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Abstract

Obesity is now described as a pandemic (Hu, 2013) and a strong association has
been identified between sugar consumption and excessive weight gain (e.g. Te
Morenga, Mallard & Mann, 2013). Yet difficulty in establishing the factors driving this
relationship leaves a dearth of research investigating causal mechanisms behind this
global crisis (Lean, Astrup & Roberts, 2018). Food choice has been linked with
cognitive processes involved in decision making (Peters, 2009), which in turn, has
been linked with affect, i.e. mood and emotion (Lerner, Li, Valdesolo & Kassam,
2015). The aim of this thesis was therefore to explore the way in which both state and
trait affect influence impulsive, sweet food decision making across three studies. As
hypothesised and supported by affective regulation theory (Gross, 1998), results
showed that as laboratory-induced mood (i.e. state affect) moved from positive to
negative, the likelihood of choosing a chocolate reward over a non-food/neutral
reward increased. This finding was conclusively evident when controlling for other
factors such as chocolate craving in Study 2, ultimately highlighting the complex
influence of affect on sweet food choice. Following this initial choice in Studies 1 and
2, subsequent hypotheses concerning impulse and self-control were not wholly
supported as participants in both mood conditions were more likely to make impulsive
decisions than exercise self-control. While affective regulation theory also explained
those in negative moods making impulsive choices, an integrative framework was put
forward to explain those in positive moods displaying the same behaviour (Andrade,
2005). In Studies 2 and 3 a willingness-to-pay (WTP) task was included to explore the
relationship between state and trait affect and economic decisions concerning
chocolate and high-sugar foods. While laboratory-induced mood did not predict WTP
prices in Study 2, decreasing positive affectivity (i.e. trait affect) was found to
significantly predict higher WTP prices for chocolate and high-sugar items, as
hypothesised in Study 3. Reduced positive affectivity has been linked with symptoms
of depression (Watson, Clark & Carey, 1988) which, in turn, is associated with an
increase in desire for chocolate and sweet foods (Lester & Bernard, 1991). These
results therefore provided robust evidence that higher spending for sweet items is
connected to the absence of positive affectivity rather than presence of negative
affectivity. Finally, increasing chocolate craving was found to significantly predict
choices and increasing WTP prices for chocolate items in Studies 2 and 3. The
potential parallel between chocolate and substances more commonly associated with
addiction is discussed, together with the broad, practical implications of all findings in
the context of sweet food choice and obesity.
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1. Sweet preference: A review

Why do we choose sugar?
1.1 Introduction

As obesity levels increase in both children and adults (Dattilo et al., 2012; Ng et al.,
2014; Wang & Lobstein, 2006), health-related problems directly resulting from
excessive weight gain are becoming more prevalent (Malik, Willet & Hu, 2013; Must &
Strauss, 1999; Must et al., 1999). The rise in negative social and economic
consequences that also stem from this global problem has led to the call for effective
treatments and preventive strategies to directly address obesity (Malik et al., 2013;
Roberts, Christiansen & Halford, 2019). Environmental factors such as a marked
increase in energy intake coupled with a corresponding decrease in energy
expenditure have been emphasised as societal changes in developed countries
which are contributing to these growing problems (Koplan & Dietz, 1999; Malik et al.,
2013). As well as environmental determinants, behavioural factors such as over-
consumption have also been highlighted as being problematic in this context (Reaves
et al, 2019). Notably, recent focus and strong arguments have concluded that the
increase of energy intake through excessive sugar consumption plays a key role in
the development and continuation of obesity (e.g. Bray & Popkin, 2014; Ludwig,
Peterson & Gortmaker, 2001; Malik et al., 2013; Te Morenga et al., 2013). This
broadening of understanding has been utilised within interventions designed to
reduce energy intake in specific areas such as sugar consumption, albeit with only
moderate success (e.g. James, Thomas, Cavan & Kerr, 2004). It is therefore

proposed that the understanding of why such food choices are made, on the



individual as well as the societal level, is what will ultimately pave the way in
successful treatment design. Given the recent growth in concern surrounding the link
between high sugar consumption and both child and adult obesity (e.g. Bray &
Popkin, 2014; Ludwig et al., 2001; Malik et al., 2013; Te Morenga et al., 2013),
deeper understanding of what drives consumption of this particular food is more

prudent than ever.

