI, food cravings and eating behaviours (Table 3.3),
with high BMI associated with age, whilst low cravings for fatty food, and
uncontrolled eating and emotional eating were associated with age, in agreement
with earlier studies (Hill et a/.1991, Basdevant et al. 1993, Pelchat 1997). Consistent
with the extant literature, food cravings declined across adulthood (Dang et al. 2018).
This may reflect changes in eating patterns associated with stages of life; with younger
people tending to consume less healthy food (Bull 1992, Munt et a/.2017). It may also
be due in part to age-related changes in taste sensitivity (Narukawa et al. 2018, Sergi

etal 2017).

3.5.3 Interactions between BMI, eating behaviours and food craving

The data also illustrated that high BMI was associated with low cravings for fatty foods

but high cognitive restraint, confirming previous results by Johnson et al who
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proposed that high cognitive restraint in normal weight individuals increases the risk of
overeating tendencies when restraint is relaxed, thus leading to further increases in

BMI (Johnson et al. 2012).

3.5.4 Interactions between eating behaviours and food craving

Highly significant relationships between eating behaviours and food cravings were
found (Table 3.4); high cognitive restraint correlated with lower cravings for fatty
foods, sweet foods and fast foods, high uncontrolled eating was associated with high
cravings for carbohydrates, and high emotional eating was associated with lower
cravings for fatty foods and fast foods. This is consistent with previous findings;
decreased food cravings are associated with high fMRI-FCR of brain regions that
regulate executive control over ingestion (Kahathuduwa et al. 2018) and with cognitive
reappraisal strategies, in particular those focusing on the benefits of not eating
unhealthy foods, this could potentially increase the ability of individuals with obesity
to inhibit appetitive motivation and reduce unhealthy food intake (Yokum and Stice

2013).

- Influence of sex on the interactions between age, BMI, eating behaviours and

food craving

When the group were analysed split by sex (Table 3.5) the relationships between age
and low food cravings were stronger in women compared to men. However, the

relationships between eating behaviours and food cravings were not affected by sex.

- Influence of FTO genotype on the interactions between age, BMI, eating

behaviours and food craving
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FTO genotype influenced some of the relationships between BMI, age, eating
behaviours and food cravings; in particular the relationship between BMI and fatty
food craving was stronger in the TT genotype group compared to the AA+AT group. An
effect of the FTO genotype on the relationship between age and emotional eating has
been seen, with age-related decline in this behavior only present in the AA+AT

genotype group.

- Influence of age on the interactions between age, BMI, eating behaviours and

food craving

When the group was split into a younger and older age group based on assumptions of
life changes that may influence eating behaviours clear differences between the < 25
years group compared to the > 25 years group were observed. The inverse
relationships between cognitive restraint and emotional eating with food cravings for
fatty, sweet and fast foods were much stronger in the < 25 years group compared to
the > 25 years group. In the case of the relationship between sweet food cravings and
emotional eating there was a negative correlation in the < 25 years group, but in the >
25 years group there was a significant positive correlation. There was also a strong

relationship between age and BMI in the > 25 years group but not in the < 25 years
group.

When the group was split into student, staff and weight managers, we found that
higher BMI was related to high cognitive restraint and emotional eating in the student
group only, which is may be as explained before by younger people with increased BMI
using restraint to try to lose weight, perhaps leading increased emotional eating as
they become under stress due to their higher BMI, However, in people engaged in a

weight loss intervention there were also positive relationships between BMI and fatty
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food cravings, and this matches the literature where increased intake of high fat food

is associated with increases in BMI.

Age was associated with low fast food craving, uncontrolled eating and emotional
eating in SHU staff and weight manager groups, and with low sweet craving in the
weight managers only. This may be because they are older than the student group and
we show that age is associated with lower eating behaviours scores. In addition, high
cognitive restraint was associated with low fat, sweet and fast food craving in the
student group and with high fast food craving in the weight manager group. High
uncontrolled eating was associated with high carbohydrates craving in the student
group and SHU staff group, in weight managers it was associated with sweet,
carbohydrates and fast food cravings. High emotional eating was associated with high
fat, carbohydrates and fast food craving in the students group, high emotional eating
was associated with high sweet food craving only in SHU staff and with high sweet,

carbohydrates and fast food in the weight manager group

3.5.5 Regression analysis and mediation analysis

To better understand the role of age, eating behaviours and food craving, Regression
analysis was used to examine the influence of TFEQ subscales, FCl and age on BMI, to
investigate the relationships of all of these factors together and to determine which of
these factors has the strongest effect on BMI (table 3.7). This shows that age and fast
food craving have significant influence on BMI, after that emotional eating and sweet
food craving and then fatty foods inversely related to BMI. Sweet foods craving,
carbohydrates and fatty food craving are negative correlated with BMI while the

others are positive.
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Mediation analysis was used to investigate these relationships (Figures 3.4 and 3.5).
The figures are a graphical summary of the data from the mediation analysis model see
appendix 8.9, table 8.1 for an example of the SPSS PROCESS output. Figure 3.4
compares the < 25 years group with the > 25 years group, and models the relationship
between BMI and fat craving in these groups. This type of analysis can be used when
there is a significant relationship between two variables, in this case BMI and fat
craving as shown in table 3.7. If a relationship is mediated by a third variable (in this
case cognitive restraint) this will be evident in the significant correlations shown

between the third variable and the other variables.

The mediation analysis in figure 3.4 for the < 25 years group shows a significant
correlation between BMI and cognitive restraint (r=0.15), and between cognitive
restraint and fat craving (r=-0.52), but the correlation between BMI and fat craving is
no longer significant, demonstrating mediation by cognitive restraint. This analysis
also allows for the investigation of the effect of other variables (in this case sex and
FTO genotype). In the case of the > 25 years group, the mediating effect of cognitive
restraint is not present (as the correlations between BMI and cognitive restraint, and
cognitive restraint and fat craving are not significant). Also, in contrast with the < 25
years group, the effect of sex on fat craving is much stronger, and in this group, this

has the greatest effect in contrast to the effect of BMI.

Therefore, in the < 25 years group for both cravings for fatty food and cravings for
sweet food, cognitive restraint mediated almost all the relationships with BMI,
demonstrating that it is very likely that the people in this group with higher BMI are

using cognitive restraint to suppress food cravings.

119



This contrasted with the > 25 years group where this pattern was not seen. In the < 25
years group fat and sweet cravings were strongly influenced by sex, with a more
pronounced inverse relationship between BMI and these cravings seen in women.
When cognitive restraint was first investigated as an eating behavior the strong
correlation observed between cognitive restraint and BMI led to the conclusion that
cognitive restraint was a type of unhealthy eating behavior (Hays and Roberts 2008),
and that people who restrained were more susceptible to binge eating, thereby

leading to increased BMI.

Thus, cognitive restraint as an eating behavior was seen to drive a high BMI. However,
many early studies were carried out in participants with overweight or obesity and in
older demographic groups; in these groups cognitive restraint may indeed be driving a
high BMI. In contrast the data presented here supports that in younger age groups BMI
may drive cognitive restraint rather than the other way round, a suggestion which has

also been made in other papers (de Lauzon-Guillain et al. 2006, Yokum and Stice 2013).

The association between cognitive restraint and BMI was observed in previous studies,
but in the < 25 years group this was particularly associated with low food cravings.
Therefore, in people < 25 years, who are perhaps more self-conscious about their
weight, cognitive restraint is used to suppress food cravings, particularly in people with
high BMI, hence the association between BMI and cognitive restraint. This may instil
habitual eating behaviours which later in life increase the susceptibility to the cycles of
restraint and binge-eating associated in some older populations with increased BMI
(Stice et al. 1996). Evidence to support this theory is provided by Rocks et al. who
studied undergraduate students and found that this group, with a similar age and

background to the < 25 years group, demonstrated high dissatisfaction with body
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weight and high rates of disordered eating behaviours (Rocks et al. 2017). An
additional possibility is that BMI also mediates the effect of age on eating behaviours

and food cravings.

3.6 Limitations

This study has limitations; although many of the participants were drawn from the
same geographical area there may be demographic differences between the < 25 years
group who were mostly undergraduate students, and the > 25 years group who were a
mixture of staff, students and participants from Shape up, a weight-management
course. In addition, the lifestyle and eating habits of the <25 years group in this study
may not be fully representative of the general population in this age category. As some
of the participants were friends and family of the students at the university, they may
share similar tastes, food preferences and cultural background which may also have

influenced the results due to sampling bias.

Detailed data on socio-economic status, education, marriage status or ethnicity was
not collected in the current study so in future studies these potential confounders
could be considered. The division into two age groups with a cut-off of 25 years was
based on previous work that shows that life events such co-habiting, employment and
having children are associated with changes in eating behaviour (Mata et al. 2018,
Laroche et al. 2012, Au and Hollingsworth 2011); in the study group the age of 25
reflects a point after which these life events start to have an effect, in future studies
data on these variables could allow for their inclusion in the analysis. The effect of FTO
genotype were chosen for examination as this has been reported to be the most
influential gene on BMI, in the future investigating a wider range of target genes would

potentially reveal more information about the influence of genetics on the variables
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studied. A limitation of the use of self-reported questionnaires is that participants may
not always be honest when answering, and the degree to which this is an issue may
vary with weight status. In future studies food frequency questionnaires and DEXA

analysis could be incorporated into the study protocol.

3.7 Conclusions

In conclusion whilst the findings regarding the strong association between increasing
BMI and age confirm previous reports, the mediation analysis shows that sex, FTO
genotype and BMI have an influence on the relationships between eating behaviours
and food cravings and that these variables interact with notable differences between
young and older age groups. Examining these interactions along with further

polymorphisms linked to obesity could help identify those at risk of increasing BMI.

122



4 Chapter 4: Motivation to exercise, eating behaviours and

BMlI, influence of age, sex and FTO genotype

4.1 Introduction
Motivation is central to many social psychological theories that aim to explain
behaviour, including self-determination theory, one of the most influential theories of
human motivation developed in the last three decades (Hagger and Chatzisarantis
2007).
Self-determination Theory is a macro-theory of human motivation that has a
connection with the development and functioning of the personality within social
contexts. The theory analyses the extent to which human behaviour is volitional or
self-determined, in other words, the degree to which people achieve their activities at
the highest level of reflection and are involved in the actions with a sense of choice
(Deci and Ryan 1985).
According to self-determination theory (SDT) autonomous motivation refers to goal
pursuit due to personal importance of the activity (i.e., identified regulation),
alignment of the activity with one's core values (i.e., integrated regulation), and/or due
to inherent enjoyment of the activity (i.e., intrinsic motivation). Controlled motivation,
refers to goal pursuit that is driven by internally imposed pressures (e.g., avoiding guilt;
introjected regulation) or externally imposed pressures (e.g., to obtain reward or avoid
punishment; external regulation) (Ryan and Deci 2000).
The Behavioural Regulation in Exercise Questionnaire (BREQ) was created to measure
self-determined motivation in physical exercise (Mullan et al. 1997). The original
guestionnaire was established to measure external, introjected, identified and intrinsic

regulation which was then reviewed and finalised by Markland and Tobin and
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validated as BREQ-2. The BREQ-2 questionnaire adds another factor to these four:
amotivation (Markland and Tobin 2004).
Previous studies focused on the relationships between motivation to exercise and food
intake. Researchers have proposed that an individual's motivation for exercise may be
important in determining post-exercise food intake (Fenzl et al. 2014, Dimmock et al.
2015). Little is known about the potential relationship between motivation for exercise
and eating behaviours and BMI. Studies that have examined eating style and physical
activity motivation have found a positive relationship between an intrinsic motivation
to engage in physical activity and a self-regulated style of eating (Mata et al. 2009,
Teixeira 2006), indicating that similar patterns of regulation may influence both these
types of behaviour.

4.2 Objectives of the study
The current study investigates the interactions between motivation to exercise, eating
behaviours and BMI. As previously reported in chapter 3, there are interactions
between eating behaviours and food cravings and BMI, and it is important to consider
other variables that are known to also influence these measures including genetics,
age, sex and BMI. In this study we propose that an individual's motivation to exercise
might interact with their eating behaviours, thereby influencing BMI. Thus, objectives
of this study were:
1) To examine the relationships between motivation to exercise, eating behaviours and
BMI.
2) To identify the influence of age, sex, BMI and FTO genotype on these relationships.
3) To use mediation analysis to explore the role of these mediators in these

interactions.
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4.3 Experimental Section

4.3.1 Study Participants

A total of 320 participants (as the BREQ2 data were collected only from 320
participants) were included in this study from Sheffield Hallam University students and
staff , as well as 183 adults with overweight or obesity studied prior to participating in
weight loss intervention programmes at Shape Up, RIO and Concorde (see table 2.1 in
chapter 2). The study group from the university was a subgroup of those studied in
Chapter 3 as not all of the participants in Chapter 3 were asked to complete the
questionnaires for this part of the study.

Ethical clearance for the study was granted by the local NHS and the Ethics Committee
of the Biomolecular Research Centre, Sheffield Hallam University, all participants

provided written informed consent before taking part in the study.

4.3.2 Anthropometry

Body weight and height for the participants was measured by the method described in
chapter 2. BMI was calculated as body mass in kilograms divided by the square of

height in meters.

4.3.3 Eating Behaviours

Eating behaviours were measured using the TFEQ-R18 (Karlsson et al. 2000) as

previously described in chapter 2.
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4.3.4 Exercise motivation.

Participants self-rated their motivation for exercise using the Behavioural Regulation in
Exercise Questionnaire-2 (BREQ-2; (Markland and Tobin 2004). As previously described

in chapter 2.

4.3.5 Genotyping

Was undertaken as previously described in chapter 2.

4.3.6 Statistical analysis

The Statistical Package for the Social Sciences (SPSS software version 24, IBM) was
used for the statistical analysis with significance accepted if p < 0.05. Distribution of
data was checked using the Kolmogorov-Smirnov Test and descriptive statistics were
calculated. Pearson correlation was undertaken to explore association between
variables including age, BMI, eating behaviours and motivation to exercise. T-tests
were performed to assess sex and genotype differences in age, BMI, eating behaviours
and motivation to exercise. in order to examine effect of age, sex, FTO genotype and
BMI, the population split by age in < 25 years vs > 25 years, by sex to male and female,
by genotype into AA+AT vs TT genotype and by their BMI into obese BMI >30kg/m? vs
non-obese <30kg/m?2. After Bonferroni correction p value need to be 0.005 to consider

as significant.

Multiple regression analysis was performed to assess the multivariate relationships
between the independent variables and BMI. In this regression model, the selected
predictors (age, TFEQ-R18 subscales and BREQ2 subscales) were forced into the model

and the semi-partial correlation coefficient was calculated to quantify the unique
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contribution of each predictor to the variance in the dependent measure (Cohen et al.

2014).

To test our primary hypothesis, a mediation analysis with bootstrapping was
undertaken (Preacher and Hayes 2008). For the mediation model (Figures 4.10 and
4.11), exercise motivation is the independent variable, eating behaviours are the
mediator variable, and BMI is the dependent variable. Age, sex and FTO genotype are

the covariates. For outcome data, effect sizes were calculated using Cohens d.

4.4 Results

4.4.1 Descriptive statistics

The descriptive statistics for the primary variables for the overall sample, by sex,
genotype and by BMI are shown in tables 4.1, 4.2 and 4.3. The subjects had a mean +
SD age of 36.6+16.8 years, and BMI of 29.7+8.9 kg/m?. In this sample there were
significant differences in mean BMI between men (28.5+7.9) kg/m? and women
(30.849.4) kg/m?. Also, between carriers of the FTO TT genotype (28.1+8.6) kg/m?,
compared to those with AT+AA genotype (30.5+8.9) kg/m?. TFEQ-R18 scores and
BREQ-2 results show no significant difference between the genotypes. However, there
were significant differences between males and females in cognitive restraint and
identified regulation, with males having a higher mean score than women. However,
this is not significant after Bonferroni correction. The results also shows that people
with obesity in table 4.3 were older than non-obese people and had higher mean score
for emotional eating, had higher score of amotivation and external regulation and
lower score of identifying regulation and intrinsic regulation than non-obese people,

these significant relationships were still present when age was controlled for.
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Table 4-1 Descriptive statistics for primary variables for total sample and, by sex.

