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Thesis abstract
The concept of “food addiction” generates a considerable amount of interest and
debate in both the media and the scientific arenas. Numerous behavioural and
neurobiological parallels have been identified between specific eating behaviours and
substance dependence, such as drug and alcohol addiction. However, the majority of
supporting evidence for the phenomenon is derived from animal models, with limited
and inconsistent findings in humans.
This thesis aimed to explore the construct of food addiction in the young Australian
adult population in relation to dietary intake profiles and activation of brain reward
networks to visual food cues. To investigate this aim, this thesis presents a series of
four related studies, which were informed by two systematic reviews.
Two systematic reviews of the literature were conducted to evaluate current evidence
with respect to (i) neural responses to visual food cues, as assessed by functional
magnetic resonance imaging (fMRI), and (ii) studies that have used the Yale Food
Addiction Scale (YFAS), a tool specifically designed to evaluate addictive-like eating
behaviours in adults. The first of these reviews identified that obese individuals
displayed increased reward-related neural activation to visual food cues compared to
individuals of a normal body weight. This review also highlighted that standardisation
of study conditions and outcome reporting is imperative in studies of this nature, in
order to facilitate more direct comparisons across studies.
The second review found the weighted mean prevalence of food addiction to be 19.9%
across published studies using the YFAS to 2014, and that food addiction prevalence
was higher in population samples of females, overweight/obese individuals and
individuals with clinically diagnosed disordered eating. This review identified a
number of key gaps in the YFAS evidence base, including the paucity of studies
investigating specific foods and neural correlates associated with YFAS assessed food
addiction, as well as community-based studies evaluating the food addiction construct
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at multiple time points. The limitations identified in these reviews were addressed in
the subsequent thesis studies.
An online cross-sectional survey was conducted to explore the foods associated with
YFAS assessed food addiction in young adults. The survey included demographics,
anthropometrics, YFAS and the Australian Eating Survey (AES), a validated dietary
intake assessment tool. A total of 462 predominantly female, normal weight
participants completed the survey, with 14.7% (n= 68) classified as food addicted.
Higher YFAS symptom scores were associated with having a higher percentage energy
intake (%E) from energy-dense, nutrient-poor foods, including confectionary, takeaway foods and baked sweet products such as cakes and pastries. Higher symptom
scores were also associated with a lower %E from nutrient-dense core foods, including
whole-grain products and breakfast cereals. This was the first study to characterise the
foods associated with YFAS assessed food addiction, and requires replication in a
nationally representative population sample.
A validation study was conducted to evaluate the accuracy of online self-reported
anthropometrics in young adults, given that weight and body mass index (BMI) could
be associated with food addiction. In order to conduct online food addiction surveys,
this was important to establish. Young adults reported their current height and weight
as part of an online survey, and had the same data objectively measured. Measured
and self-reported data were strongly positively correlated and had fairly good
agreement. Self-reported height was overestimated, while self-reported weight and
calculated BMI were underestimated. However, these discrepancies were small (<1%)
and changed the BMI classification of three participants only (2.6%). Online selfreported height and weight can be a valid method of collecting anthropometric data.
Further research is needed in the context of intervention studies.
A longitudinal study was conducted to determine the stability of YFAS scores in a
community-based population of young adults. Sixty-nine participants who completed
the original cross-sectional food addiction survey, also completed a shortened version
of the survey 18-months later. YFAS diagnosis was found to have moderate agreement
between the two time points, while symptom scores had good agreement. Intraclass
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correlation coefficients were interpreted as moderate for both the diagnosis and
symptom scores. The YFAS scoring outputs were relatively stable over time in a
community based population sample of young adults, and the YFAS was considered a
suitable tool to track food addiction over time.
A pilot study was conducted to explore the potential differences in neural activation
patterns in response to visual food cues, according to YFAS food addiction diagnosis.
An evidence-informed fMRI methodology, based on the review in Chapter 2, was
developed. The paradigm included a structural scan and task-related fMRI acquisition
while viewing images of energy-dense foods, as well as fruit and vegetables. The
methodology was piloted using six food addicted and six not food addicted young
females, as per the YFAS food addiction diagnosis. Significant differences in neural
activation were identified based on food addiction status in areas associated with
encoding the reward value of foods, decision making, memory and visual processing.
However, when analysed by group, associations with neural activation in these areas
were only significant in the not food addicted group. As anticipated, it is likely that the
pilot study lacked adequate power to detect any further differences in reward-related
activity between the groups. The methodology was shown to be feasible and should be
applied to a larger, more representative population sample, to increase statistical
power to detect a difference between groups in future studies.
This body of work has built capacity between dietetics, imaging and psychology, and
has a number of implications for future research and clinical practice. For clinicians, the
YFAS may be considered for use as a screening tool to identify individuals displaying
addictive-like eating behaviours, who may require additional support and the
involvement of a multidisciplinary team (e.g. dietitians and psychologists) to optimise
treatment outcomes. For research, this thesis has the potential to inform the
development and testing of new behavioural treatment approaches to specifically
target addictive-like eating behaviours. This may include the incorporation of
addiction therapy principles into existing models of nutrition counselling and weight
loss advice. Importantly, this body of work provides a foundation on which future
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studies can be developed. This includes the replication of the studies using larger,
more population representative samples.
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Chapter 1