Various disciplines including psychology, biology, and sensory and consumer
food sciences have attempted to explain the mechanisms behind human food choice,
both in general, and in terms of sweet food choice specifically (Késter, 2009). Despite
fundamentally different approaches, the common theme of ‘preference’ has arisen
from the literature as being central across such diverse disciplines in understanding
food choice. For example, the observation from a sensory perspective that children
show a heightened sweet preference compared to adults (Drewnowski, 1989); from a
biological perspective that genetic differences in certain taste receptor genes affect
preferences for sweet tastes (Mennella, Pepino & Reed, 2005); and from a
psychological perspective that food choices and eating behaviours are intrinsically
linked with cognitive processes concerned with judgment and decision making (JDM;
Peters, 2009). These cognitive processes, in turn, are intrinsically linked with the
construction of preference (Peters, 2009 Slovic, 1995). It has been observed,
however, that research within specific disciplines remains limited as a result of missed
opportunities to incorporate and expand upon insight gathered through alternative
disciplinary approaches (Kdster, 2009). This observation highlights an opportunity to

draw together the common thread of preference which runs through the



aforementioned disciplines, ultimately broadening the understanding of sweet food

choice.

‘Preference’ describes the selection or choice of one item over another (Birch,
1999). While a hedonic or ‘liking’ element is synonymous with this term (Birch, 1999),
and also influences food selection (Drewnowski, 1997), for the purpose of this review
the term ‘preference’ refers to this choice. For example, one might state a liking for
both broccoli and chocolate. However, when presented with such a choice, it is
preference which ultimately dictates whether to choose the broccoli or the chocolate
(Peters, 2009). The outwardly straightforward behaviours of eating (and drinking) are
governed by many complex, interacting factors (Koster, 2009). These interactions
often create conflict when making food choices, and thus understanding the many
different strands which lead to preference is a prudent place to start in understanding
this aspect of human behaviour (Peters, 2009). Further to this is understanding the
way in which preference leads to sweet food choice as a maladaptive behaviour, and
in turn, the influence this construct has in the development and continuation of
obesity. The aim of the current review chapter is therefore to delineate sweet
preference and measures thereof from the perspectives of two broad fields under
which several subtopics naturally fall: physiology (encompassing evolution, biology,
sensory research, and genetics); and psychology (encompassing cognition, judgment
and decision making, affect!, and emotion). The identification of ‘missing links’ and

potential oversights from each area will ultimately lead to an increased understanding

1 Throughout this thesis, the term ‘affect’ (and derivatives thereof) broadly refer to constructs
concerning feelings, emotions and mood, as defined by Lerner et al. (2015).



of eating behaviours, and specifically sweet food preference, by answering the

question: ‘Why do we choose sugar?’

While every effort has been made to keep each field as distinct as possible,
there are instances where overlaps occur. These overlaps have been discussed in
accordance to relevance within each field. It should also be noted that in much of the
reviewed literature, other preferences are discussed simultaneously with sweet
preference and how these interrelate (e.g. Birch, 1999; Drewnowski, 1997). For the
purpose of this review, however, the main findings relate purely to sweet preference,

within both child and adult populations.

The next two sections of this literature review cover, respectively, physiology
and psychology. They are followed by a third section which concentrates on the
psychology subtopics of judgment and decision making (JDM) and affect, and their
influence on preference, which are particularly relevant to the studies that are

described in subsequent chapters of this thesis.

1.2 Physiology and sweet preference

It is well established that the preference for sweet tastes is innate, or unlearned
(Drewnowski, 1997), due to the early formation of specialised taste cells during the 7t
and 8™ weeks of gestation (Ventura & Mennella, 2011). This has been demonstrated
in studies involving infants born prematurely who display changes in autonomic
activity such as the sucking reflex when presented with sweet tastes (Desor, Maller &
Turner, 1973). It has also been shown that full term new-born infants can differentiate
between water and sugar solutions and clearly show a preference by consuming a

greater volume of sugar solutions compared to water (Desor et al., 1973). In addition
4