Overall Female Male
N=503 N=285 N=218
M SD M SD M SD t p d
Age 36.6 16.8 36.9 16.6 35.6 17.1 .88 | .376 | .077
BMI* 29.7 8.9 30.8 9.4 28.5 7.9 29 | .004 | .264
Cognitive 12.9 3.3 12.7 3.5 13.3 3.0 |-2.05| .041 | .184

restraint

Uncontrolled 20.3 5.6 20.2 5.7 20.5 5.5 -.67 | .498 | .053
eating

Emotional 7.1 3.2 7.4 3.3 6.9 3.1 1.69 | .091 | .156
eating

Amotivation 1.5 2.6 1.4 2.5 1.7 2.8 -1.0 | .304 | .113
External 2.6 3.1 2.6 3.0 2.8 3.1 -48 | .630 | .065
regulation

Introjected 4.8 35 4.8 3.6 4.9 3.5 -.24 | .804 .028
regulation

Identified 9.9 4.2 9.6 4.3 10.4 4.0 -1.9 | .047 | .192
regulation

Intrinsic 9.6 4.7 9.4 4.8 10.1 4.6 -1.7 | .073 | .149
regulation

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation; t
=t-test; p= p-value; d=Cohen's d;* significant p<0.005 (after Bonferroni correction).
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Table 4-2 Descriptive statistics for primary variables, by genotype.

TT AT+AA
N=155 N=348
30% 69%
M SD M SD t p d
Age 32.7 15.1 37.0 16.9 | -2.67 | .008 | 0.27
BMI 28.1 8.6 30.5 8.9 -2.64 | .008 | 0.27
Cognitive restraint 12.8 3.3 13.1 3.3 -.640 | .522 | 0.09
Uncontrolled eating 19.7 5.8 20.6 5.4 -1.58 | .113 | 0.16
Emotional eating 7.15 3.1 7.2 3.2 -.208 | .836 | 0.02
Amotivation 1.4 2.7 1.5 2.6 -.513 | .608 | 0.03
External regulation 2.5 2.9 2.7 3.1 -1.04 | .300 | 0.06
Introjected regulation 4.9 3.6 4.8 35 -.076 | 939 | 0.03
Identified regulation 9.5 4.3 10.1 4.2 -1.46 | .145 | 0.14
Intrinsic regulation 9.2 4.6 9.8 4.7 -1.26 | .209 | 0.13

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation;
t=t-test; p=p-value; d=Cohen's d.
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Table 4-3 Descriptive statistics for primary variables, by BMI.

Note. (Non-obese BMI < 30Kg/m?, people with obesity BMI > 30kg/m?. All significance

Non-obese People with
with obesity
N=290 N=213
M SD M SD t p d
Age* 28.2 13.3 47.3 14.8 | -14.54 | .000 1.357
BMI* 23.5 3.1 38.7 6.4 -31.38 | .000 3.022
Cognitive restraint 131 3.5 12.9 2.9 .140 .889 0.062
Uncontrolled eating 20.6 5.7 19.8 5.4 1.54 125 0.144
Emotional eating™ 6.8 3.2 7.7 3.3 -2.97 .003 0.276
Amotivation* 1.2 2.4 1.9 2.8 -3.25 .001 0.268
External regulation* 2.2 2.6 3.4 3.5 -4.165 | .000 0.389
Introjected regulation 4.9 3.4 4.8 3.7 .283 777 0.028
Identified regulation™ 10.9 3.8 8.7 4.4 5.682 .000 0.535
Intrinsic regulation* 10.8 4.2 8.1 5.1 6.169 .000 0.577

tests were two-tailed. M= mean score; SD =standard deviation; t =t-test; p= p-value;
d=Cohen's d ;* significant p<0.005 (after Bonferroni correction).
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4.4.2 Relationships between age, BMI, eating behaviours and motivation to
exercise

Correlations between age, BMI, eating behaviours and motivation to exercise were
calculated and categorised for the overall population in table 4.4, by sex (male and
female) in table 4.5, by genotype (TT genotype and AT+AA genotype) in table 4.6, and

by age (< 25 years and >25 years) in table 4.7.

Table 4.4 shows that age has a significant inverse relationship with introjected
regulation (r=-0.160""), identified regulation (r=-0.138") and intrinsic regulation (-
0.189™). BMI has a significant positive relationship with amotivation (r=0.175""), and
external regulation (r=0.226"") and significant inverse relationships with identified
regulation (r=-0.229"%) and intrinsic regulation (r=-0.267""). Uncontrolled eating has
significant positive relationships with introjected regulation (r=0.135""), identified
regulation (r=0.152"") and intrinsic regulation (r=0.119"") Emotional eating has
significant positive relationships with external regulation (r=0.144"") and introjected

regulation (r=0.106").
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Table 4-4 Relationships between age, BMI, eating behaviours and motivation to

exercise for the overall sample

Amotivation External | Introjected | Identified Intrinsic
lati lati lati
regulation | regulation | regulation motivation

Age .079 .013 -.160™" -.138"" -.189™
BMI 175" 226" .008 -.229™ -.267""
Cognitive restraint -.028 -.009 .085 .053 .048
Uncontrolled eating -.029 .044 135" 152" 119
Emotional eating -.001 144" .106" -.001 -.026

Note. Correlations of primary variables for overall population. All significance tests
were two-tailed (*p <.05; “'p <.01).

In table 4.5 the results show the relationships between age, BMI, eating behaviours
and motivation to exercise. In women there is a significant positive relationship
between age and amotivation, (r=0.120%), in contrast with men where no such
relationship is seen. BMI has significant positive relationship with amotivation
(r=0.220"") in women, in contrast with men where no such relationship is seen. For
cognitive restraint, in women there is a significant positive relationship between
cognitive restraint and introjected regulation (r=0.149%). In men, the relationship is not

significant.

Considering uncontrolled eating with exercise motivation, there is a significant positive
relationship between uncontrolled eating and introjected regulation (r=0.233"),
identified regulation (r=0.200"") and intrinsic regulation (r=0.123") in women. In men,
the relationships are not significant. For emotional eating with motivation to exercise,
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there is a significant positive relationship between emotional eating and external

regulation (r=0.243"") and introjected regulation (r=0.206"") in women, the
relationships are not significant in men.
Table 4-5 Relationships between primary variables by sex
Amotivation External Introjected Identified Intrinsic
regulation regulation regulation regulation
F M F M F M F M F M
Age .120° .035 -.059 .103 -199™ | -.109 -.151" -.115 -1677° | -2147
BMI 220" 129 192" 2917 -.063 127 -266" | -.143" | -.299" | -.195"
Cognitive -.020 -.051 .027 -.055 .149° -.017 .083 -.019 .073 -.010
restraint
Uncontrolled -.014 -.057 126" -.080 233" -.007 .200" .090 1237 .125
eating
Emotional .035 -.047 243" .005 206" -.040 .053 -.053 -.020 -.005
eating

Note. M=male, F=female. All significance tests were two-tailed (*p <.05; “*p < .01).
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In table 4.6 the results show that age has positive relationship with amotivation
(r=0.240"") and an inverse relationship with introjected regulation (r=-0.321"),
identified regulation (r=-0.321") among the TT genotype group only. With
uncontrolled eating there are significant positive relationships between uncontrolled
eating and introjected regulation (r=0.212) identified regulation (r=0.305""), and
intrinsic regulation (r=0.290%) in the TT genotype group. In contrast with the AA
genotype group where no such relationship exists. Considering emotional eating, there
is a significant positive relationship with external regulation (r=0.237") in the TT

genotype group which contrasts with men where no such relationship is seen.

Table 4-6 Relationships between primary variables by genotype.

Amotivation External Introjected Identified Intrinsic
regulation regulation regulation regulation
TT AA+AT TT AA+AT TT AA+AT TT AA+AT TT AA+AT
Age 2407 .028 -.084 .048 -.321" -099 | -321" | -.092 | -325" | -.187"
BMI 239" | .150" .188" 234" -.139 061 |-393" | -176"" | -.399"" | -.237"
Cognitive -.152 .004 -.097 .014 .068 .085 .100 .026 .140 .004
restraint
Uncontrolled -.128 -.001 -.012 .047 2127 .080 .305" .066 .290" .046
eating
Emotional -.034 .012 2377 .098 .120 .082 .037 -.026 .089 -.072
eating

Note. TT= TT genotype group, AA+AT= AA+AT genotype group. All significance tests
were two-tailed (“p < .05; “'p <.01).
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In table 4.7 the results show that there are significant inverse relationships between
age and introjected regulation (r=-0.293""), identified regulation (r=-0.167"") and in the
> 25 years. In contrast with < 25 Y where no such relationship is seen. For BMI with
motivation to exercise, there are significant positive relationships between BMI and
amotivation (r=0.240""), and significant inverse relationships between BMI and
identified regulation (r=-0.352"") and intrinsic regulation (r=-0.330"") in the group > 25

years. In the £ 25 years group, these relationships are not significant.

Considering uncontrolled eating with motivation to exercise, there is a significant
positive relationship between uncontrolled eating and identified regulation (r=0.242"")
and intrinsic regulation (r=0.191"") in the < 25 years group, in contrast in the above 25
years group the relationship is significant with introjected regulation (r=0.151"). For
emotional eating with motivation to exercise, there are significant positive
relationships between emotional eating and external regulation (r=0.192"") and
introjected regulation (r=0.175"") in the > 25 years group, the relationship is not
significant in the < 25 years group. Regarding cognitive restraint, there were no

relationships with motivation to exercise.
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Table 4-7 Relationships between primary variables by age.

Amotivation External Introjected Identified Intrinsic
) regulation ) regulation
regulation regulation

<25Y | >25Y <25Y | >25Y <25Y >25Y <25Y >25Y <25Y | >25Y

Age -.102 .039 -.051 -.033 -.017 -.293" .061 -.167" .042 -121

BMI 005 | 240" | 207 | 303" | .130 024 | -008 | -352" 00 | -3307

Cognitive -.034 | -.005 -.037 .022 .015 133" .034 .037 .095 -.025
restraint

Uncontrolled | - 041 | .012 -.022 .048 .065 151" 242" .056 .191% .036
eating

Emotional -.035 .028 .034 192" | -.036 .175™ .004 -.032 .059 -.088
eating

Note. €25 Y= 25 Years and under, >25 = Over 25 Years. All significance tests were two-

tailed ("p < .05; "'p <.01).
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Table 4.8 shows there are significant inverse relationships between age and external

regulation (r=-0.151"") and introjected regulation (r=-0.172"") in the non-obese group.

These relationships are not significant in people with obesity. For BMI with motivation

to exercise, there are significant positive relationships between BMI and external

regulation (r=0.198"") in people with obesity but not in non-obese people.

With regards to uncontrolled eating with motivation to exercise, there is a significant

positive relationship between uncontrolled eating and identified regulation (r=0.165"")

in the non-obese group only. Considering emotional eating with motivation to

exercise, there are significant positive relationships between emotional eating and

external regulation (r=0.212"") and introjected regulation (r=0.173"") in the people

with obesity, in contrast with the non-obese group where no such relationship is seen.

Table 4-8 Relationships between primary variables by BMI

Amotivation External Introjected Identified Intrinsic
regulation regulation regulation regulation
non obese non obese non obese non | obese | non obese
obese obese obese obese obese
Age -.035 .028 -.151" -099 |-.172"|-192" | .091 | -.066 .034 -.098
BMI .023 .139 -.039 | .198" | .067 .016 115 | -.112 | .057 | -.133
Cognitive -.037 -.022 -.032 .010 .075 .097 .019 .092 .035 .062
restraint
Uncontrolled -.015 -.030 .016 117 1197 165% | 1657 | 114 .093 134
eating
Emotional -.040 -.024 .020 212" .055 1737 .010 .068 .008 .027
eating

Note. (Non-obese BMI <30Kg/m? and obese BMI >30Kg/m?). All significance tests were
two-tailed ("p <.05; "p < .01).
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In table 4.9 descriptive statistics for the primary variables by sex and genotype. The
males with AA+AT genotype have a higher BMI of (29.3+8.3) kg/m?than males with TT
genotype (25.8+5.7) kg/m?. There was significant differences between females with
different genotype group in identifying regulation. Females with the AA+AT genotype

had higher identified regulation (10.1+4.2 vs 8.5%4.2) than those with TT genotype

group.
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Table 4-9 Descriptive statistics for females and males split by genotype.

Female Male
N= 285 N=218
TT AA+AT TT AA+AT

N=89 N=196 N=68 N= 150

31.2% 68.7% 31.1% 68.8%

M1SD M1SD t p d M1SD M+SD t p d
Age 33.6115.6 38.0+16.8 -2.02 .04 0.27 31.4+14.4 | 35.7+17.1 -1.79 .07 0.27
BMI 29.749.9 31.319.3 -1.28 2 0.166 25.815.7 29.3+8.3 -3.46 .00 0.49
Cognitive restraint 12.8+3.3 12.8+3.5 -.073 .94 0 12.943.3 13.4+29 -.117 .90 0.16
uncontrolled eating 19.215.4 20.615.5 -1.86 .06 0.256 20.5t6.4 20.615.3 .769 44 0.017
Emotional eating 7.1£3.1 7.5£3.3 -.84 .39 0.124 7.2£3.4 6.81£3.1 -1.90 .05 0.122
A motivation 1.7£2.7 1.3+2.4 1.04 .29 0.156 1.1+2.5 1.912.8 -1.909 .05 0.3
External regulation 2.61£3.0 2.7%£3.2 -.23 .82 0.032 2.3+£2.7 2.913.2 -1.223 .22 0.202
Introjected 4.7+3.6 4.9+3.6 -.32 .75 0.055 5.01£3.6 4.9+3.5 311 .75 | 0.028
regulation
Identified 8.514.2 10.1+4.2 -2.93 .004 0.38 10.9+3.9 10.2+4.1 1.266 .20 0.17
regulation*
Intrinsic regulation 8.514.5 9.7+4.9 -1.99 .048 0.255 10.3+4.7 10.0+4.5 403 .68 0.065

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation; t =t-test; p= p-value; d=Cohen's d ;* significant
p<0.005 (after Bonferroni correction).
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Figure 4-1 The relationships between age and amotivation, external regulation and
introjected regulation. Panels A, B and C are for females and panels D, E and F are
males. There were significant positive relationships between age and amotivation in
the TT genotype group in females. and a significant inverse relationship between age

and introjected regulation in the TT genotype group also in females.
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Figure 4-2 The relationships between age and identified regulation and intrinsic
regulation. Panels A, B and for females and panels C and D are males. There was a
significant inverse relationship between age and identified regulation in the TT
genotype group in females and significant inverse relationships between age and

intrinsic regulation in both genotype groups in both sexes.
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Figure 4-3 The relationships between BMI and amotivation, external regulation and
introjected regulation. Panels A, B and C are for females and panels D, E and F are
males. There was a significant positive relationship between amotivation and BMI in
the AA+AT genotype group in females only and positive relationships between BMI
and external regulation in the AA+AT group in both sexes. There was also an inverse
relationship between BMI and introjected regulation in the TT genotype group in

females.
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Figure 4-4 The relationships between BMI and identified regulation and intrinsic
regulation. Panels A, B and for females and panels C and D are males. There were
inverse relationships between identified regulation and BMI in both genotype groups
in both sexes and an inverse relationship between intrinsic regulation and BMI in the

AA+AT genotype group in males only.
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restraint,

uncontrolled eating and emotional eating. Panels A, B and C for females and panels D,

E and F are males. There were no significant relationships between amotivation and

eating behaviours in both genotype groups in both sexes.
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Figure 4-6 The relationships between external regulation and cognitive restraint,

uncontrolled eating and emotional eating. Panels A, B and C for females and panels D,

E and F are for males. There was a significant positive relationship between external

regulation and uncontrolled eating in the AA+AT genotype group and positive

relationships between emotional eating and external regulation in both genotype

groups in females only.
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Figure 4-7 The relationships between introjected regulation and cognitive restraint,
uncontrolled eating and emotional eating. Panels A, B and C for females and panels D,
E and F are males. There was a significant inverse relationship between uncontrolled
eating and introjected regulation in the AA+AT genotype group and a significant

positive relationship in the TT genotype group, there was also a significant positive
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relationship between emotional eating and introjected regulation in

genotype group.
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Figure 4-8 The relationships between identified regulation and cognitive restraint,

uncontrolled eating and emotional eating. Panels A, B and C for females and panels D,

E and F are males. There were significant positive relationships between uncontrolled

eating and identified regulation in the TT genotype group in both sexes.
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Figure 4-9 The relationships between intrinsic regulation and cognitive restraint,

uncontrolled eating and emotional eating. Panels A, B and C for females and panels D,

E and F are males. There was a significant positive relationship between uncontrolled

eating and identified regulation in the TT genotype group in males only.
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4.4.3 Regression analysis for influence of age, TFEQR18 subscales and BREQ2
subscales on BMI

The results of the final model, which included TFEQ-R18, BREQ-2 and age, are
presented in Table 4.10, Regression analysis results highlights that the adjusted R? of
42.8 indicates a high predictive value for the model. Age was significantly associated
with BMI. Specifically, BMI increased by .304 for every point increase in age (p <.0001).
External regulation was also significantly associated with BMI. Specifically, BMI
increased by .461 for every point increase in External regulation score (p <.0001). The
variables which had the greatest effect after that were emotional eating (p=.001), and
introjected regulation (p=.003). Identified regulation was negatively associated with
BMI which decreased by -.428 for every point increase in Identified regulation score

(p=.001).