Introduction

1.1 Overview
The concept of “food addiction” generates a considerable amount of interest and
debate in both the media and the scientific arenas (1-3). Food addiction has been
accepted by a proportion of the general population and media for some time (4),
holding intuitive clinical and scientific appeal by providing a potential explanation for
some individuals’ struggle with weight management and control over eating habits.
However, there is currently no universal definition or clinical diagnosis for food
addiction. In recent years, an increasing number of scientific studies have sought to
investigate whether an addictive process could underlie some forms of overeating (5,
6). Numerous behavioural and neurobiological parallels have been identified between
specific eating behaviours and substance dependence, such as drug and alcohol
addiction (7, 8). However, much of the supporting evidence for this phenomenon is
derived from animal models, with limited and inconsistent findings in humans (9).
Despite the paucity of human evidence, the findings from preclinical studies and
ongoing interest from the general public emphasise that the construct of food addiction
warrants further investigation.
This thesis comprises a sequence of related studies that set out to investigate the
construct of food addiction in the young Australian adult population. This body of
work endeavours to assist in developing a better understanding of the behavioural
indicators, associated foods and neural processes involved in addictive-like eating.
While “food addiction” is not considered a diagnostic clinical disorder, the term is
used in the remainder of this thesis as a construct to describe addictive-like eating
behaviours. This Chapter will provide a brief background of several relevant domains
to the food addiction construct, including obesity, the food environment and the
control of eating, as well as substance and behavioural addictions. Following this, an
overview regarding current research in the area of food addiction will be provided, as
well as the limitations in existing literature in an effort to identify gaps in the evidence
base. Finally, this Chapter concludes with the research aims and a brief description of
the studies that make up this thesis.
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1.2 Obesity
1.2.1 Prevalence and classification of obesity
Obesity is a global public health concern, with 36.9% of males and 38.0% of females
classified as overweight or obese (10). Overweight and obesity are classified according
to body mass index (BMI), an index of an individual’s weight for height. Body mass
index is calculated using the equation: BMI = Weight (kg) / Height (m)2, and is
subsequently classified according to the following World Health Organization cut-offs
listed in Table 1-1 (11).
Table 1-1: World Health Organization BMI categories

BMI category

BMI (kg/m2)

Underweight

≤ 18.49

Normal weight

18.50-24.99

Overweight

25.00-29.99

Obese category I

30.00-34.99

Obese category II

35.00-39.99

Obese category III

≥ 40.00

In Australia in 2014-15, 35.5% of individuals over 18 years of age were classified as
overweight and 27.9% as obese (12). The prevalence of morbid obesity has seen the
greatest increases in prevalence both in Australia (13) and the United States (14), with a
four-fold increase in the number of individuals with a BMI > 40 kg/m2. While the
prevalence of overweight and obesity is higher in developed countries, the prevalence
of these conditions is increasing at a steeper trajectory in developing countries (10). It is
projected that 58% of the global population will be overweight or obese by the year
2030 (15).

1.2.2 Consequences of obesity
The health-related burden of obesity is considerable, with increased risk of developing
chronic health conditions such as cardiovascular disease (16), type 2 diabetes (17), and
some cancers (e.g. colorectal and breast) (18). Obesity is associated with increased
morbidity and all-cause mortality, with 4% of years of life lost, 4% of disability
adjusted life years and 3.4 million deaths worldwide attributable to the condition in
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2010 (19, 20). Overweight and obesity is also associated with psychosocial issues
including reduced quality of life (21, 22) and weight-related stigma (23, 24). The
financial burden of obesity to the Australian health care system is substantial, with the
total cost from both direct and indirect sources estimated at $57 billion (25). This
provides both health and economic incentive to better understand the development of
obesity, and to implement appropriate prevention and treatment interventions to
reduce its related burden.