to ingestion measures, the emotions or affect associated with sweet tastes have also
been studied in new-born infants. For example, through positive facial reactions, e.g.
smiling, as an indicative measure of preference (Steiner, Glaser, Hawilo & Berridge,
2001); and the analgesic and calming properties of a sweet taste to mediate pain e.g.
during infant circumcision (Blass & Hoffmeyer, 1991) or immunization injections
(Ramenghi et al., 2002). This innate or unlearned predisposition for sweet preference
has also shown to be heightened in young children compared to adults, indicating that
sensory systems develop and mature throughout childhood (Mennella et al., 2005).
For example, De Graaf and Zandstra (1999) used sucrose concentrations in water
and orangeade to assess discriminatory ability and sugar pleasantness in children (9-
10 years), adolescents (14-16 years) and adults (20-25 years). The results confirmed
the declination of sweet preference over the increasing age groups with children
preferring higher sucrose concentrations than adolescents, and adolescents

preferring higher sucrose concentrations than adults (De Graaf & Zandstra, 1999).

An explanation of this developmental difference in age groups has been
explained from an evolutionary perspective: a heightened sweet preference during
infancy guides children towards energy-dense foods to ensure optimal growth and
survival (Drewnowski, 1989; Mennella et al., 2005). However, there are other factors
interrelating with the development of sensory systems which also shape children’s
developing food preferences during the early years (Birch, 1999). For example,
environmental factors affect children’s predispositions for sweet preference through
experience (Birch, 1999). This was demonstrated by Beauchamp and Moran (1982)
in a study involving new-borns, all of whom were reported as preferring sweet

solutions compared to plain water. Based on maternal dietary reports spanning the



first six months of life, those infants who had been consistently fed with sweetened
water showed a greater preference upon re-testing than those who had not
(Beauchamp & Moran, 1982). This demonstrates a shift dependent on familial,
environmental experience from the unlearned to the learned, and also supports such
findings which conclude that children’s taste preferences are guided by familiarity as
well as sweetness (e.g. Beauchamp & Moran, 1982). A further study repeatedly
exposed older children (aged four to five years) to the novel foods of sweetened,
salted or plain tofu (Sullivan & Birch, 1990). Children were assigned to one of the
three food types for repeated exposure. However, preference was measured for all
foods before, during and after the nine-week experimental period. Each child tasted a
sample of the foods from individual cups, and indicated their preference by placing
the cup in front of one of three faces - a smiling face to indicate ‘like’; a neutral face to
indicate ‘just okay’; or the final face (expression not specified) to indicate ‘dislike’. The
results showed that preference for the assigned, repeated exposure food groups
increased over the experimental period, confirming that the familiarity of the initially
novel food had, through exposure (or experience), become more preferred (Sullivan &
Birch, 1990). Experiential learning during childhood perhaps compensates for the
declination of biological sweet preference over the life span, driving adults to still seek
out energy dense foods. The fact that such adaptive mechanisms are no longer
necessary in today’s society where energy dense foods are readily available can go
some way to explaining excessive sugar consumption from this perspective (Birch,

1999).

Further to environmental factors which affect children’s food preferences and

extend into adulthood are the influence of genetic variations in taste receptor genes



(Birch, 1999; Drewnowski, Henderson & Barratt-Fornell, 2001; Mennella et al., 2005).
While a heightened sweet preference in childhood can be explained from an
evolutionary perspective (e.g. Drewnowski, 1989; Mennella et al., 2005), the
identification of genetic variations can account for individual differences which also
influence food preference (Birch, 1999; Mennella et al., 2005). The TAS2R38 taste
gene has been identified as a bitter taste receptor, allowing humans to taste bitter
compounds such as phenylthiocarbamide (PTC) and propylthiouracil (PROP; Kim et
al., 2003). The presence of allelic differences within this gene determines the specific
genotype of an individual, and such differences have been shown to alter the strength
of the ability to identify bitter tastes, as well as affecting preferences for sweet-tasting
foods (Mennella et al., 2005). For example, within TAS2R38, although there are three
allelic variant sites which indicate bitter sensitivity, the first of these (A49P) reliably
predicts a change in the amino acid alanine (A) to proline (P) at position 49. The
presence of either two of the same alleles (homozygous, i.e. AA or PP) or two
different alleles (heterozygous, i.e. AP) then indicates the strength of ability in bitter
taste perception. Thus, individuals can be grouped according to this allelic difference
as either AA (homozygous for bitter insensitive, i.e. not bitter sensitive/non-taster); AP
(heterozygous for bitter insensitive, i.e. bitter sensitive/medium-taster); or PP
(homozygous for bitter sensitive, i.e. bitter sensitive/super-taster; Mennella et al.,

2005).