Table 4-10 Multiple Regression Analysis for factors influencing BMI

B t p Semi partial

correlation
Age .304 15.358 .000 .537
Cognitive restraint .016 .154 .878 .005
uncontrolled eating .007 .109 914 .004
Emotional eating .387 3.390 .001 118
A motivation 129 .990 323 .035
External regulation 461 3.860 .000 .135
Introjected regulation .345 3.007 .003 .105
Identified regulation -.428 -3.298 .001 -.115
Intrinsic regulation -.071 -.678 498 -.024

R*x100= 43.9 (adjusted R? =42.8), SEE= 6.7 F (df, 9.46) = 39.9 (p<0.0001).
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4.4.4 Mediation analysis

The regression analysis showed that external regulation was the subscale most
associated with BMI, but in the AA+AT genotype group only; emotional eating was
strongly correlated with external eating in females only. According to these findings
the mediation analysis was run. Results of mediation analysis are shown in figures
4.10 and 4.11. Emotional eating mediates the relationships between external
regulation and BMI in females, but not in males, and to a small extent in people with

obesity, compared to people of normal weight.
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Figure 4-10 Mediation analysis model for the relationship between BMI, emotional
eating and external regulation. Panel A males and panel B females. The model
indicates that Emotional eating may partially mediate the relationship between
external regulation and BMI in the female group but not in the male group (p < .05;

p<.01).
A
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Figure 4-11 Mediation analysis model for the relationship between BMI, emotional
eating and external regulation. Panel A non-obese and panel B people with obesity.
There is an indication that there may be some partial mediation of the relationship
between external regulation and BMI by emotional eating in people in the obesity

group, but this is not seen in the non-obese group (“p < .05; “p <.01).
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Table 4.11 shows there are significant inverse relationships between age and external
regulation (r=-.235%) and introjected regulation (r=-.420"") in the weight manager
group. There are also inverse relationships between age and introjected regulation (r=-
.293™) and identified regulation (r=-.167"") in the SHU staff group. For BMI with
motivation to exercise, there was significant positive relationships between BMI and
amotivation (r=.207"") there were also significant positive relationships between BMI
and amotivation there are significant positive relationships between BMI and
amotivation (r=.240"") and external regulation (r=.303"") and inverse relationships with

identified regulation (r=-.352"") and intrinsic regulation (r=-.330"") in SHU staff.

Table 4-11 Relationships between age, BMI and motivation to exercise by between
different population

Age BMI
Student | SHU weight | Student | SHU weight
staff | manager staff | manager
Amotivation | -.102 .039 -.019 -.005 .240™ 125
External -051 | -033 | -235 | 207" | .303" | .190
regulation
Introjected | -.017 - -420™ 130 -.024 .002
regulation 293**
Identified .061 - .023 -.008 - -.294"
regulation 167 352**
Intrinsic .042 -.121 -.077 .00 -.330" | -.325™
regulation

All significance tests were two-tailed (“p < .05; **p < .01).

In table 4.12 there is a significant positive relationship between cognitive restraint and

introjected regulation in SHU staff group, considering the uncontrolled eating; there
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are positive relationships between uncontrolled eating and introjected regulation in

SHU staff group and positive relationships between uncontrolled eating and identified

regulation and intrinsic regulation in the students group. Turning to, emotional eating

there are positive relationships between emotional eating and external regulation and

introjected regulation in SHU staff groups and negative relationships between

emotional eating identified regulation in the weight manager group.

Table 4-12 Relationships between eating behaviours and motivation to exercise
between different population

Cognitive restraint

Uncontrolled eating

Emotional eating

Students | SHU Weight | Students | SHU Weight | Students | SHU | Weight
Staff | managers Staff | managers Staff | managers
Amotivation -.034 -.005 071 -.041 .012 .012 -.035 .028 |.163
External -.037 .022 -.024 -.022 .048 132 .034 1927 | .222
regulation
Introjected .015 133" 101 .065 151" .087 -.036 175" | .091
regulation
Identified .034 .037 179 2427 .056 -.135 .004 -.032 | -.277°
regulation
Intrinsic .095 -.025 .085 .191* .036 -.049 .059 -.088 |-.135
regulation

All significance tests were two-tailed ("p < .05; “"p < .01).
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4.5 Discussion

The aim of this study was to explore the association between motivation to exercise
and eating behaviours as well as BMI and to examine the influence of age, sex, BMI
and FTO genotype on these relationships. TFEQ-R18, the BREQ2, and genotype for the
rs9939609 FTO polymorphism were used to study 503 individuals. The data were
analysed and the population split by sex, FTO genotype, age and BMI. Regression
analysis was used to examine the effect of all of these factors on BMI and to identify
which one has the strongest effect. Mediation analysis was used to investigate possible
mechanisms underlying the association between some of the relationships observed.

The main findings are as follows:

4.5.1 Behaviour regulation exercise questionnaire (BREQ2) subscales

- Influence of sex on (BREQ-2) subscales

- When the population was split by sex, (table 4.1) the only difference between
mean scores for BREQ-2 was for identified regulation (which is when a person
thinks the behaviour is valuable) which were higher in men than women
However, it is not significant after Bonferroni correction. A study by Mahony et
al. 2018, found sex differences in BREQ-2 subscales with regards to intrinsic
motivation, which is the type of behavioural regulation which is chosen freely
(Murcia et al. 2007), with males scoring higher than females (Mahony et al.
2018). However this study was carried out in a specific population of healthcare
professionals who may be more aware of the benefits of exercise. Another
study has been carried out by Arbinaga and Garcia who found higher scores in
introjected regulation in females and higher scores in external regulation in

males (Arbinaga lbarzabal and Garcia Garcia 2003). The mean scores for BMI
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were higher than presented in chapter 3, because this study included an
additional 132 participants with obesity. The females had a higher mean BMI of
30.849.4 kg/m? than the males who had a mean BMI of 28.5+7.9 kg/m?;
Influence of FTO genotype on BREQ-2 subscales.
When the population was split by genotype (table 4.2), the results showed that there
were no significant differences in BREQ-2 subscales between the genotype groups,
although people in the AA+AT group had higher a mean score for identified regulation
and intrinsic regulation, but there were no significant differences between the mean
scores. The AA+AT group had a mean BMI of 30.5+8.9 kg/m? compared to the TT
genotype group who had a mean BMI of 28.148.6 kg/m?, which agreed with the data in
the previous chapter. The result also showed that the TT genotype group had a lower
mean age of (32.7+15.1) compared to the AA+AT group (37.0£16.9), the difference in
BMI between the genotype groups may be due to the influence of FTO genotype or
age as we also showed that age was associated with increased BMI.
- Influence of BMI on BREQ-2 subscales
When the population was split by BMI, the results showed that there are significant
differences between the groups, the non-obese group (BMI<30 kg/m?) had a higher
mean in identified regulation and intrinsic regulation compared to people with obesity
group (BMI>30 kg/m?). People with obesity had higher score-controlled motivation

(amotivation and external regulation) than non-obese people.

The Health Survey for England reported that physical activity levels are typically lower
in people with obesity (Health Survey for England, 2016) and these results show that
motivation may have an important influence on this. However, it is not possible to

determine from these results whether lower motivation to exercise is a causal factor in
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high BMI, or whether people with a higher BMI are less motivated to exercise due to

other factors, for example weight stigma, physical difficulty or discomfort.

4.5.2 Interactions between age on BREQ-2 subscales

Age has a significant inverse relationship with introjected regulation, identified
regulation and intrinsic regulation. These results are not in line with a previous study
which found no significant relationship between age and introjected regulation,
intrinsic regulation, external regulation, and identified regulation subscales (Gast e/ al.
2015). A possible reason is the lack of variance of the age of the sample in Gast’s study;
most of the sample consisted of freshman college students, with a mean age of 19
years (SD=2.42) (Gast et al. 2015). In contrast the population used in our study is larger
with a wider variation in age groups and in population type.

The Health Survey for England also reported that there is a decrease in physical activity
levels as people age (Health Survey for England, 2016) and our data support this
finding, implying that this decrease in exercise may be associated with a low
motivation to exercise. This finding is important for the design of programmes to
encourage greater participation in exercise, particularly in older adults, as it suggests

that targeting motivation may be an effective strategy.

- Influence of sex on the relationships between age and motivation to exercise

When the population was split by sex, the result showed low motivation to exercise
(introjected regulation, identified regulation and intrinsic regulation) with age in both
sexes but a high in amotivation with age for women only. This difference may be due
to the effect of life style changes, such as settling down with a partner (Mata et al.

2018, Anderson et al. 2004), getting a job (Au and Hollingsworth 2011), and
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particularly having children (Laroche et al. 2012) which may sometimes

disproportionately influence the opportunity to exercise in women compared to men. .

- Influence of genotype on the relationships between age and exercise

motivation

When the results were split by genotype, low scores of introjected regulation,
identified regulation and intrinsic regulation in the TT genotype group were associated

with age, and intrinsic regulation with age in the AA+AT genotype group.

4.5.3 Interactions between BMI and exercise motivation

The result of the correlation between BMI and motivation to exercise showed that,
BMI has a significant positive relationship with amotivation and external regulation
and a significant inverse relationship with identified regulation and intrinsic regulation.
These findings partially agree with another study which found significant positive
relationships between BMI and external regulation and introjected regulation and

significant inverse relationships between BMI and internal regulation (Gast et al. 2015).

This means that higher motivation to exercise is associated with lower BMI. This may
be due to these people doing regular physical activity compared to people with higher
BMI who don’t do exercise due to lack of motivation (Health Survey for England, 2016).
Or it may be that higher BMI leads people to lose their motivation to exercise due to
stress or as they become heavier they find it harder to do physical activity, and are
more self-conscious when participating. Addressing weight-stigma and providing

welcoming environments to exercise may help to address this lack of motivation.
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- Influence of sex on the relationships between BMI and motivation to exercise

When the group was split by sex, the results showed that the relationships between
BMI and amotivation and external regulation were significant only in women, low
motivation to exercise was associated with high BMI in women, which may be because
women disproportionately become less motivated to exercise and/or have a lack of
opportunity to exercise due to other responsibilities such as childcare. And as a result
their body weight may increase; increasing BMI may also make women unhappy and
lose their motivation to exercise, although it is difficult to determine the cause and

effect of these variables.

- Influence of genotype on the relationships between BMI and exercise

motivation

When the results are split by genotype, the relationships between BMI and external
regulation are significant only in the AA+AT genotype group. This may be because this
genotype is associated with increased BMI and external motivation may interact with
the effects of the gene or it may be due to compensatory beliefs and an increase in
food intake before and after exercise due to increased appetite associated with the

AA+AT genotype, although this was not measured in this study.

- Influence of age on the relationships between BMI and motivation to exercise

When the results were split by age, there was an inverse relationship between BMI
and introjected regulation, identified regulation and intrinsic regulation in people > 25
years only and there were positive relationships between BMI and external regulation
in people <25 years. This means that in older people internal motivation was

associated with low BMI, which may be due to people undertaking exercise regularly
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or eating healthily (although neither of these factors were measured in the current
study), in the younger group external motivation was associated with high BMI, which
may be due to compensatory beliefs or may be due to having unhealthy eating habits

that make their weight increase.

4.5.4 Interactions between exercise motivation and uncontrolled eating

Results of this study showed that uncontrolled eating has a significant positive
relationship with introjected regulation, identified regulation and intrinsic regulation. A
higher score for these types of motivation was associated with high uncontrolled
eating, this may be due to compensatory beliefs that happen after exercise, people
feel they have done plenty of exercise and they will lose weight, so eat too much food
as a reward compared to the actual number of calories they have used, but this
hypothesis was not tested in the current study. When the group was split by sex, there
were significant relationships between external regulation, introjected regulation,
identified regulation and intrinsic regulation in women only. When the population was
split by age these relationships become significant in < 25 years group only. When the
group was split by genotype these relationships become significant in TT genotype

group only.

According to the compensatory beliefs model (Knduper et al. 2004) when goals
associated with pleasure and harm come into conflict (e.g., “this cake will be tasty but
it is unhealthy”), a negative intrapersonal state of cognitive dissonance is created.
Cognitive dissonance reflects an aversive motivational state that occurs when an
individual holds two cognitions that are inconsistent with each other (Festinger 1957).
Conceptual work indicates that compensatory health beliefs are more likely to be

active when individuals experience controlled motivation for a task (Rabia et al. 2006).
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Compensatory beliefs become active when people face a conflict between goals to
maximize pleasure and to minimize harm. In the case of controlled exercisers, the
experience of physical activity satisfies the goal to minimize harm—Most individuals
are likely to recognize at least some health benefits of physical exercise. However,
these individuals are less likely to simultaneously satisfy their desire to experience
pleasure while undertaking physical activity, so the potential for conflict between
maximizing pleasure and avoiding harm is salient for these people. Our results indicate
that these effects may be stronger in women, in the younger age group and in the TT

genotype group.

4.5.5 Interactions between motivation to exercise and emotional eating

The results showed that external regulation and introjected regulation had significant
positive relationships with emotional eating. This means that when people are
motivated to exercise due to external regulation from friends or family members not
due to internal motivation it may lead to an increase in emotional eating. Only a few
studies have examined the association between exercise motivation and eating
behaviours. Mata et al. 2009 found positive relationships between measures of
autonomy and eating variables typically associated with successful weight
management (cognitive restraint and eating self-efficacy) and negative relationships
for hindering eating variables (disinhibition, emotional and external eating) (Mata et al.