1.2.3 Aetiology of obesity
The development of obesity is a multifactorial, dynamic process. Numerous physical,
psychological, social and environmental factors are well established to contribute to the
development and maintenance of obesity (26-28). Simplistically, weight gain occurs
when a surplus of energy is consumed from food and drinks in comparison to energy
expenditure, creating a positive energy balance (29). However, the regulation of energy
intake is a complex process involving the integration of internal inputs such as
genetics, neural and endocrine signals, as well as external inputs including the food
environment and social context (30, 31). These factors are described in detail in Sections
1.3 and 1.4. While such factors are well established to contribute to the aetiology of
obesity, the ongoing increases in overweight and obesity prevalence suggest that we
may have an incomplete understanding of the factors and mechanisms that culminate
in the condition. An addictive process underlying some forms of overeating has been
proposed to be an additional contributing factor to weight gain and subsequent obesity
in vulnerable individuals (32).

1.2.4 Implications of the food addiction construct for weight
loss approaches
Behavioural approaches focusing on diet and exercise are commonly adopted in the
treatment of obesity (33). However, behavioural interventions typically only result in
modest weight loss, and the long term success of these programs in maintaining
weight loss has been limited (34-39). Surgical approaches, including bariatric surgery,
are used for those with high BMI’s (> 35 kg/m2) who have failed to lose weight using
conventional approaches (40). These approaches have been shown to induce more
7

successful weight loss in the short term (41); however, overeating can remain a
problem for some individuals post-surgery (42), and this lost weight can be regained in
the longer term (43). The lack of success of existing weight loss methods provides a
rationale for considering new dimensions to the development of obesity as well as
exploring other treatment approaches. If an underlying addictive process is
contributing to overeating and subsequent weight gain in certain individuals, this may
explain some of the lack of success of current weight loss interventions, and has the
potential to inform more effective weight loss treatments.

1.3 Change in the food environment
Over the past century, the food environment has changed dramatically, paralleling the
rise in obesity rates (28). This has included the development of novel foods and food
processing techniques. The role of environmental factors in weight gain are well
documented in developed countries, with “obesogenic” environments promoting a
positive energy balance by encouraging food intake in the absence of hunger, while
concomitantly decreasing energy expenditure (44-47). Developing countries are now
seeing similar trends in their food environment and obesity rates (10, 28).
Industrialisation, mechanisation and developments in agricultural practices have
transformed the food milieu, leading to more efficient and cost effective food
production and processing. This has resulted in an increased availability of energydense, nutrient-poor, refined foods and ingredients that can be produced and
purchased inexpensively (48, 49).
Fast-food and packaged, convenience foods are now ubiquitous in the food
environment. The geographical proximity to outlets selling these types of foods can be
an influential factor in weight status, with the density of fast food restaurants shown to
predict obesity (50). Marketing of these types of foods on television, radio and in print
is pervasive, and may have the potential to affect food choices and consumption
patterns (51). The omnipresent nature of these processed, hyper-palatable foods may
have the potential to contribute to problematic eating behaviour and potential weight
gain in vulnerable individuals (52, 53).
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1.3.1 Change in dietary patterns
The aforementioned changes to the food environment have resulted in changes in
dietary intakes (28), with dietary intake patterns shifting towards higher energy
density diets globally (49, 54). Dietary energy intake has increased, with a 450 kcal/ day
increase in the availability of calories per capita worldwide from the 1960’s to the
1990’s (55), and 600 kcal/ day (15%) increase per capita from 1909 to 2010 in the United
States (US) (56). In Australia, total energy intake increased by approximately 350 kJ/
day (84 kcal/ day, 3-4%) between 1983 and 1995 (57). Food portion sizes have increased
in Australia and the US in parallel with increases in obesity prevalence, with most
convenience and fast foods exceeding recommended serving sizes (58-60). In addition,
average dietary intake of energy-dense, nutrient-poor foods, was 34.6% in Australian
adults in 2011-2013, three times the recommended daily amount (61).