Phenotypic behaviours are the physical expressions or observable
characteristics of an individual which result from the interaction of a given genotype
with the environment (Birch, 1999). Phenotypic differences between adult and child

sensitivity to PROP have been identified in that more children are sensitive to the



lowest concentration of PROP presented in a forced-choice procedure compared to
their mothers (Mennella et al., 2005). This can again be explained from an
evolutionary perspective given that bitter tastes are often associated with toxins, and
this heightened sensitivity therefore serves to protect children from ingesting poisons
before they have learnt to identify such foods (Mennella et al., 2005). In terms of
sensitivity to bitter tastes affecting sweet food preferences, Mennella et al. (2005)
found that AP and PP children preferred significantly higher concentrations of sucrose
solutions in a forced-choice procedure, compared to AA children; and also that they
were more likely to include fizzy drinks and cereals higher in sugar when asked which
beverage/cereal they most preferred. Thus, phenotypic differences as observable

characteristics are influenced by the children’s genotype (Mennella et al., 2005).

Given that children of today face the probability of widespread obesity and
other related diseases, the implications of such interactions have the potential to
assist in overcoming related health problems by informing future health interventions
(Mennella et al., 2005). However, conflicting results in similar studies involving both
adults and children have highlighted the need for further investigation in this area. For
example, Looy and Weingarten (1992) found that compared to PROP non-tasters,
both adult and child PROP tasters were more likely to be sweet non-likers; and a
study based on children’s daily food intake reports identified no relationship between
PROP status and sweet food intake (O’Brien, Feeney, Scannell, Markey & Gibney,
2013). Given these discrepancies, Keller et al. (2014) incorporated observable
behaviour in a controlled laboratory test meal for young children aged 4 to 6 years in
order to resolve such inconsistencies. Food offered to the children included sweet

snacks (e.g. gummy candies), sweet-fat snacks (e.g. chocolate chip cookies) and



savoury-fat snacks (e.g. chicken nuggets). As hypothesised, those children who were
phenotypically PROP tasters consumed significantly more sweet snacks than those
children who were phenotypically PROP non-tasters. However, the TAS2R38
genotype did not significantly impact the consumption of any of the snack food groups
(Keller et al., 2014). While the reason for this was not postulated, the apparent
inconsistencies between genotypic and phenotypic markers perhaps highlights
important subtleties involved in the role of such sensory measures. For example,
rather than relying solely on genetic variability, the way in which environmental and
experiential factors react with genetic predispositions have been proposed as being
equally important when accounting for food preferences (Birch, 1999). Further to this
is the observation that sensory research remains restricted due to limited
methodological progress and repetition within the field (Kdster, 2009). The application
of psychological insight has been suggested in order to expand understanding of the
complexities associated with food choice in general (Koster, 2009). In terms of the
link between excessive sugar consumption and obesity (e.g. Bray & Popkin, 2014;
Ludwig et al., 2001; Malik et al., 2013), it is posited that this application would also
assist in understanding psychological factors influencing the specific area of

maladaptive sweet food choice.

1.3 Psychology and sweet preference

The central focus of psychology as a discipline is the study of human behaviour
(Koster, 2009). Given that eating and drinking remain fundamental to human
existence and are therefore one of the most necessary as well as frequent behaviours

(Sobal & Bisogni, 2009), relatively little research has been collected in this area from



a psychological point of view (Késter, 2009). Much more research has been carried
out in the context of sensory analysis, i.e. responses to the sensory properties of food
and drinks (e.g. Mennella et al., 2005), which has mainly incorporated psychological
ideas from areas such as psychophysics - the relationship between physical stimuli
and the sensations they produce. Such psychophysical ideas are predominantly
based on the theory that human behaviour is under conscious, rational control
(Koster, 2009). When compared to the much larger volume of sensory research, the
‘gap’ or lack of investiga