2009).

When the group was split by sex these relationships were significant in women only,
When the group split by age there were significant positive relationships between
introjected regulation, external regulation and emotional eating in the >25 years

groups.
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This means an increase in emotional eating associated with external regulation was
observed in women only and only in the > 25 years group, compared to the older
group. It is possible that these people respond to external motivation cues to exercise,
and they feel that they cannot undertake exercise due to responsibilities like going to
work and looking after children. This puts them under more under stress, increasing
feelings of unhappiness and resulting in an increase in emotional eating taking place.
However the current study did not collect data to test this hypothesis which may be
conjecture. When the group was split by genotype there were significant positive
relationships between external regulation and emotional eating in the TT genotype

group only.

4.5.6 Interactions between motivation to exercise and cognitive restraint

For cognitive restraint, in women there is a significant positive relationship between
cognitive restraint and introjected regulation only. This is mean receiving external
motivation to exercise may make women restrain more to try to lose weight where
their weight has increased due to not doing exercise. Previous studies examined the
increase in food intake after exercise and used exercise motivation to predict post
exercise food intake (Dimmock et al. 2015, Fenzl et al. 2014). It has been proposed that
one cognitive strategy people employ to reach this equilibrium is to activate
compensatory beliefs (Knduper et al. 2004). These compensatory beliefs reflect the
idea that the negative effects of one behaviour can be neutralised or compensated for

by the positive effects of another.
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4.5.7 Regression analysis and mediation analysis

To better understand the role of age, eating behaviors and exercise motivation,
regression analysis was used to investigate how all of these factors (TFEQ subscales,
BREQ2 and age on BMI), interact together, and interact with BMI, to determine which
of these factors has the strongest effect on BMI (table 4.10). The results show that age,
external regulation and emotional eating have significant positively-associated
influences on BMI; identified regulation and after that introjected regulation also has

an effect.

Mediation analysis was used to investigate these relationships (Figures 4.10 and 4.11).
Figure 4.10 compares the female group with the male group and models the
relationship between external regulation and BMI in these groups. This type of analysis
can be used when there is a significant relationship between two variables, in this case
external regulation and BMI as shown in table. If a relationship is mediated by a third
variable (in this case emotional eating) this will be evident in the significant

correlations shown between the third variable and the other variables.

The mediation analysis in figure 4.10 for the females group shows a significant
correlation between external regulation and emotional eating (r=0.27), and between
emotional eating and BMI (r=0.34), and the correlation between external regulation
BMI is also significant. This analysis also allows for the investigation of the effect of
other variables (in this case age). In the case of male group, the mediating effect of
emotional eating is not present (but the correlation between external regulation and
BMI is significant). Therefore, in the female group for high BMI, emotional eating

mediated almost all of the relationships with external regulation, demonstrating a
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possibility that the female group with higher external regulation are using emotional

eating to suppress stress.

The mediation analysis in figure 4.11 for people with obesity group shows a significant
correlation between external regulation and emotional eating (r=0.15), and the
correlation between external regulation and BMI is also significant (r=0.48). This
analysis also allows for the investigation of the effect of other variables (in this case
age, sex and FTO genotype). In the case of non-obese people group, the mediating
effect of emotional eating is not present and the correlation between external
regulation and BMI is not significant). Therefore, in people with obesity, emotional
eating may be partially mediating the relationships with external regulation,
demonstrating a possibility that in people with obesity and higher external regulation

are using emotional eating to suppress stress.

4.6 Strengths of the study

A strength of this study is the novel findings; to our knowledge this study is the first to
examine the association between motivation to exercise and eating behaviour and BMI,
and this study is the first study to look at the effect of FTO genotype (the first gene
associated with obesity) on motivation to exercise and how it influences the
association between motivation to exercise and eating behaviour and BMI. This study
was also conducted on a large group of participants with a wide range of age groups
and different body weights, although this group was heterogeneous and this may limit

the validity of the findings.

164



4.7 Limitations of the study
A limitation of this study is that we did not measure physical activity levels; the
relationships between BREQ-2 scores and physical activity are well-established in the
literature and we were already using a large number of questionnaires with the
participants so tried to avoid overloading them leading to participant fatigue.
Regardless physical activity questionnaires are prone to bias. A more robust way of
monitoring physical activity is to use devices such as the ACTi heart combined
accelerometer and heart rate monitor; however, this was not feasible with the size of

the population being studied due to cost and availability of equipment.

Another limitation is the use of self-reported answers to questionnaires; people may
choose answers which reflect how they wish things were rather than being honest,
and this effect may be influenced by the variables we studied including sex and BMI,
potentially having a disproportionate effect on some aspects of the findings. Finally,
we chose to only study one polymorphism, again due to time and cost limitations,
genome-wide screening of the samples may identify variants which are equally or

more important in influencing the relationships studied here.

4.8 Conclusion
In conclusion, this study revealed that motivation to exercise interacts with eating
behaviours and these interactions are influence by age, sex, BMI and FTO genotype.
Emotional eating is a partial mediator between external regulation and high BMI,
explaining a proportion of this relationship. These findings will help address the
epidemic of obesity, providing a way for the specialists in obesity treatment to help

people to lose weight by giving them personalised interventions such as support to
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motivate them to do exercise regularly and follow healthy eating style depending on

the aforementioned factors.
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5 CHAPTER 5: Eating behaviour, alexithymia and BMlI in

people with obesity

5.1 Introduction

Alexithymia is a personality trait that may affect the development and course of
obesity, concomitant mental disorders, and the effectiveness of weight reduction
therapy (Sifneos 1996). Alexithymia, which means “no words for emotions,” is a set of
cognitive—emotional deficits that includes the inability to identify and express
emotions and affects, an impoverished fantasy life, preference for concrete concerns,
and avoidance in coping with conflicts or reporting emotions (Sifneos 1996).
Alexithymia is also associated with the development of eating disorders, such as
anorexia and bulimia nervosa (Cochrane et al. 1993). Nevertheless, the results of
studies evaluating the relationship between alexithymia and eating behaviours are
conflicting (Franco Adami et al. 2001), and only a few studies have looked at the

relationships between alexithymia and eating behaviour in people with obesity.

Dated empirical evidence suggests a relationship between alexithymia and obesity
(Clerici et al. 1992), although some studies do not support this hypothesis, suggesting
that alexithymia is only present in people with obesity who have eating disorders
(Pinaquy et al. 2003). It has also been suggested that in patients with severe obesity,
alexithymia traits might reflect an underlying eating disorder, such as binge eating
disorder (de Zwaan et al. 1995), or cause emotional eating because of difficulties in

reading internal cues (Pinaquy et al. 2003).

In addition, results of some studies propose a bilateral relationship between
alexithymia and obesity (Clerici et al. 1992). Some authors have stated that obesity

favours the development of secondary alexithymia, (Grabe et al. 2010), whereas
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others consider alexithymia a primary trait, influencing binge eating and obesity
(Larsen et al. 2003). The high frequency of alexithymia in people with obesity has also
been stated to be a potential consequence of depression (de Groot et al.1995). The
Toronto Alexithymia Scale (TAS-20) is a 20-item instrument that is frequently used to

measure alexithymia (Bagby et al. 1994).

Alexithymia and eating behaviour have been studied in people with eating disorders.
Initial observations highlighted that patients with eating disorders have difficulty
recognising and describing emotions; which predated the formulation of the
alexithymia construct (Bruch 1962, Bruch 1973). Pinaquy et al. (2003) examined the
relationship between alexithymia and emotional eating in 169 women with obesity,
with and without binge eating disorder (BED); emotional and external eating was

significantly higher in BED participants but there was no difference in restrained eating.

Sex can influence eating behaviours and BMI as detailed in chapter 3 and its influence
on alexithymia and when investigated in large-scale studies in the general population,
results highlight that men score significantly higher than women on the TAS-20 scale
(Taylor et al. 2003). In addition, in 2007, Moriguchi et al reported that the investigation
of the effect of sex on alexithymia revealed no sex difference in the total alexithymia

scores but mentioned some different in alexithymia subscales (Moriguchi et al. 2007).

The effect of genetics on alexithymia have been shown in previous studies with one
study finding a substantial contribution of genetic factors to individual differences
in alexithymia and all its facets as measured by theTAS-20 (Picardi et al. 2011). This
finding is consistent with another large study which suggests that genetic factors have
a noticeable and similar impact on all facets of alexithymia (Jorgensen et al. 2007). The

effect of FTO genotype on eating behaviours and BMI has been shown in previous
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studies, which is supported in the previous study in chapter 3, but to the principal
investigators knowledge no study has examined the effect of age and FTO genotype on

alexithymia.

As we age, body weight typically increases. In chapter 3 we found age has a strong
inverse relationship with uncontrolled eating and emotional eating and there is
increasing in BMI with age. A previous study also showed an association between age
and alexithymia. Moriguchi et al. reported that the total score of the TAS-20 is
negatively correlated with age and showed that TAS-20 scores were high in teenagers,
decreased with age until the age of about 30 years and then remained relatively

unchanged (Moriguchi et al. 2007).

5.2 Objectives of the study

The current study investigates the interactions between eating behaviours, alexithymia
and BMI. Based on previous literature, there are interactions between emotional
eating and alexithymia that influence BMI in people with eating disorders and people
with obesity. The characteristics of the population included in this study (1) they are
overweight or have obesity BMI of 39.21+6.11 kg/m2 (2) the average age is older, age

of 51.94+13.8 years (in contrast to the average age in the previous 2 chapters).

The previous findings indicate that when considering the relevance of eating
behaviours to obesity it is important to consider other variables that are known to
influence these measures such as genetics, age, sex. It is also important consider
which associations are mediated by other relevant variables. Thus, objectives of this

study were:
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1) To investigate the interactions between eating behaviours, alexithymia and BMI.
2) To determine the influence of FTO genotype, sex and age on these interactions.
3) To use mediation analysis to explore role of potential mediators in these

relationships.

5.3 Experimental Section

5.3.1 Study Participants

Participants for this study were recruited from the Rotherham Institute for Obesity
(RIO) and from the Shape Up programme at Rotherham’s leisure centres. See chapter 2

for details. A total of 83 participants (59 female, 24 male) were included in this study.

5.3.2 Anthropometry

Body weight and height were collected by trained specialists at the RIO and from
Rotherham'’s leisure centres see chapter 2 for details. BMI was calculated as body mass

in kilograms divided by the square of height in metres.

5.3.3 Eating Behaviours

Eating behaviours were measured as described previously.

5.3.4 Alexithymia

Alexithymia was measured using the Toronto Alexithymia Scale (TAS-20) (see appendix
4), the widely used measure of alexithymia.TAS-20 Demonstrates good internal
consistency (Cronbach’s alpha = .81) and test-retest reliability (.77, p<.01) (Bagby et al.
1994). The TAS-20 consists of three subscales. Factor 1 assesses the difficulty of
identifying feelings and consists of 5 items; factor 2 assesses the difficulty of
describing feelings and consists of 7 items; factor 3 assesses externally oriented
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thinking and consists of 8 items. Possible answers to each item on the TAS-20 and their
scores were strongly disagree = 1, disagree = 2, neither agree nor disagree = 3, agree =
4, strongly agree= 5, so that the total score ranged from 20 to 100 points. Following
Taylor et al., scores of 61 and above were judged as indicating the person had an

alexithymic state (Taylor et al. 1999) (See chapter 2 for details).

5.3.5 Genotyping

Was undertaken as previously described in chapter 2.

5.3.6 Data analysis.

The Statistical Package for the Social Sciences (SPSS software version 24, IBM) was
used for the statistical analysis with significance accepted if p<0.05, or p<0.005 after
Bonferroni correction where appropriate. Distribution of data was checked using the
Kolmogorov-Smirnov Test and descriptive statistics were calculated. Pearson
correlation was undertaken to explore association between variables including age,
BMI, eating behaviours and alexithymia. The population was split by sex, FTO genotype
and according to total alexithymia score in (alexithymic = TAS-20 scores were > 60 and
non alexithymic TAS-20 scores were < 60), T-tests were performed to assess sex,
genotype differences and according to alexithymia score in age, BMI, eating
behaviours and alexithymia.

Multiple regression analysis was performed to assess the multivariate relationships
between the independent variables and BMI and weight loss. In this regression model,
the selected predictors (variables which were significant or approached significance in
the bivariate analysis) were forced into the model and the semi-partial correlation

coefficient was calculated to quantify the unique contribution of each predictor to the
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variance in the dependent measure (Cohen et al. 2014). Considering the relatively
small subject-parameter ratio (24:1) and in the absence of strong theoretical support
for a hierarchical entering of predictors into the model, this a priori (forced) model is
preferable to a stepwise model as it minimises instability in the selection of variables
into the model (and in parameter estimation) caused by potential sampling biases
(Biddle et al. 2001). To further explore relationships between variables, mediation
analysis with bootstrapping was used (Preacher and Hayes 2008). For the mediation
model (Figures 5.3, 5.4, 5.5 and 5.6), difficulty identifying feelings was the
independent variables, eating behaviours were the mediator variables, and BMI the
dependent variable. Age, sex and FTO genotype were the covariates. For outcome data,

effect sizes were calculated using Cohens d.

5.4 Results

5.4.1 Participant characteristics

Descriptive statistics for the primary variables for the overall population, by sex, by
genotype and by alexithymic scores are shown in tables 5.1, 5.2 and 5.3. The

participants had a mean + SD age of 51.94+13.8 years, and BMI of 39.21+6.11 kg/m?.

In Table 5.1, the findings are shown for the overall population and result for males are
compared with the females. BMI values in the female participants were slightly higher
than males; there was also significant difference in age between the sexes l.e. males
were older (57.19+11.09 years) than females (50.0+14.20 years). For TFEQ-R18 scores,
males had higher cognitive restraint scores (14.05+1.75) than females (12.12+2.66),

TAS-20 scores revealed that females had a higher score in total alexithymia and
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alexithymia subscales than males, but the differences were not significant (after

Bonferroni correlation). .

Table 5-1 Descriptive statistics for primary variables for overall sample and by sex.

All Female Male

Number N=83 N=59 N=24

M SD SD M SD p t d
Age 51.94 | 13.8 50.0 14.20 | 57.19 11.09 | .036 | -2.136 0.564
BMI 39.21 | 6.11 39.37 6.29 | 38.78 5.72 712 .370 0.098
Cognitive 12.65 | 2.57 12.12 2.66 | 14.05 1.75 .000 | -3.731 | 0.857
restraint*
Uncontrolled 19.96 | 3.64 19.72 3.59 | 20.24 3.48 .573 -.566 0.147
eating
Emotional 7.00 3.29 7.19 3.29 6.24 3.18 .256 1.144 0.294
eating
Difficulty 13.78 | 4.99 14.03 466 | 13.00 5.95 412 .824 0.193
Describing
Feelings
Difficulty 17.48 | 8.58 17.95 8.45 | 16.05 9.12 379 .885 0.216
Identifying
Feeling
Externally- 2441 | 7.17 24.9 5.81 | 23.00 | 10.14 .293 .831 0.229
Oriented
Thinking
Total 55.6 | 18.36 | 56.88 | 16.57 | 52.05 | 22.91 .296 1.052 0.242
alexithymia
score

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation; t

=t-test; p= p-value; d=Cohen's d; significant if p<0.005 (after Bonferroni correction).
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In table 5.2, the data shows the result for different FTO genotype groups AA+AT and

TT). There were no differences in BMI, TFEQ-R18, and TAS-20 between the two groups.