1.4 Control of food intake
Food intake is influenced by a number of external factors including environmental
exposure (46), socioeconomic status (62, 63) and family habits (64, 65), which can affect
food preferences, appetite and dietary patterns. In addition to external inputs, a
number of genetic factors influence eating behaviour and intake by regulating a
complex network of peripheral and central mechanisms, including endocrine signals
and neurocircuitry (66, 67). Food intake is controlled by two complementary drives, the
homeostatic and hedonic pathways (68). The mechanisms for these pathways are
illustrated in Figure 1-1 and are described in the following sections.
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Neuropeptides
Neuropeptide Y (+)
Agouti-related peptide (+)

Mesolimbic circuits
Cortical structures
Cognitive and reward
control of eating

Hypothalamus
Homeostatic control of
eating, energy expenditure
and hormones

↑ Food intake

Appetite stimulating (+)
e.g. Ghrelin

Pancreas
Insulin (-)

↑ Food intake

↓ Food intake

Appetite inhibiting (-)
e.g. Leptin, Insulin

Body fat stores
Leptin (-)

Stomach
CCK (-)
PYY (-)

Food reward
Anticipation

Satiety signals
Adiposity signals
Interaction of
hormonal factors with
reward network

Intestine
Ghrelin (+)
Gastric stretch (-)
Nutrient absorption (-)

Homeostatic

Individual traits
Reward sensitivity

Genetic factors
OPRM1
Taq-A1 allele

Food cues
Sensory inputs: taste,
visual, olfactory, auditory

Environmental factors
Food availability
Food marketing

Hedonic

Eating for physiological need
Metabolic requirements

Eating in the absence of physiological need
Reward based eating

Figure 1-1: The major regulatory factors in the homeostatic and hedonic eating pathways.
(+) = appetite stimulating, (-) = appetite inhibiting, CCK= cholecystokinin, PYY= peptide YY, OPRM1= gene encoding opioid mu receptor, Taq1A=
polymorphism of the dopamine receptor type 2 gene. Neuroendocrine (e.g. gut peptides, neuropeptides) and physical factors interact with the
hypothalamus to regulate homeostatic eating for metabolic needs. Environmental factors, genetics and endocrine factors interact with the rewardrelated pathways of the brain to promote hedonic or reward based eating in the absence of physiological requirements.
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1.4.1 Homeostatic control of eating
The homeostatic pathway regulates energy balance by controlling appetite, hunger and
satiety to match energy consumption to energy expenditure in humans (69). It involves
a coordinated response of signals that regulate motivation to eat according to the
individual’s metabolic requirements. Thus, it works to ensure optimal nutritional
intake, weight and health status. While it is important to acknowledge the mechanisms
regulating homeostatic eating, these will not be described in detail as this thesis focuses
on the relevance of non-homeostatic eating, or hedonic eating, to the food addiction
construct. Briefly, the hypothalamus is the primary brain region involved in the
regulation of metabolism and energy intake according to physical needs (68).
Hormonal inputs have an important action on the hypothalamus to control energy
intake (Figure 1-1) (66). Leptin and ghrelin are the two major hormones regulating
eating behaviour and have opposing actions in energy homeostasis. Leptin works to
reduce hunger in the presence of adequate adipose tissue storage (70, 71), while ghrelin
stimulates appetite, gastrointestinal motility and gastric acid secretion in the
preparation for food intake (69, 71, 72). As depicted in Figure 1-1, there are many other
factors, such as gut peptides and neuropeptides, that control food intake. These
include, but are not limited to, factors that stimulate appetite and intake (e.g.
neuropeptide Y, agouti-related peptide) as well as inhibit appetite and intake (e.g.
post-meal gastrointestinal stretch, insulin, cholecystokinin, peptide YY) (73-76).

1.4.2 Hedonic control of eating
Non-homeostatic or hedonic eating relates to eating for pleasure in the absence of
physiological requirements. Sensory characteristics including sight, smell and taste
determine the palatability of a food. These sensory inputs are relayed to the primary
and secondary gustatory cortices, which process information related to the taste and
hedonic valuation of food (77). The gustatory centres project to the striatum and
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nucleus accumbens (NAc) (78). The areas of the brain involved in encoding the
palatability of food overlap with those regions involved in reward processing in
addiction (79).
Hedonic eating is primarily driven by the interaction between environmental factors
and reward-related brain regions, which are depicted in Figure 1-2. These areas of the
brain regulate the incentive value of food or stimuli that predict food rewards and
mediate behaviours associated with desirable or intrinsically positive stimuli (79). The
reward-related brain regions are proposed to play a role in addictive-like eating by
overriding homeostatic eating signals of satiety and increasing desire to eat palatable
foods (80). These brain regions are described in further detail in Section 1.5.2. Genetic
factors regulate the reward network and predispose an individual to reward-related
eating. This is outlined in further detail in Section 1.12. Interestingly, hormonal inputs
including leptin, ghrelin and insulin have been reported to interact with brain reward
systems (78). This may play a role in hedonic eating by acting on reward-related
centres in the brain, contributing to food consumption in the absence of hunger and
physiological need (81). Although it is important to acknowledge the roles of other
potential factors in the control of hedonic eating, the role of neural mechanisms in
reward-related eating will remain the focus of this thesis.
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Regulate food reward
and drive food
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Encode reward
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Motivational and incentive
properties of food

Figure 1-2 Areas of the brain that are activated in response to palatable food consumption or foodrelated cues.
Adapted from Kenny, 2011 (78).