Table 5-2 Descriptive statistics for primary variables by genotype

TT AT+AA
Number N= 28 (8M/20F) | N=55(16M/39F)

33% 66%

M SD M SD p t d

Age 47.70 9.48 | 52.22 | 15.07 | .131 | -1.533 | 0.359
BMI 39.12 7.17 39.76 | 5.72 .696 | -.392 | 0.098
Cognitive Restraint 12.20 2.67 12.76 247 | 395 | -.855 | 0.217
Uncontrolled Eating 19.65 4.09 20.07 | 3.57 .665 | -.435 | 0.109
Emotional Eating 7.45 3.14 6.91 3.38 .535 .624 | 0.165
Difficulty Describing Feelings | 14.30 2.75 14.33 4.88 .976 | -.030 | 0.007
Difficulty Identifying Feeling 18.65 7.31 | 18.18 8.48 .827 .219 | 0.059
Externally-Oriented Thinking | 25.45 431 25.22 6.01 .875 158 | 0.044
Total alexithymia score 58.40 10.50 | 57.73 | 16.92 | .869 .166 | 0.078

Note. All significance tests were two-tailed. M= mean score; SD =standard deviation; t
=t-test; p= p-value; d=Cohen's d.

Table 5.3 highlights 41 participants (49%) demonstrated alexithymic traits, whereas, in
the other individuals, TAS-20 scores were lower than 60. Average BMI values of the
alexithymic group were higher (40.9+5.6) than the other group (37.6+6.2), people with
alexithymia were younger (48.3+10.9) than people without alexithymia (48.3+10.9).

The TFEQ score values of the alexithymic patients were significantly higher than those
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observed in their non-alexithymic group in uncontrolled eating and emotional eating,

but cognitive restraints score was similar in both groups. However, it is not significant

after Bonferroni correction as p value needs to be < 0.005 to consider as statistically

significant.

Table 5-3 Descriptive statistics for primary variables according to total alexithymia

score
Alexithymic
alexithymic + N=41
possibile (10M/31F)
alexithymic
N=42
(14M/28F)
M SD M SD p t d
Age 55.3 15.3 48.3 10.9 .019 241 0.53
BMI 37.6 6.2 40.9 5.6 .017 -2.43 0.56
Cognitive restraint 12.8 2.5 12.5 2.6 .688 402 0.09
Uncontrolled eating 19.0 3.4 20.8 3.6 .024 | -2.31 | 0.52
Emotional eating 6.1 2.9 7.9 34 011 -2.61 0.59
Difficulty Describing 10.4 4.5 17.2 2.6 <.001 | -8.54 1.87
Feelings*
Difficulty Identifying Feeling* | 10.9 6.2 24.2 4.5 <.001 | -11.04 | 2.44
Externally-Oriented 21.4 8.5 27.5 3.5 <.001 | -4.21 | 0.93
Thinking*
Total alexithymia score* 42.7 17.2 68.9 5.9 <.001 | -9.19 2.03

Note. Alexithymic (TAS-20 score > 60) and in non-alexithymic individuals. All
significance tests were two-tailed. M= mean score; SD =standard deviation; t =t-test;
p= p-value; d=Cohen's d; significant if p<0.005 (after Bonferroni correction).
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5.4.2 Relationships between age, BMI, eating behaviours and alexithymia

Correlations between age, BMI, eating behaviours and food cravings are categorised
for the overall population in tables 5.4 and 5.5, by sex in table 5.6, by genotype in table

5.7 and by alexithymia score in table 5.8.

Table 5.4 shows that there is a significant inverse relationship between age and
uncontrolled eating (r=-0.290""), emotional eating(r=-0.265"), difficulty describing
feelings(r=-0.268"), difficulty identifying feelings (r=-0.332"") and total alexithymia
score (r=-0.302""), BMI has significant positive relationship with difficulty identifying

feelings (r=0.285").

Table 5-4 Relationships between age, BMI, eating behaviours and alexithymia for
overall

Cognitive | Uncontrolled | Emotional | Difficulty | Difficulty | Externally- Total
N=83 | restraint eating eating Describing | Identifying | Oriented | alexithymia
Feelings Feeling Thinking score
Age 181 -.290™ -.265" -.268" -.332™ -.189 -.302"
BMI -.110 .206 215 152 .285" -.017 167

Note. Correlations of primary variables for overall population. All significance tests
were two-tailed (“p < .05; “p <.01).

Table 5.5 Shows that uncontrolled eating has significant positive relationships with
difficulty identifying feelings (r=0.290"") and total alexithymia score (r=0.251%),
emotional eating has positive relationships with difficulty describing feelings (r=0.241"),
difficulty identifying feelings (r=0.378""), externally-oriented thinking (r=0.221%) and

total alexithymia score (r=0.349").
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Table 5-5 Relationships between eating behaviours and alexithymia for the overall

population
Difficulty Difficulty Externally- Total
N=83 Describing Identifying Oriented alexithymia
Feelings Feelings Thinking score
Cognitive -.043 -.003 .050 .004
restraint
Uncontrolled .185 .290™" 122 251"
eating
Emotional 241" .378" 221" .349™"
eating

Note. Correlations of primary variables for overall population. All significance tests

were two-tailed (“p < .05; “'p <.01).

In table 5.6 the results show that in women there are significant positive relationships

between BMI and alexithymia scores including difficulty identifying feelings (r=0.334%)

and total alexithymia score (r=0.2897), in contrast these relationships are not seen in

men.

Relationships between uncontrolled eating and difficulty identifying feeling and total

alexithymia were significant only in women, but not in men.

Also relationships

between emotional eating and difficulty identifying feeling and total alexithymia were

only significant in women but not in men.
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Table 5-6 Relationships between primary variable by sex.

Difficulty Difficulty Externally- Total
Describing Identifying Oriented alexithymia
Feelings Feeling Thinking score
F M F M F M F M
Age -.265" | -.247 | -273" | -.487" | -.166 | -.209 | -.272° | -.351
BMI .249 -086 | .334 143 135 -306 | .289" | -.101
Cognitive -.018 | -.014 | -.009 .184 .200 -.010 .044 .070
restraint
Uncontrolled | .172 224 | 3477 .166 .013 .306 268" .265
eating
Emotional 225 245 | 368" 377 125 .358 327" .383
eating

Note. All significance tests were two-tailed ("p <.05; ~'p < .01).

In table 5.7 the results show that age has an inverse relationship with difficulty
identifying feelings (r=-0.356"") and total alexithymia score (r=-0.301%) in AA+AT
genotype group. In contrast, these relationships are not significant in the TT genotype
group. With regards to BMI and alexithymia, in the AA+AT genotype group there was
significant relationship between BMI and Difficulty Identifying Feelings (r=0.344").
Comparing with the TT genotype group, the relationships between BMI with

alexithymia were not significant.

Considering the relationship between eating behaviours and alexithymia, there was a
significant relationship between cognitive restraint and Externally-Oriented Thinking
(r=.459%) in the TT genotype group. However, the relationships are not significant in
AA+AT genotype group. There were also significant positive relationships between

uncontrolled eating and externally-oriented thinking (r=0.490%) and total alexithymia
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score (r=0.494%) in the TT genotype group only. Again, the relationships are not

significant in the AA+AT genotype group. A significant positive relationship between

emotional eating with difficulty describing Feelings (r=0.288") and difficulty identifying

feeling (r=0.368"") and total alexithymia score (r=0.350"") were noted in the AA+AT

genotype group, but the relationships are not significant in TT genotype group.

Table 5-7 Relationships of primary variable by genotype.

Difficulty Difficulty Externally- Total
Describing Identifying Oriented alexithymia
Feelings Feelings Thinking score
T AA+AT T AA+AT T AA+AT T AA+AT
Age -.228 | -.235 .050 | -.356"" | .041 -156 | -.008 | -.301°
BMI -.277 .253 .073 3447 .094 -.164 .017 184
Cognitive -123 | -.029 | -.002 .029 4597 | -.044 .155 -.010
restraint
Uncontrolled | .271 157 319 265 | .490" | -.003 | .494" | .177
eating
Emotional -.023 | .288" 303 | .368" | .128 231 .258 | .350™
eating

Note. All significance tests were two-tailed (*p < .05; **p < .01).
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Figure 5-1 The relationships between age and total alexithymia score, difficulty describing feeling, difficulty identifying feeling and
external oriented thinking. Panels A, B, C and D are for females and panels E, F, G and H are males. There was a significant inverse

relationship between age and difficulty identifying feeling in the AA+AT genotype group in females.
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Figure 5-2 The relationships between BMI and total alexithymia score, difficulty describing feeling, difficulty identifying feeling and
external oriented thinking. Panels A, B, C and D are for females and panels E, F, G and H are males. There were significant positive
relationships between BMI and total alexithymia, difficulty identifying feeling and difficulty describing feeling in the AA+AT genotype

group in females.

181



5.4.3 Regression analysis for influence of age, eating behaviours and alexithymia on
BMI

The results of the final model, which included TFEQ, TAS-20 and age, are presented in
Table 5.8. Regression analysis results indicated that the adjusted R? indicates a
medium predictive value for the model, adjusted R?=11.5. Difficulty identifying feelings
was significantly associated with BMI. Specifically, BMI increased by 0.297 kg/m? for
every point increase in difficulty identifying feelings score (p=.038). Age was positively
associated with BMI, but the effect was non-significant. Specifically, BMI increased by
.102 for every point increase in age (p <.077). The overall model is significant

(p=0.036).

Table 5-8 Multiple Regression Analysis for factors influence BMI

B t p Semi-partial

correlation
Age .102 1.795 .077 .200
Uncontrolled eating -.402 -1.449 .152 -.162
Cognitive restraint .262 1.152 .254 129
Emotional eating .203 .800 427 .089
Difficulty describing feeling -.061 -.226 .822 -.025
Difficulty identifying feeling .297 2.117 .038 .236
External orientation -.234 -1.577 .120 -.176

R*x100= 20.2 (adjusted R? =11.5), SEE=5.78, F (df, 6.56) = 2,34 (p=0.036)
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5.4.4 Maediation analysis results

The results of the mediation analysis are shown in (Figures 5.3 to 5.8). The regression
analysis showed that difficulty identifying feelings was the subscale most associated
with BMI. Uncontrolled eating and emotional eating were strongly correlated with
difficulty identifying feelings and total alexithymia; according to these findings the
mediation analysis was run. The results indicate that emotional eating and
uncontrolled eating may partially mediate the relationships between difficulty

identifying feelings and BMI in females.
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Figure 5-3 Mediation analysis model for the relationship between difficulty
identifying feelings, emotional eating and BMI. Panel A female and panel B male.
Difficulty identifying feelings was associated with high BMI and high emotional eating
in females, The model indicates that emotional eating may partially mediate the
relationship between difficulty identifying feelings and BMI in females but not in males
("p <.05; “p<.01).
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Figure 5-4 Mediation analysis model for the relationship between difficulty
identifying feelings, uncontrolled eating and BMI. Panel A female and panel B male.
Difficulty identifying feelings was associated with high BMI and high uncontrolled
eating in females. The model indicates that uncontrolled eating mediates the

relationship between difficulty identifying feelings and BMI in females but not in males
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Figure 5-5 Mediation analysis model for the relationship between difficulty
identifying feeling, emotional eating and BMI. Panel A in TT genotype group and
panel B in AA+AT genotype group. Difficulty identifying feeling was associated with
high BMI in the AA+AT genotype group. Emotional eating did not mediate the
relationship between difficulty identifying feeling and BMI in either genotype group
("p <.05; “p<.01).
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Figure 5-6 Mediation analysis model for the relationship between difficulty
identifying feeling, Uncontrolled eating and BMI. Panel A in TT genotype group and
panel B in AA+AT genotype group. Difficulty identifying feeling was associated with
high BMI in the AA+AT genotype group. Uncontrolled eating did not mediate the

relationship between difficulty identifying feeling and BMI in either genotype group

*p <.05; "p < .01).
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5.5 Discussion

The aim of this study was to explore the association of alexithymia with eating
behaviours and BMI and to examine the influence of age, sex and FTO genotype on
these relationships. Results of TFEQ-R18, TAS-20 and rs9939609 FTO polymorphism
were used to study 83 individuals with overweight and obesity prior to participating in
weight loss interventions. The data were analysed and the population split by sex (59 F
and 24 M), FTO genotype (55 AA+AT 66% and 28 TT 33%) and according to alexithymia
score (42 non alexithymic and 41 alexithymic). The TAS-20 uses cutoff scoring: equal
to or less than 51 = non-alexithymia, equal to or greater than 61 = alexithymia. Scores
of 52 to 60 = possible alexithymia. Because the number of participant in this chapter is
small, the participants were split into two groups alexithymic and non alexithymic to
avoid doing the analysis with too small number and it will not be possible get accurate
results. The proportions of AA+AT and TT genotype group similar to that in chapter 3
and 4. However when the group by sex and then by genotype the number were too
small, especially, the proportion for TT genotype group in male population was too
small and the group are not representative to general population. Regression analysis
was used to examine the effect of all of these factors on BMI and to identify which one
has the strongest effect. Mediation analysis was used to investigate possible

mechanisms underlying the association between some of the relationships observed.

The key finding of this study is a significant relationship between alexithymia and
eating behaviours; and difficulty identifying feelings subscale was associated with high

BMI. The main findings are as follows:
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5.5.1 TAS-20 subscales

The result of mean scores of BMI, eating behaviours and TAS-20 reported in (Table 5.1).
The result of this study showed that mean scores TAS-20 observed in the study group
were consistent with values previously reported (Noli et al. 2010, Pinaquy et al. 2003).

- Influence of sex on alexithymia

There was no difference between mean scores for alexithymia subscales when the
group was split by sex (table 5.1). In agreement with this, Larsen et al (2006) did not
observe significant sex differences on total TAS-20 scores and on the factor difficulty
describing feelings and found men only scored significantly higher than women did on
externally oriented thinking (Larsen et al. 2006). However, large-scale studies in
general population samples have found that men score significantly higher than do
women on the total TAS-20 scale and on the factors assessing difficulty describing
feelings and externally oriented thinking (Taylor et al. 2003). In addition, in 2007,
Moriguchi et al. reported that the investigation of the effect of sex on alexithymia
revealed a significantly higher difficulty identifying feeling in females and external
oriented thinking in males, these findings mean that females are not as good at
identifying inner emotions as males, and males tend to be more externally-oriented in
their thinking, there was no sex difference in difficult describing feelings scores, these
sex differences on these two factors resulted in no sex difference in the total scores

(Moriguchi et al. 2007).

189



- Influence of FTO genotype on TAS-20 subscales.

When the group was analysed by FTO genotype (Table 5.2) there was no difference in
alexithymia subscales. So far, no previous study has looked at the effect of FTO

genotype on alexithymia.

- Influence of alexithymia on eating behaviour
When the group was split according to total alexithymia score, approximately half of
the participants were classified as alexithymic according to TAS-20 cut of 61 or more.
The alexithymic people were younger than non alexithymic people, these people are
attending the centre because of obesity so this implies that people with alexithymia
may experience obesity earlier, as it may be that alexithymia leads to changing eating
behaviour as the results show that alexithymic people have higher scores in emotional
eating and uncontrolled eating and BMI than non alexithymic people. However, the
effect is not significant after to Bonferroni correction as p value needs to be < 0.005 to
consider as statistically significant. These results are in line with another study
conducted in 2010 by Noli, et al., who reported that, in people with obesity with
alexithymic traits, all TFEQ scores were higher than that of their non-alexithymic
counterparts, and this could suggest a relationship between alexithymia and the
presence of disordered eating (Noli et al. 2010). The high score of emotional eating
and uncontrolled eating in people with alexithymia may be associated with high BMI
and the risk of getting obesity. Previous studies showed that alexithymia has been

linked to obesity (Karukivi et al. 2016, Pinna et al. 2014).
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5.5.2 Interactions between age and alexithymia

Regarding the relationship between age and alexithymia, the results of this study
showed that age has a significant inverse relationship with difficulty identifying feelings,
difficulty describing feeling and total alexithymia score, which means there is a decline
in alexithymia as people get older. These results are in agreement with another study
by Moriguchi et al. who reported that the total score of the TAS-20 is negatively
correlated with age and showed that the TAS-20 total scores, difficulties in identifying
and describing feelings scores were high in teenagers, decreased with age until the age
of about 30 and then remained relatively unchanged (Moriguchi et al. 2007).
Heterogeneous data have been obtained from earlier studies; one study (Bagby et al.
1994b) showed a low correlation between alexithymia and age (r=-0.13, p < 0.01),
while other studies did not show a significant correlation (Bressi et al. 1996, Pandey et

al. 1996).

- Influence of sex and FTO genotype on the interaction between age and

alexithymia

The results also showed no sex effect on the relationship between age and alexithymia,
but there is a genotype effect since there were significant inverse relationships
between age and alexithymia only in people with AA+AT genotype group, FTO
genotype may influence the relationships between alexthymia and other variables, but
not have a direct effect on alexithymia scores as the results showed no different in

alexithymia between different genotype groups.

When the female and male groups were split by genotype into two groups (TT and

AA+AT) (figure 5.1) and relationships between age and alexithymia were examined,
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the result showed that, in females, alexithymia declined with age in the TT genotype
group only with no change in AA+AT genotype group, while in the male group
alexithymia decreased with age in the TT group and increased in the AA+AT genotype
group. This may mean that the AA+AT genotype is associated with low alexithymia in
males only and the TT genotype associated with low alexithymia in both sexes.
However, to confirm the effect of FTO genotype on the interaction between age and

alexithymia the study needs to be conducted on a larger group.

5.5.3 Interaction between BMI and alexithymia

There was a positive relationship between BMI and difficulty identifying feeling in the
overall sample. These findings were in line with another study that showed BMI was
significantly and positively associated with TAS-20 scores in the adult population
(Ramzi et al. 2018) which may mean that people with alexithymia have a risk of higher
BMI and developing obesity due to difficulties in identifying their feelings. The findings
suggest that treatment of obesity requires more attention, not just to the eating
behaviours that people with obesity people have, but also their emotional and
psychological state.. Taking this into account before any intervention will help to

improve the effectiveness of weight loss strategies.

- Influence of sex and FTO genotype on the interaction between BMI and

alexithymia

When the participants were split by sex, the results showed that there are positive
relationships between BMI and difficulty identifying feeling and total alexithymia score

in females only indicating that alexithymia is associated with high BMI in females.
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When the sample was split by FTO genotype a significant relationship between BMI
and difficult identifying feeling in AA+AT genotype group was found, which means that

alexithymia is associated with high BMI in this genotype group.

FTO genotype is associated with increasing BMI and obesity (Frayling et al. 2007) .
Variants of FTO affect dopamine-dependent midbrain brain responses and learning
from negative outcomes in humans during a reward learning task. Furthermore, FTO
variants modulate the connectivity in a basic reward circuit of meso-striato-prefrontal
regions, suggesting a mechanism by which genetic vulnerability in reward processing
can increase predisposition to obesity. Previous studies found that the DRD2/ANKK1
TaglA polymorphism associated with alexithymia, Walter et al/ (2011) found that
carriers of at least one DRD2/ANKK1 A1 allele showed the highest scores in the total

Toronto Alexithymia Scale and in the subscale "Difficulties Identifying Feelings (Walter

et al. 2011). Heni et al (2016) reported an interaction between variations in FTO and

the DRD2/ANKK1 polymorphism which associates with dopamine (D2) receptor density.
In cases of reduced D2 receptor availability, as indicated by the DRD2/ANKK1
polymorphism, FTO variation was associated with increased body fat and waist
circumference and reduced peripheral insulin sensitivity. Similarly, altered central
insulin sensitivity was observed in the caudate nucleus in individuals with the FTO
obesity-risk allele and diminished D2 receptors (Heni et al. 2016). FTO and
DRD2/ANKK1 TaqlA polymorphism may have a role in driving gene x environment
interactions promoting obesity, metabolic dysfunction, and cognitive change by their
influence on DA receptor subtype 2 (DRD2) signalling (Sun et al. 2017). In addition,
there is an association between the COMT Val108/158Met gene polymorphism, which

influences dopamine levels and alexithymia (Ham et al. 2005). Therefore, we
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hypothesise that the FTO polymorphism is interacting with alexithymia via dopamine

to influence BMI.

When the female and male groups were split separately by genotype into two groups
(TT and AA+AT) (Figure 5.2) and the relationship between BMI and alexithymia was
explored, the results showed that in females there was a relationship between total
alexithymia score and BMI in AA+AT genotype groups, while in males it was correlated
with low BMI in the TT genotype group and not related to BMI in the other group. In
females, difficulty describing feelings associates with low BMI in the TT genotype group
and high BMI in the AA+AT genotype group. In males difficulty identifying feelings
associates with BMI in TT genotype group. In females, difficulty identifying feelings was
related to high BMI in both genotype groups, while in males it was associated with
high BMI in the AA+AT genotype group and low BMI in the other group. In females
external orientation was related to low BMI in the TT group only, while in males it was
associated with low BMI in AA+AT genotype groups and high BMI in the TT genotype
group. However it is not possible to determine causality from these data. The number
of participants in this chapter is too small and splitting them by sex and then by
genotype, as we did in the previous chapter did not give good results and it is not

appropriate, and this analysis needs to be conducted with large group number.

5.5.4 Interactions between uncontrolled eating and alexithymia

Considering the relationships between the eating behaviours and alexithymia, the
results showed that there were positive relationships between uncontrolled eating and
difficulty identifying feeling and total alexithymia score. To our knowledge no studies

have previously showed any correlation between uncontrolled eating and alexithymia.
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- Influence of sex and FTO genotype on the interactions between uncontrolled

eating and alexithymia

When the group was split by sex, the results showed that females have stronger
relationships between difficulty identifying feelings and total alexithymia and
uncontrolled eating. When the group was split by genotype, there was a strong
association between uncontrolled eating and external orientated thinking and total

alexithymia score in people in the TT genotype group only.

5.5.5 Interaction between emotional eating and alexithymia

The results of this study showed that there were positive relationships between
emotional eating and total alexithymia and alexithymia subscales. High BMI in people
with alexithymia may be due to changes in their eating behaviours. These results were
in agreement with other studies that showed that total alexithymia and all alexithymia
subscales were positively associated with emotional eating (Pike 2013) and this
corroborates the findings of previous research in clinical populations (Larsen et al.
2006, Pinaquy et al. 2003). Pinquay et al. suggested that alexithymia was only related
to emotional eating in eating disordered populations, with their results showing a
relationship between emotional eating and alexithymia only in participants with BED

(Pinaquy et al. 2003).

It has been argued that alexithymia is related to the psychological characteristics of
eating disorders rather than to eating behaviour itself (Cochrane et al. 1993, Taylor et
al. 1999). However, Pike, (2013) shows that the alexithymia/emotional eating
association is also applicable to non-eating disordered populations (Pike 2013).

Furthermore, Pike (2013) also found that the component of alexithymia that was most
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strongly associated with emotional eating was difficulty identifying feelings which were
also found by Larsen et al. and Pinaquy et al. (Larsen et al. 2006, Pinaquy et al. 2003).
Pike (2013) reported that finding the same relationship between the alexithymia, its
components and emotional eating in a normal sample as clinical samples, points to
difficulty identifying feelings as a possible underlying component of emotional eating.
This finding is theoretically consistent with psychosomatic theory which emphasises
the concept of interoceptive awareness. Difficulty with identifying feelings could lead
to confusion between internal feelings of hunger and emotions with individuals

misattributing emotions as hunger (Pike 2013).

- Influence of sex and FTO genotype on the Interaction between emotional

eating and alexithymia

When the group was split by sex the results showed that females have stronger
relationships between difficulty identifying feelings and total alexithymia and
emotional eating compared to males. However, the relationships between emotional
eating and difficulty identifying feelings, difficulty describing feelings and total
alexithymia score were also stronger in people with AA+AT genotype than the TT

genotype group.

In agreement with this, a previous study has found a relationship between
interoceptive awareness and emotional eating among females (Van Strien et al. 2005).
In addition, difficulty in identifying feelings has been shown to be associated with
emotional eating among females with obesity with binge eating disorder, but not
among those without binge eating disorder (Pinaquy et al. 2003). However, Larsen et
al found sex differences in the relationship of alexithymia with emotional eating in

people with obesity with men showing stronger associations between alexithymic
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characteristics and emotional eating than did the women (Larsen et al. 2006). These
findings suggest that alexithymia may influence eating behaviours leading to raised
BMI, particularly in females. The results imply that interventions that address
difficulties in identifying feelings may help people to maintain a healthy weight or

assist in success on weight-loss programmes.

5.5.6 Interactions between cognitive restraint and alexithymia

The result showed that cognitive restraint was strongly associated with external
orientation in people with TT genotype group but not in the other group. So far, no
studies have examined the relationship between alexithymia and cognitive restraint

and looked at the genotype effect.

5.5.7 Regression and mediation analysis

To better understand the role of age, eating behaviors and alexithymia, regression
analysis was used to investigate the effect of TFEQ subscales, TAS-20 subscales and age
on BMI, to investigate how all of these factors interact together and with BMI and
which of these factors has the strongest effect on BMI (table 5.9). This shows that

difficulty identifying feelings and age have a significant influence on BMI.

Mediation analysis was used to investigate these relationships (Figures 5.3, 5.4, 5.5
and 5.6). Figure 5.3 and 5.4 compare the male group with the female group, figures 5.5
and 5.6 compare the TT genotype group with the AA+AT genotype group and models
the relationship between difficulty identifying feelings and BMI in these groups. This
type of analysis can be used when there is a significant relationship between two
variables, in this case difficulty identifying feelings and BMI as shown in table 5.9 If a

relationship is mediated by a third variable (in this case emotional eating ) this will be
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evident in the significant correlations shown between the third variable and the other

variables.

The mediation analysis in figures 5.3 and 5.4 for the female group shows a significant
correlation between difficulty identifying feelings and BMI, and between emotional
eating and uncontrolled eating and difficulty identifying feelings, demonstrating
mediation by these eating behaviours. In the case of the male group, the mediating
effect of emotional eating or uncontrolled eating is not present (as the correlations
between difficulty identifying feelings and emotional eating or uncontrolled eating are

not significant).

5.6 Strengths of the study
The strength of this study is the novel findings, as to our knowledge only a few studies
looked at the association between alexithymia and eating behaviours. However, these
were in clinical samples and this study is the first study to look at the effect of FTO
genotype (the first gene associated with obesity) on alexithymia and how it influences

the association between alexithymia and eating behaviour and BMI.

5.7 Limitations of the study

A limitation of this study is that it is not clinically designed; completion of the TAS-20 is
self-reported and people may choose answers which reflect feelings at that point in
time and how they wish things were rather than being honest. This effect may be
influenced by the variables we studied including sex and BMI, potentially having a
disproportionate effect on some aspects of the findings. Another limitation is that only
studied one polymorphism due to time and cost limitations. Genome-wide screening
of the samples may identify variants which are equally or more important in

influencing the relationships studied here.
198



5.8 Conclusion

In conclusion this study showed strong associations between alexithymia and eating
behaviours, and BMI and these relationships were influenced by sex and FTO genotype.
Particularly in females with the AA+AT risk genotype alexithymia leads to an increase
in uncontrolled eating and emotional eating and so may lead to higher BMI. Males
and/or people with the TT genotype may be less at risk of this influence of alexithymia
on BMI. Difficulty identifying feelings was associated with an increase in BMI, these
findings will help in the treatment of obesity by informing personal intervention
programmes for each person according to his or her situation and it should be

considered whether the TAS-20 should be used in routine practice.
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6 Chapter 6: General discussion and conclusions

6.1 General Discussion
The programme of research for the PhD was conducted with the aim of investigating
the interactions between obesity associated behaviours, BMI, age, sex and FTO
genotype. The participants for the cross-sectional study in chapter 3 were from
university students and staff with a range of age groups as well as a group of
participants about to start a community weight-management programme. Participants
for the cross-sectional study in chapter 4 were also university students and staff with
the addition of participants with obesity recruited from different obesity management

centres; finally, participants in chapter 5 were only from obesity management centres.

The main finding from this programme of research is there are strong interactions
between obesity-related behaviours and age, BMI, sex and FTO genotype. These

interactions influence body weight that may lead to obesity.

6.1.1 Eating behaviours and food craving

The study of the interactions between age, BMI, eating behaviours and food cravings
as discussed in Chapter 3, revealed statistically significant associations between these
factors. High cognitive restraint was associated with low cravings for fatty foods, sweet
foods and fast foods, high uncontrolled eating was correlated with high cravings for
carbohydrates, and high emotional eating was associated with lower cravings for fatty
foods and fast foods. The association between high cognitive restraint and low food
craving is possibly because the people who exhibit higher restraint are trying to control

their food intake by reducing the consumption of fatty and sweet food.
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Kahathuduwa et al. reported that decreased food cravings are associated with
increased fMRI-food cue reactivity in brain regions that regulate executive control over
ingestion (Kahathuduwa et al. 2018), and with cognitive reappraisal strategies, in
particular those focusing on the benefits of not eating unhealthy foods, could
potentially increase the ability of individuals with obesity to inhibit appetitive
motivation and reduce unhealthy food intake (Yokum and Stice 2013).

The present study found a positive relationship between cognitive restraint and BMI;
previous studies showed that eating behaviours and food craving were associated with
an increase in BMI and also showed that the relationship between cognitive restraint
and BMI was U shaped with some people with high cognitive restraint having a high
BMI and some people with high cognitive restraint having a low BMI. Westenhoefer et
al., (1999) further divided cognitive restraint into two subscales depending on its
relationships with both BMI and disinhibition or UE (Westenhoefer et al. 1999). The
subscales were flexible control, a more relaxed version of restraint associated with
both low UE and low BMI, and rigid control, a more severe restrictive state associated
with both high UE and high BMI (Westenhoefer et al. 1999). But it is not clear whether
cognitive restraint leads to increased BMI or high BMI make people want to lose
weight so they restrain more. The present study showed that high cognitive restraint
was associated with low food craving scores in the < 25 years group. Mediation
analysis demonstrated that in this group the association between BMI and reduced
food cravings was mediated by cognitive restraint indicating that in this age group
individuals are using cognitive restraint to control their food cravings. This may explain
why in the previous study Westenhoefer et al., (1999) people with high cognitive
restraint and high BMI tend to be people over 25 years and people with high cognitive

restraint and low BMI were <25 years.
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Banna et al (2018) reported that the association between cognitive restraint and high
BMI may be explained by the overeating that may result from dietary restraint, leading
to a cycle of weight gain and restriction and unsuccessful restraint that fosters storing
of excess energy. Those who are overweight or obese may also be more likely to be on
a diet and restricting intake for weight loss. In the current study, there may be other
factors that explain the positive correlation between restrained eating and BMI. For
example, the responses to the items on restrained eating may not be an accurate
reflection of behaviour if overweight and obese participants considered restrained
eating to be a socially acceptable means of controlling weight and responded
accordingly regardless of whether they were actually behaving in this manner (Banna

etal. 2018).

The study also showed that the FTO risk AA+AT genotypes were associated with high
BMI and age was associated with high BMI, low emotional eating and uncontrolled
eating and low food craving scores. This effect was stronger in women compared to
men. In this study regression analysis showed that age, emotional eating and fast food
cravings have a significant effect on BMI. The positive correlation between age and
BMI is unsurprising but the findings of this study clearly show that age, sex, FTO
genotype and BMI have an influence on eating behaviours and food cravings and that
these variables interact.