1.5 Addiction
Addiction is a broad term used to encompass substance-use disorders and nonsubstance related disorders, also referred to as behavioural addictive disorders (82).
Addiction is a chronic, relapsing disorder that is characterised by the compulsion to
seek and take the substance, loss of control in limiting intake and emergence of a
withdrawal syndrome when access to the substance is prevented (83). While the term
“addiction” is typically associated with substance use such as illicit drugs and alcohol,
it has more recently been applied to rewarding behaviours that facilitate a similar
neurobiological and behavioural profile to substance-use disorders (82).
Addiction has been conceptualised as a three step cycle: (i) binge-intoxication,
characterised by the downregulation of reward pathways and an increased amount of
substance necessary to trigger reward; (ii) withdrawal-negative affect, characterised by
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motivated substance use to alleviate negative experiences and emotions; and (iii)
preoccupation-anticipation, characterised by an exaggerated motivation for drug use
and craving (83). The early stages of addiction are associated with impulsivity and
positive reinforcement, which moves to compulsivity and negative reinforcement with
repeated exposure to the rewarding stimuli (84). Chronic exposure to the rewarding
stimuli results in neuroplasticity in vulnerable individuals, culminating in addiction
(85). The overlapping brain regions and neural adaptations associated with addiction,
hedonic eating and obesity will be outlined in the following sections.

1.5.1 Neural mechanisms in addiction
A complex network of reward-related brain regions and neurotransmitters has been
implicated in the modulation of reward and addiction (86). Animal studies have
demonstrated that drugs of abuse (e.g. cocaine, alcohol, tobacco) exert their acute
rewarding effects by activating the mesolimbic dopamine (DA) system (83, 87, 88).
Endogenous opioids play a role in the hedonic aspects of the reward, as well as
modulating DA neuronal firing (89-91). The repeated stimulation of DA reward
pathways following chronic substance use triggers neurobiological adaptations in
other neurotransmitters and downstream circuits. These adaptations result in
increasing compulsivity and loss of control over substance use (86). Subsequent
neuroplastic adaptations in the glutamatergic and opioidergic circuits, as well as the
midbrain dopamine neurons, can enhance the brain’s reactivity to substance-related
cues, mediate craving and contribute to the persistence of addiction (92-94). The
changes in brain function and neurotransmitters related to chronic substance use can
impair self-control and sensitivity to stress, predisposing an individual to relapse (85).
Of the neurotransmitters involved in addiction, DA is the most thoroughly researched
and is thus the best characterised. In addition, at the commencement of this thesis, the
majority of human food addiction research had focused on the dopaminergic circuits of
the brain (95). Although there has been increasing interest in the role of other
14

neurobiological systems in addictive-like eating (95, 96), the dopamine brain networks
will remain the primary focus of this thesis and are thus discussed in detail in the
following sections.

1.5.2 Dopamine and dopamine receptors
DA is the primary neurotransmitter implicated in modulating both natural and drug
reward (97), and is released in response to unexpected or novel rewards, as well as
cues predicting the reward (85). The mesolimbic (ventral tegmental area [VTA]-NAc)
and mesocortical (VTA-cerebral cortex/frontal lobes) DA pathways play an important
role in processing reward (Figure 1-3). Neuroadaptations in these systems as a result of
chronic substance use can lead to lack of control over substance-seeking and a
predisposition to relapse (85).

Mesocortical pathway
Ventral tegmental area (VTA)Cortical/ frontal areas
Mesolimbic pathway
Ventral tegmental area (VTA)Nucleus accumbens (Nac)
Nigrostriatal pathway
Substantia nigra (SNc)Striatum