People with obesity find it difficult to control their food intake which may be due to

obesity related factors that are associated with increased in body weight.

A complete understanding of the association between BMI, food craving and eating

behaviours and how age, sex and FTO genotype influence these interactions may
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explain why these factors are associated with body weight and obesity as shown in
previous studies. This may help in developing a good weight loss strategy that makes
people aware about their eating habits and how they interact with other factors which

make them more likely to put on weight.

6.1.2 Eating behaviours and behaviour regulation

The aim of chapter 4 was to examine the association between of motivation to
exercise on eating behaviours. The study used the BREQ-2 questionnaire and was
conducted with 320 participants from the university and 183 volunteers with obesity
from obesity management centres. The analysis was conducted for the overall
population, by sex, FTO genotype, by age (<25 years vs > 25 years) and by BMI (<30

Kg/m? vs >30Kg/m?).

It is well established that regular exercise plays an important role in achieving a
number of health and wellbeing outcomes. However, certain post-exercise behaviours,
including the consumption of unhealthy high-calorie foods, can counteract some of the
benefits of physical activity. There are at least three overlapping pathways through
which exercise may increase the likelihood of consuming pleasurable but unhealthy
foods: through impulsive cognitive processes, reflective cognitive processes, and/or
physiological responses (Dimmok et al. 2015). Previous studies have shown that
controlled motivation to exercise was associated with increased food intake before or
after exercise (Fenzl et al. 2014, Dimmock et al. 2015). The association between
physical activity and motivation to exercise were showed in the previous study, people
with high motivation to exercise do the physical activity regularly, this study aimed to
examine the association between motivation to exercise and eating behaviours and

BMI.
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The present study showed significant differences in BREQ-2 subscales between people
with obesity and non-obese people; non-obese people were more motivated to
exercise than people with obesity with higher scores of internal regulation subscales
(identified regulation and intrinsic regulation). BMI was also positively associated with
high scores for internal regulation (identified regulation and intrinsic regulation) and
low scores for external regulation subscales. However, it is difficult to determine cause
and effect of that, maybe people with obesity lose motivation to exercise due to
physical restriction or other extrinsic reasons, or may be people with low motivation to
exercise don’t do exercise regularly and this make them put on more weight which

leads to obesity.

People with obesity who were included in this study were older than the equivalent
non-obese people which could be another explanation why people with obesity were
less motivated than non-obese people. The study showed that there is an inverse
relationship between motivation to exercise and age; because people lose their
motivation to exercise as they age due to the time constraints of having children and
getting jobs or may be loss of their ability to do physical activity, and this may happen
due to increases in their body weight or any other medical condition that they may

have.

This study examined the interaction between eating behaviours and motivation to
exercise and showed a significant association between uncontrolled eating and
introjected regulation, identified regulation and intrinsic regulation. This may be due
to compensatory beliefs, when people who do a lot of exercise they believe that they
will lose weight due to the exercise, and so reward themselves by eating additional

food, which leads to an overall increase in energy intake (Rabia et al. 2006).
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There was also a positive relationship between emotional eating and external
regulation; people with high scores for external regulation are motivated to exercise in
response to prompts from friends and family rather than being intrinsically motivated.
The data indicate that the relationship between emotional eating and motivation to
exercise may be associated with hedonic feeding behaviours and an increase in

emotional eating.

The study also found that age, sex, FTO genotype and BMI influenced these
interactions. However, only a few studies have investigated the interaction between
motivation to exercise and eating behaviours. Most of the previous studies focused on
the interactions between motivation to exercise and post-exercise food intake. Werle
et al.,, (2015) reported that participants who possessed controlled forms of motivation
for exercise consumed more unhealthy snacks than those possessing intrinsic
regulation (Werle et al. 2015). Influencing one's motivation for exercise through
framing a walk as ‘exercise’ rather than ‘fun’ a component of intrinsic motivation, and
the most autonomous form of motivation (Deci and Ryan 1985) has also been
associated with greater post-exercise food intake from hedonically pleasurable foods

(Werle et al. 2015).

The result of the regression analysis for this study showed that age, emotional eating,
external regulation, introjected regulation are associated with high BMI while
identified regulation associated with low BMI. Mediation analysis showed that
emotional eating may partially mediate the relationship between external regulation
and high BMI in the female group, but not in males, and also in people with obesity,
but not in non-obese people. These findings indicate that, particularly in women and in

people with obesity, if people are not intrinsically motivated to exercise, but instead
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are only externally motivated, they are more likely to engage in emotional eating,
which may lead to weight gain, although it is not possible to determine cause and

effect in these relationships.

The findings of this study highlight the importance of motivation to exercise and how it
is associated with eating behaviours and BMI. There are only a few studies that have
examined the association between motivation to exercise and eating behaviours and
BMI. Future study should focus on how people's motivation to exercise influences
other behaviours and any weight loss strategy should take this into account to

encourage people and support them to increase their motivation to exercise.

6.1.3 Eating behaviours and alexithymia

The study of the interactions between alexithymia and eating behaviours as described
in chapter 5 aimed to examine the relationships between alexithymia and eating
behaviours and BMI, and also to identify the influence of age, sex and FTO genotype on
any relationship. Alexithymia is defined as an inability to identify and describe
emotions in the self (Sifneos 1996). Previous studies showed that alexithymia was
associated with obesity (Clerici et al. 1992) eating disorders (Nowakowski et al. 2013b)

and eating behaviours (Noli et al. 2010).

The study presented in chapter 5 shows that people with alexithymia had higher
scores than people without alexithymia in BMI, emotional eating and uncontrolled
eating but the differences were not significant after Bonferroni correction. The study
also showed that age was associated with low alexithymia. This was supported by the

finding that, in the study group attending obesity interventions, the average age of
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people with alexithymia was younger (48.3110.9) years than the group of people

without alexithymia (55.3+15.3) years.

There were also significant positive associations between alexithymia scores and
uncontrolled eating and emotional eating. There were also significant positive
associations between difficulty identifying feelings and BMI. However, these
associations were only seen in females and people with the AA+AT genotype.
Regression analysis also showed that difficulty identifying feelings has a significant
effect on increased BMI, and emotional eating and uncontrolled eating may mediate
the relationship between difficulties identifying feelings and increasing BMI. These
findings suggest that alexithymia may influence eating behaviours leading to raised
BMI, particularly in females and people with AA+AT genotype group. A clear strength of
this study is to the authors’ knowledge we are the first to explore any such relationship

however there is no previous literature to support or disagree with the findings.

A possible contribution to the increasing rate of adult obesity is poor emotion
handling, which may negatively influence healthy behaviour and lifestyle. The results
imply that interventions that address difficulties in identifying feelings may help people
to maintain a healthy weight or assist in success on weight-loss programmes and the
TAS-20 should be used in routine practice. Previous findings also suggest that
consideration of alexithymia diagnosis may help in design of treatment strategies for
morbidly obese patients (Bull et al.1991) since alexithymic individuals have been
shown to have poorer nutritional intake and decreased immune functioning (Lumley et

al. 2008).

207



6.2 Limitations of the programme of study

This body of work as part of this PhD has some limitations which mean the results

need to be interpreted with caution;

There may be demographic differences between the age groups that were
chosen to split the population, younger group were mainly students. However,
many of the student participants were drawn from the same geographical area
as most of the older participants, so this effect may not be that strong.

Detailed data on socio-economic status, education, marriage status or ethnicity
was not collected, and these variables may influence the results which cannot
be ascertained.

The FTO genotype was chosen for examination as this has been reported to be
the most influential gene on BMI. However; we chose to only study one
polymorphism, due to time and cost limitations. Genome-wide screening of the
samples may identify variants which are equally or more important in
influencing the relationships studied here.

The use of self-reported questionnaires is a limitation because people may not
always be honest when answering, and the degree to which this is an issue may
vary with weight status. However the reliability and validity of all the
guestionnaires used has been established in in the literature which goes some
way to mitigate this effect.

We did not measure physical activity levels which will form a future line of
enquiry.

The study may not be sufficiently powered to observe all the effects studied to

a significant level, especially when the group is split into subgroups; the
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number in each group may not be enough to confirm the effects on the
variables or the relationships.

In addition when the groups were split by sex and then by genotype, the
number of participants may become too small to confirm the influence of sex
or genotype, especially in the smaller TT genotype group.

Regarding the study conducted in chapter 5, the number of participants is only
83, and when split them by sex or FTO genotype the number of participants in
each group was too small, therefore the results cannot confirm the association
or the difference between the groups, further studies should include a larger

number of participants.

6.3 Strengths of the programme of study

This body of work as part of this PhD has a number of strengths;

It was conducted on a reasonably large group of participants with a range of
age groups and different body weights. These are novel findings; only a few
studies have examined the association between alexithymia and eating
behaviours and BMI in non-clinical populations. This study is the first study to
look at the effect of FTO genotype on alexithymia and how it influences the
association between alexithymia and eating behaviour and BMI.

We are the first to look at the association of FTO genotype (The first gene
associated with obesity) on motivation to exercise and how it influences the

association between motivation to exercise and eating behaviour and BMI.
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6.4 Future research recommendations

Future studies should be conducted:

- To determine the interaction between other behaviours related to obesity, such as

food intake and exercise.

- To study more genes those are related to obesity including MC4R for example.
Investigating a wider range of target genes would potentially reveal more information

about the influence of genetics on the variables studied in future studies.

- Gather data on socio-economic status, education, marriage status or ethnicity which

could also have an influence and may further influence the mediation analysis.

- Food frequency questionnaires and DEXA analysis could be incorporated into the
study protocols along with measuring the physical activity levels; by using other
guestionnaires or the more robust way of monitoring physical activity by using

objective devices such as ACTihearts.

- Itis also recommended that future studies need to be conducted on larger groups to
confirm the influence of genetics on the associations and variables studied here, in
particular looking at other genes that may be associated with BMI according to GWAS

studies.

- It is also recommended to study the association between alexithymia and eating
behaviour on a larger group. Since depression has been separately associated with
obesity and with alexithymia (Dehaan et al. 2012, Honkalampi et al. 2004) future
studies will be needed to investigate TAS-20 score in subjects with and without
depression, and specifically how this interacts with BMI status and weight change. In
addition, the observation of changed individual TAS-20 score (previously considered to
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reflect a stable personality trait) over the test period, raises the possibility of designing
specific strategies to improve emotion-handling capacity, for inclusion in interventions

for obesity or to promote healthy regulation of eating behaviours.

- Future studies regarding the association between changes in BMI/weight and
emotion-processing are needed, for the direction of causality to be fully determined.
To date, there has been no information in the literature exploring the phenotypic and
genetic profile of alexithymia and BMI simultaneously over the life course in general
populations. Mendelian randomisation and other causal studies could be conducted to
determine the directions of causality between alexithymia, depression and obesity.
The development of obesity in some cases may be associated with undiagnosed
alexithymia. Deficits in emotion-processing should, therefore, be considered in the

design of weight-management programmes.

6.5 Conclusion
In this thesis, important interactions between obesity related behaviours, age, sex, FTO
genotype and BMI were found. Identifying these interactions may help in utilising
dietary and behavioural interventions to counteract unhealthy eating behaviours along
with other lifestyle interventions such as promoting physical activity and healthy living
in general. The aim would be that the effect of these interactions on common obesity
may be minimised, reversed or hopefully even prevented someday in the future. This
paradigm should motivate researchers and health care professionals to continue act to

meet the challenges posed by the global epidemic of obesity in the years to come.
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8 APPENDICES

8.1 Appendix 1: Three factor eating questionnaire

Three Factor Eating Questionnaire (TFEQ)

Please answer the following questions by circling the response.
1. | deliberately take small helpings as a means of controlling my weight.
definitely true mostly true mostly false definitely false

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

definitely true mostly true mostly false definitely false
3. 1 do not eat some foods because they make me fat.

definitely true mostly true mostly false definitely false
4. How frequently do you avoid 'stocking up' on tempting foods?

almost never seldom usually almost always

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

unlikely slightly likely moderately likely very likely
6. On a scale of 1 to 8, where 1 means no restraint in eating (eating whatever you want,

whenever you want it) and 8 means total restraint (constantly limiting food intake and never
'giving in'), what number would you give yourself?

Eat whatever | want, whenever | want it
1

2

7
8

Constantly limiting food intake, never 'giving in'
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7. When | smell a sizzling steak or a juicy piece of meat, | find it very difficult to keep from
eating, even if | have just finished a meal.

definitely true mostly true mostly false definitely false
8. Sometimes when | start eating, | just can't seem to stop.
definitely true mostly true mostly false definitely false
9. Being with someone who is eating often makes me hungry enough to eat also.
definitely true mostly true mostly false definitely false
10. When | see a real delicacy, | often get so hungry that | have to eat right away.
definitely true mostly true mostly false definitely false
11. I get so hungry that my stomach often seems like a bottomless pit.
definitely true mostly true mostly false definitely false
12. 1 am always hungry, so it is hard for me to stop eating before | finish the food on my plate.
definitely true mostly true mostly false definitely false
13. I am always hungry enough to eat at any time.
definitely true mostly true mostly false definitely false
14. How often do you feel hungry?
only at mealtimes sometimes between meals
often between meals almost always

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

never rarely sometimes at least once a week
16. When | feel anxious, | find myself eating.

definitely true mostly true mostly false definitely false
17. When | feel blue, | often overeat.

definitely true mostly true mostly false definitely false

18. When | feel lonely, | console myself by eating.

definitely true mostly true mostly false definitely false
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8.2 Appendix 2: Food Craving Inventory

FOOD CRAVING INVENTORY (FCl)

Name: Date:

Food craving is defined as an intense desire to consume a particular food (or food
type) that is difficult to resist.

For each of the foods listed below (Items 1-28), please circle the appropriate letter
using the following scale.

Over the past month, how often have you experienced a craving for the food?
A = Never

B = Rarely (once or twice)

C = Sometimes

D = Often

E = Always/almost every day

List of foods Never Rarely Sometimes Often Almost everyday
Cakes A B C D E
Pizza A B C D E

Fried Chicken A B C D E
Sausages A B C D E
French Fries/Chips A B C D E
Rice A B C D E
Sausage Rolls A B C D E
Gravy A B C D E
Hamburger/Beefburger A B C D E
Biscuits A B C D E
Ice Cream A B C D E
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List of foods Never

Everyday
Pasta

Fried Fish
Cookies
Chocolate

Pancakes/Waffles

Bread Rolls/Bagels/Baps A

Doughnuts
Sweets
Brownies/Muffins
Bacon

Steak

Danish pastry
Baked Potatoes
Sponge Cake
Cereals

Sandwich Bread

Crisps

A

A

A

A

A

A

A

Rarely
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8.3 Appendix 3 : Behaviour Regulations Exercise questionnaire BREQ2

EXERCISE REGULATIONS QUESTIONNAIRE (BREQ-2)

Age: years

WHY DO YOU ENGAGE IN EXERCISE?

We are interested in the reasons underlying peoples’ decisions to engage, or not engage in
physical exercise. Using the scale below, please indicate to what extent each of the following

Sex: male female (please circle)

items is true for you. Please note that there are no right or wrong answers and no trick

questions. We simply want to know how you personally feel about exercise. Please CIRCLE

your response.

A 0B~ W N

10
11

12
13

14

15
16

17
18

19

20

| exercise because other people

say | should

| feel guilty when | don’t exercise

I value the benefits of exercise

| exercise because it’s fun

| don’t see why | should have to exercise
| take part in exercise because my
friends/family/partner say | should

| feel ashamed when | miss an

exercise session

It’s important to me to exercise regularly
| can’t see why | should bother exercising

| enjoy my exercise sessions

| exercise because others will not be
pleased with me if | don’t

| don’t see the point in exercising

| feel like a failure when | haven’t
exercised in a while

| think it is important to make the effort to
exercise regularly

| find exercise a pleasurable activity

| feel under pressure from my friends/family
to exercise

| get restless if | don’t exercise regularly

| get pleasure and satisfaction from
participating in exercise

| think exercising is a waste of time

| don't exercise because of the pain
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8.4 Appendix 4: Toronto Alexithymia Scale TAS 20

TAS 20 Toronto Alexithymia Scale

Please indicate to what extent each of the following statements is true for you. Please note
there are no right or wrong answers or trick questions. We simply want to know how hard or
easy it is for you to identify your feelings. Please CIRCLE your response.

1. |am often confused about what emotion | am feeling.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

2. ltis difficult for me to find the right words for my feelings.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree......Moderately Agree......Strongly
Agree

3. | have physical sensations that even doctors don’t understand.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree......Moderately Agree......Strongly
Agree

4. lam able to describe my feelings easily.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree......Moderately Agree......Strongly
Agree

5. | prefer to analyse problems rather than just describe them.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

6. When | am upset, | don’t know if | am sad, frightened or angry.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

7. | am often puzzled by sensations in my body.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

8. | prefer to just let things happen rather than to understand why they turned out that way.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree......Moderately Agree......Strongly
Agree

9. | have feelings that | can’t quite identify.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

10. Being in touch with emotions is essential.
Strongly Disagree......Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

11. I find it hard to describe how | feel about people.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree......Moderately Agree
...... Strongly Agree
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12. People tell me to describe my feelings more.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

13. I don’t know what is going on inside me.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

14. | often don’t know why | am angry.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

15. | prefer talking to people about their daily activities rather than their feelings.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

16. | prefer to watch ‘light’ entertainment shows, rather than psychological dramas.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree......Moderately Agree......Strongly
Agree

17. Itis difficult for me to reveal my innermost feelings, even to close friends.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

18. | can feel close to someone, even in moments of silence.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

19. | find examination of my feelings useful in solving personal problems.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree

20. Looking for hidden meanings in movies or plays distracts from their enjoyment.
Strongly Disagree.....Moderately Disagree......Neither Disagree or Agree.....Moderately Agree......Strongly
Agree
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8.5 Appendix 5: Consent form 1

[

Faculty of Health and Wellbeing Research Ethics Committee

Sheffield Hallam University

Biomedical Research Centre Ethics Review Group

INFORMED CONSENT FORM

TITLE OF PROJECT: Relationship between eating behaviours and food cravings; influence
of FTO genotype

Please read the questions below and circle your answer. If you do not understand any
of the questions, please ask the researcher.

Have you read and understood the Participant Information Sheet? YES/NO
Have you had an opportunity to ask questions and discuss this YES/NO
study?

Have you received satisfactory answers to all of your questions? YES/NO
Have you received enough information about the study? YES/NO
To whom have you SPOKEN? .........ccccciiiiiiiieeeee e, YES/NO

Do you understand that you are free to withdraw from the study?

at any time
without having to give a reason for withdrawing
Do you agree to the secure storage of your anonymised data? YES/NO

Do you agree to provide blood samples and a DNA sample; these will | YES/NO
also be stored securely?

Do you agree to take part in this study? YES/NO
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8.6 Appendix 6: Participant information sheet 1

Faculty of Health and Wellbeing Research Ethics Committee

Biomedical Research Centre Review Group

Participant Information Sheet

Project Title Relationship between eating behaviours and food cravings;
influence of FTO genotype

Supervisor/Director of Studies Dr. Caroline Dalton

Principal Investigator Hanan Abdella, Hameida Elfaressi.

Principal Investigator 0114 225 3695

telephone/mobile number

Purpose of Study and Brief Description of Procedures

You are being invited to take part in a research study. Before you decide if you wish to take part it is
important for you to understand why the research is being undertaken and what it will involve for you.
Please take time to read the following information carefully. The investigators will go through this
information sheet with you and answer any questions you have. Please ask if there is anything that is not
clear or if you would like more information. Take your time to decide if you would like to take part.

Procedures

Read participant information sheet

Consider study, ask questions

Complete and sign consent form

Height and weight measurements

o Completion of eating behaviours and food cravings questionnaires

e Collection of a cheek cell sample. The process to take the cheek cell sample is entirely painless; it
is very similar to gently brushing the inside of your cheek with a toothbrush. You would carry out
this process yourself with help from our researcher (if required).

21. Benefits of the study
The study will provide important information regarding eating behaviours and food cravings and the

influence of genetics on these effects. The study is anonymised, so we will not be able to give you any
individual feedback on your results, but we will be happy to discuss the overall findings of the study with
you.
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What will happen to the results at the end of the study?

The results will be published as academic reports in scientific journals. There will be no identifying
information published. We will also write a summary report of anything we discover which we will send to
any of the people who participated in the study who want to see it. This will not contain any identifying
information.

Will my taking part in this study be kept confidential?

Yes, no one will know you have taken part in the study except the members of the research team. Your
consent form will be placed by you in a sealed envelope separate from the questionnaires and the DNA
sample. You will be allocated a participant number, and this will not be linked to your consent form
therefore the data we collect from you will be completely anonymous and cannot be traced back to you.

What will happen to my DNA sample?

Your DNA sample will be stored in our laboratories which have restricted access. The samples will be coded
with a participant number which cannot be traced back to you. We will only use the sample to study genes
involved in the topics covered by this ethics application and we will not allow access to your dna sample by
any third party.

Has this study got ethical approval?

Yes, this study was approved by the local Ethics Committee. This means that experts who are not involved
in the study have carefully considered the aims and methods of the study and agreed that they meet their
guidelines. You can find out more about their work on their website

www.sth-research.group.shef.ac.uk/research/index.html

Right to Withdraw

Remember that you always have the right to withdraw from the study at any time.

It has been made clear to me that, should | feel that these Regulations are being infringed or that my interests
are otherwise being ignored, neglected or denied, | should inform Dr Nikki Jordan-Mahy, Chair of the Faculty of
Health and Wellbeing Research Ethics Committee (Tel: 0114 225 3120) who will undertake to investigate my
complaint.

258



http://www.sth-research.group.shef.ac.uk/research/index.html

8.7 Appendix 7: Consent form 2

Sheffield
Hallam
University

INFORMED CONSENT FORM

TITLE OF PROJECT: Study to investigate the factors influencing body weight plan IRAS number:

208879

Please read the questions below and circle your answer. If you do not understand any of the

questions, please ask the researcher.

Have you read and understood the Participant Information Sheet? (version 3 YES/NO
January 2017)

Have you had an opportunity to ask questions and discuss this study? YES/NO
Have you received satisfactory answers to all of your questions? YES/NO
Have you received enough information about the study? YES/NO
To whom have you spoken? .......cccccceveivveveiicicciiecce e, YES/NO
Do you understand that you are free to withdraw from the study?

at any time

without having to give a reason for withdrawing

Do you agree to the secure storage of your anonymised data? YES/NO
Do you agree to provide blood samples and a DNA sample; these will also be stored | YES/NO
securely?

Do you agree that your samples and data can be used in future studies? YES/NO
Do you agree that medical notes and data collected during the study can be looked YES/NO

at by individuals from regulatory authorities or sponsors, where it is relevant to you
taking part in the research?
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Do you agree to take part in this study? YES/NO

Original to be filed in the Investigator site file, 1 copy for patient, 1 copy to be kept in the
patient's medical records at RIO.
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8.8 Appendix 8: Participant information sheet 2

Participant information Sheet version 3 Jan 2017

Project Title Study to investigate factors influencing the body a weight IRAS
number: 208879

Principal Investigator Dr Caroline Dalton
Biomolecular Sciences Research Centre

Sheffield Hallam University

Principal Investigator 0114 225 3695/c.f.dalton@shu.ac.uk

telephone/email

Purpose of Study and Brief Description of Procedures

You are being invited to take part in a research study. Before you decide if you wish to take part it is
important for you to understand why the research is being undertaken and what it will involve for you.
Please take time to read the following information carefully. One of our team is available to go through this
information sheet with you and answer any questions you have. Please ask if there is anything that is not
clear or if you would like more information. Take your time to decide if you would like to take part.

The project aims to establish whether it is possible to identify the biological and psychological factors that
are associated with success on a weight management plan.

We think that there are differences in how people respond when they try to manage their weight. These
individual differences may be due to genetic or hormonal variability, or they may be due to psychological
differences. If we can identify factors that are associated with increase in body .we may be able to design
better programmes to also help those people who find weight management more difficult.

If you choose to participate in this study, you will be asked to fill in some questionnaires about your
attitudes to food and exercise and your feelings.

We also want to test your hormones and analyse your DNA, to do this we will need to take a DNA swab
from your mouth.

Procedures:
Meeting 1 (after your 1% appointment at RIO, 30 minutes)

e Read participant information sheet

e Consider study, ask questions

e Complete and sign consent form

e Fill in questionnaires

e Give a DNA sample by swabbing your mouth (this is painless and similar to using a toothbrush)

Meeting 2: (2 hours, at RIO, a few days after meeting 1, or during the following week)

e Collection of blood sample. For the blood prick sample, you need to carry out a 12 hour overnight fast. A
blood prick sample will be collected in the morning when you first arrive using a finger prick device
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(similar to that used by diabetics to test their insulin levels), this will be analysed for hormones.

e Test breakfast and questionnaires. Once you have given the blood sample you will be asked to fill in a
guestionnaire about how hungry you feel, then you will be given a breakfast of cornflakes, milk and
orange juice. If you are allergic to any of these items, we can offer an alternative e.g. rice krispies/soya
milk. You will be asked to record how hungry you feel at time points during the next 1 hour and 45
minutes. During this time, you need to stay at RIO but are free to read or use your phone. At the end of
this time the test will finish, and you can leave.

e You will be given £5 at the end of this session to cover your transport costs.

Possible risks and discomforts:
The blood prick sample procedure is mildly uncomfortable, no other risks or discomforts are anticipated.

Benefits of the study:

The study will provide important information regarding whether It is possible to identify what factors
predict success for people on a weight management programme. However, you will not be told your
individual results.

What will happen to my DNA and blood sample?

Your DNA and blood samples will be stored in our laboratories which have restricted access. The samples
will be coded with a participant number which cannot be traced back to you. We will not allow access to
your samples by any third party.

What will happen to my samples and data at the end of the study?

We would like to store your samples and data so at the end of the study so that we can use them in similar
research projects. If you would prefer that we did not do this, you can indicate this on the consent form and
we will destroy your samples and remove your data from the database at the end of the study.

What will happen to the results at the end of the study?

The results will be published as academic reports in scientific journals. There will be no identifying
information published. We will also write a summary report of anything we discover which we will send to
any of the people who participated in the study who want to see it. This will not contain any identifying
information. The report will be available in mid-2018. If you would like to have a copy of the report, please
contact RIO nearer the time on 01709 720193.

Will my taking part in this study be kept confidential?

Yes, no one will know you have taken part in the study except the members of the research team. Your
consent form will be placed by you in a sealed envelope separate from the questionnaires, the blood
samples and the DNA sample. You will be allocated a participant number, and this will not be linked to your
consent form therefore the data we collect from you will be completely anonymous and cannot be traced
back to you.

Has this study got ethical approval?

Yes, this study was approved by the local Ethics Committee. This means that experts who are not involved
in the study have carefully considered the aims and methods of the study and agreed that they meet their
guidelines.
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Right to Withdraw:

Remember that you always have the right to withdraw from the study at any time.

If you feel that these Regulations are being infringed or that your interests are otherwise being ignored,
neglected or denied, you should inform Dr Nikki Jordan-Mahy, Chair of the Faculty of Health and Wellbeing
Research Ethics Committee art Sheffield Hallam University (Tel: 0114 225 3120 email n.jordan-
mahy@shu.ac.uk) who will undertake to investigate your complaint.
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8.9 Appendix9

Table8-1 outputs from the mediation analysis model between BMI, cognitive restraint
and sweet craving for <25 Years

Consequent

M(COGNITIVE RESTRAINT )

Y(SWEET CRAVING )

Antecedent Coeff. | SE P Coeff. SE P
X(BMI) g | -1521 .0588 .0102 c' -.0361 1511 8112
M(FCOGNITIVE RESTRAINT ) b -.7010 .1608 .0000
C2(SEX) f1 | -3662 4549 4217 gl |-25390 11560 | .0290
C3(FTO GENOTYPE) f2 | 3438 4828 4771 g2 | .9289 1.2264 | .4495
Constant i119.8993 |1.4919 .0000 i2 31.4370 4.1072 .0000
R2=.0301 R2=.0894

F(2.57)=12.812 P=.0545

F(6.087)=82.507,P<.001
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Run MATRIX procedure:

Frkxkxkxkxkxkxkx PROCESS Procedure for SPSS Version 3.1

Ak khkhk kA Ak kA kA kk kA kk Kk k%K

Written by Andrew F. Hayes,
Documentation available in Hayes

Ph.D.
(2018) .

www.afhayes.com

www.guilford.com/p/hayes3

R I b e I b e S b S b I S b I S b I S b I S b I S e I b e S b e I b e S b S b S IR B S R S b S b b b S b b S 2 b S b S 4

* kK K
Model H
Y : sweet
X ¢ bmi
M . Cr
Covariates:
sex fto
Sample
Size: 253

R R i S b e dh i a2 I S b I A SR B S S S R S S R S S R S B R S S R S I R S b R S b S S IR B S R i S R S S R S S R S I SR S S R S 2 e 4

* Kk Kk Kk

OUTCOME VARIABLE:
Cr

Model Summary

R R-sg
b
.1734 .0301
249.0000 .0545
Model
coeff
ULCI
constant 9.8993
12.8377
bmi .1521
2.5885 .0102
sex -.3662
1.2622 .5299
fto .3438
1.29%9406

MSE

12.8116

se

1.4919

.0588

.0364

.4549

.4828

F

2.5744

6.6352

.2678
-.8049

L7121

dfl df2
3.0000
p LLCI
.0000 6.9609
L4217 -
L4771 -.6070

khkhkhkhkhhkhkhkhhhhkkhkhhkhhkhhkhkhhkh bk hhkhkhhhkhkhhkhkhhhkhkhhkhkhkhkhkhkhhkhkhrhkhkhkhkhkhhrhkhhhhkkhdhkhkkxk*k

* kK k

OUTCOME VARIABLE:
sweet

Model Summary

R R-sq
p

.2990 .0894
248.0000 .0001
Model

coeff

ULCI
constant 31.4370
39.5265
bmi -.0361
.3337 .2615

MSE

82.5070

se

4.1072

.1511

6.0873

7.6541

-.2391
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dfil df2
4.0000
P LLCI
.0000 23.3475
.8112 -



cr -.7010 .1608 -4.3587

.3842
sex -2.5390 1.1560 -2.1964
L2622
fto .9289 1.2264 .7575
3.3444

FRx AKX A KKK KKKk xxkkx DTRECT AND INDIRECT EFFECTS
Kk K ok k kK ok kK kK ok ok ok ok ok

Direct effect of X on Y
Effect se t P
-.03061 .1511 -.2391 .8112

Indirect effect(s) of X on Y:
Effect BootSE BootLLCI BootULCI
cr -.1066 .0536 -.2297 -.0226

.0000

.0290

.4495

OF X ON Y

LLCI
-.3337

khkkhkhkkkhkhkkhkkhkhkkhkhkkkhkhAkkkhhkkhkk% ANALYSIS NOTES AND ERRORS

khkkhkhkkhkkhkhkkhkkhkhkkhkhkhkk Ak kA rAkkkhkhkkk

-1.0177

-4.8158

-1.4865

ULCT
.2615

Level of confidence for all confidence intervals in output:

95.0000

Number of bootstrap samples for percentile bootstrap confidence

intervals:
10000
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