Figure 1-3: The dopaminergic pathways in the brain.
The mesolimbic [blue], mesocortical [green] and nigrostriatal [red] pathways are activated in
response to rewarding stimuli. Chronic exposure to the rewarding stimuli can lead to
neuroadaptations in these pathways and result in compulsive substance seeking. Adapted from
Arias-Carrion et al., 2010 (98).
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DA neurons in the VTA that project to the NAc are important in the processing of
reward-related stimuli (98). These brain areas are depicted in Figure 1-2. Reward is
initially signalled though a supraphysiological release of DA from the shell of the NAc
(87). The transmission of DA to the striatum modulates reward and motivation, and is
crucial for substances of abuse to reinforce behaviour (99). When DA increases are
sufficient, it can induce associative learning, or conditioning, between the substance
and substance-related cues (i.e. environmental or contextual stimuli associated with the
substance) (85). With repeated co-exposure, substance-related cues will trigger DA
increases in the NAc in anticipation or expectation of receiving the reward. It has been
proposed by Robinson and Berridge (100, 101) that substance-related neuroadaptations
can lead to “sensitisation” of the reward networks to substance-related stimuli. This
results in the excessive attribution of salience to the substance-related cues, increases
motivational behaviour and produces compulsive substance-seeking, which can persist
even after substance use is ceased (102). “Reward prediction errors”, which refer to
discrepancies between the expectation of reward and the feeling of the actual reward
itself, can also facilitate the long term learning of the reward value of environmental
stimuli (103, 104).
The transition to compulsive use of the substance is mediated by a transition from DA
activity in the ventral striatum (i.e. NAc) to the dorsal striatum (i.e. caudate, putamen),
which is associated with habit formation (83). DA type 2 receptors (D2), which
modulate reward, have been shown to be downregulated in the striatum in substance
addiction (105, 106). In addition, low levels of the D2 receptor in the striatum may
mediate the risk for compulsive drug taking in part by impairing prefrontal cortex
regions, leading to the propensity for inflexible and compulsive behaviours (85). This
hypo-functioning of the dopaminergic circuits has been termed by Blum as a “reward
deficiency syndrome” (107). Consequently, the stimuli or cues associated with the
substance (i.e. visual, auditory, olfactory) can elicit a heightened DA response in
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anticipation of the reward, while the DA response associated with actual substance use
is downregulated. This can lead to increased cravings for the substance and the need
for increased doses of the substance to produce the rewarding effect (108).

1.5.3 Relevance of dopamine to food and obesity
A growing body of scientific research is exploring the effect of natural rewards (i.e.
those that are required for survival) on the dopaminergic circuits (109). Emerging
evidence from both preclinical and clinical studies suggests that there are
neurobiological

similarities

between

substance

addiction

and

certain

eating

behaviours, particularly in the activation of the dopaminergic mesolimbic and
mesocortical pathways (109, 110). Food stimulates the DA network through both
palatability and post-ingestive increases in glucose and insulin, which increase DA. On
the other hand, drugs activate DA circuitry through their pharmacological effects (110).
Animal studies have shown that palatable food or ingredients (e.g. sugar) can
stimulate reward-related areas of the brain in a similar way to other drugs of abuse (8).
Conditioned food cues (i.e. sight, smell or talking about food) have been shown to elicit
a DA reward response in the anticipation of food reward in vulnerable individuals (97,
111, 112), in a similar way to traditional forms of addiction. In addition,
downregulation of the D2 receptors has been demonstrated in obese individuals, in a
comparable pattern to substance-dependent individuals (Figure 1-4) (79, 113-115).
However, the relationship between D2 and BMI has not been replicated consistently (9,
116). Although obesity is a complex condition with many possible mechanisms for its
development, as outlined in Section 1.2.3, it has been suggested that a subset of
susceptible individuals may display heightened reward-related sensitivity to food cues
and a dampened experience of reward during actual food consumption (108),
potentiating overeating to compensate for the diminished experience of reward during
food consumption (117). These similarities have sparked scientific interest in the
possible presence of an underlying addictive process in specific forms of obesity.
17

Similar downregulation of
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Normal dopamine
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Cocaine
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Figure 1-4 Positron emission tomography of the brain depicting similar hypofunctioning of the
dopamine networks in the brain in cocaine-addicted and obese individuals compared to nonaddicted, healthy weight individuals.
Adapted from McKay, 2014 (118).

The subsequent sections of this thesis will summarise the evidence regarding the
application of an addictive framework to some forms of overeating.

1.6 Food addiction
The majority of addiction-related research has focused on traditional drugs of abuse
such as tobacco, alcohol and illicit drugs (102). In recent years, there has been increased
focus on the effect of natural rewards and reinforcing behaviours, such as gambling,
sex and food, on human brain systems involved in addiction (82). It has been suggested
that addictive-like eating behaviours could contribute to overeating and subsequent
obesity in vulnerable individuals (110, 119-121). This may help to explain the lack of
long term efficacy of current nutrition and lifestyle programs, which focus on dietary
restriction and increasing exercise (34, 35). However, other authors argue that most
obese individuals do not display a convincing behavioural or neurobiological addictive
profile (3, 122, 123), as the majority of evidence for the food addiction construct is
derived from animal studies, with a limited number of studies providing supporting
evidence in humans (3, 124). In the following sections, animal and human models of
food addiction will be outlined.
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1.6.1 History of food addiction
Although the idea of food addiction has been popularised in recent years due to its
proposed links to obesity, the first references to addictive-like eating behaviours date
back to the 19th century, where the term “addiction” first appeared in reference to
chocolate, rather than well-recognised substances of abuse such as alcohol (Figure 1-5)
(6, 125, 126). The term “food addiction” entered scientific literature for the first time in
1956, with Theron Randolph reporting “… a common pattern of symptoms
descriptively similar to those of other addictive processes” in reference to regularly
consumed foods (127).

Food addiction
first appears in
scientific literature
1950's

1960's

Application of alcohol
treatments to obesity
and binge eating
1970's

1990's

1980's

Emergence of selfhelp groups for
addictive-like eating

Neuroimaging
studies of obesity
and binge eating
2000's

Self-identified
food addictions
e.g. “chocoholic”

Development of a
tool to assess
addictive-like eating
2010's

Studies of animal
models of addictivelike eating

Figure 1-5: Timeline depicting points of interest in food addiction research.

The idea of food addiction has been accepted by a proportion of the general public for
some time, as evidenced by the emergence of self-help groups such as Overeaters
Anonymous (128-130). This group emerged in the 1960’s based on principles similar to
that of Alcoholics Anonymous, and the membership of this program is now estimated
at 60,000 worldwide (131). In scientific research, the relationship between eating
behaviour and addiction has been alluded to for decades, with investigations
regarding the effect of alcohol treatments on obesity and binge eating behaviour in the
1980’s (132, 133), and appearance of terms synonymous with food addiction such as
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“chocoholic” (134-136) and “carb-craver”(137-139) in the 1990’s and early 2000’s. The
use of animal models (8, 140) and advancements in neuroimaging techniques (141, 142)
since the early 2000’s have provided new ways to investigate and understand the
neurocircuitry associated with eating behaviour, obesity and addiction. Published
research of food addiction has increased exponentially in recent years, as depicted in
Figure 1-6. This coincides the development of a standardised tool (5), the Yale Food
Addiction Scale (YFAS) (143), to assess the behavioural indicators of addictive-like
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Figure 1-6: Increase in the number of food addiction publications from 1956-2015.
Retrieved from Scopus using the search term “food addiction” (1).

1.7 Animal models of addictive-like eating
The strongest evidence for an addiction framework in certain eating behaviours is
currently derived from animal

models, which

utilise

specifically designed

experimental paradigms to induce addictive-like eating behaviours in rodents (8, 144).
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Examples of the supporting evidence for food addiction from preclinical models are
summarised in Table 1-2.
Table 1-2: Animal models of addictive eating with key supporting references.

Characteristics of
addiction

Evidence for food addiction from animal studies with key references

Tolerance

Rats exposed to palatable “cafeteria diet” display decreased brain reward functioning
and downregulation of dopamine receptors (D2) and escalation of intake compared to
exposure to normal chow (145)

Withdrawal

Following forced abstinence from palatable diets high in sugar, high fat diets, rodents
display symptoms characteristic of withdrawal (e.g. teeth chattering, anxiety, aggression,
head shaking) (8, 140, 145-147).
Rodents display reduced mobility in forced swim task, which is characteristic of
depression, following abstinence from chocolate flavoured, high sucrose solution diet.
Symptoms abolished when sucrose reintroduced (148).
Increased extracellular acetylcholine and decreased striatal dopamine in striatum, which
are characteristic of withdrawal, following abstinence from palatable diet (149).
Naloxone (opioid antagonist) induces withdrawal symptoms in rats bingeing on glucose
(140) and sucrose solution (8).

Using the substance in
larger amounts than
intended

Binge eating behaviour and inflexibility in food choices in rats with intermittent access to
palatable food compared to normal chow ad libitum (146, 148, 150-152)

Persistent desire or
unsuccessful attempts to
cut down intake

Rodents with poor control over food intake have an increased propensity for palatablefood induced relapse (153).
Enhanced response to sucrose following forced abstinence, which is characteristic of
craving (154).

Continued use despite
knowledge of harmful
effects

Rats tolerate higher levels of foot shocks to obtain palatable food (145, 155).
Continued consumption of palatable food despite food being laced with bitter substance
(150).
High risk taking behaviour by mice following high fat diet withdrawal (156).

Cross sensitisation of
sucrose with other
addictive substances

Cross-sensitisation between sucrose and other addictive substances such as
amphetamines (146), cocaine (157) and alcohol (158).

Identifying a potentially addictive component in food is problematic, as humans
consume combinations of whole foods rather than individual nutrients. However,
animal models have provided some insight into the potentially addictive agents in
food. Evidence from animal models suggests that sugar, in the form of sucrose or
glucose, is the most likely agent to facilitate an addictive-like response due to the
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activation of opioid receptors (159). Rodent studies have demonstrated that 25%
sucrose or 10% glucose diets can induce tolerance, withdrawal, cross-sensitisation and
neurochemical changes in a similar way to other recognised forms of addiction (e.g.
cocaine) (8). However, the addictive-like adaptations associated with sugar
consumption do not result in weight gain, with rats compensating for their extra
energy consumption by decreasing their chow intake (147), limiting the application to
obesity (160). Conversely, in studies of high fat diets, preclinical models have
demonstrated that intermittent access to vegetable shortening induces binge eating
behaviour (161), but a 45% fat diet does not elicit opioid-induced withdrawal
symptoms (159). Palatable foods that combine these macronutrients have been shown
to induce both weight gain and addictive-like symptoms (162, 163), but these
symptoms are to a lesser degree than when the chow was supplemented with sugar
alone (160).
Although animal models can be useful to understand the mechanisms and potential
food components associated with addictive eating, the experimental paradigms are
controlled under strict conditions. The application and translation of these models to
the human context is therefore difficult as the preclinical models fail to account for
social and environmental influences on human eating behaviour. These preclinical
findings, however, have led to an increasing amount of scientific interest regarding
food addiction in humans and the potential agents in food capable of triggering an
addictive-like response.

1.8 Diagnosis of addiction in humans
1.8.1 The Diagnostic and Statistical Manual of Mental Disorders
The Diagnostic and Statistical Manual of Mental Disorders (DSM) provides a standard
classification for mental disorders, and is used in clinical, research and policy settings
(164, 165). The DSM covers a number of mental disorders such as addiction, eating

22

disorders, depression and anxiety. The DSM criteria for addiction will be summarised
in the following sections and eating disorders will be discussed in Section 1.10.

1.8.2 Addiction in the Diagnostic and Statistical Manual of
Mental Disorders
Substance use disorders and non-substance related disorders are defined and
diagnosed in humans according to the DSM. At the commencement of this thesis in
2012, the DSM version 4 (DSM-IV) was still in use to classify and diagnose mental
health disorders (166). During 2013, an updated version, the DSM version 5 (DSM-5)
was released (164), and non-substance or behavioural addictive disorders were
included for the first time. The diagnostic criteria for addiction in each of these
versions of the DSM are summarised below.

1.8.3 DSM-IV substance-use disorders
The DSM-IV was introduced in 1994, and a text revision which included extra
information regarding psychological conditions was published in 2000 (DSM-IV-TR)
(166). The DSM-IV focuses on substance-use disorders, involving a physiological
dependence on a chemical intoxicant or substance such as tobacco, alcohol and illicit
drugs. This version of the DSM did not include a diagnostic criteria for non-substance
behavioural addictions. The DSM-IV divides substance-use disorders into two
categories, substance dependence and substance abuse. The majority of food addiction
research has investigated and provided preliminary support for the DSM-IV substance
dependence model. Therefore, the DSM-IV criteria for substance dependence is
summarised below, and the application to food is outlined in Section 1.9.1.

1.8.3.1 DSM-IV Substance dependence
Substance dependence is defined as a maladaptive pattern of substance use leading to
clinically significant impairment or distress (166). Alcohol-use disorder and tobacco
smoking are the most common types of substance dependence worldwide with 4.9%
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and 22.5% of the global population affected by these conditions, respectively (167).
Substance dependence of any type is diagnosed by the DSM-IV when at least three out
of a possible seven diagnostic criteria occur within a 12-month period, as well as
reporting clinical impairment or distress as a result of the substance use (166). The
DSM-IV diagnostic criteria are listed in Column 1 of Table 1-3, with definitions
provided in Column 2.
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Table 1-3: Proposed application of the DSM-IV criteria for substance dependence to food and
eating behaviour.
Adapted from: Volkow, 2007 (168), and Meule, 2014 (169).

DSM-IV Diagnostic criteria
Tolerance

Definition
Tolerance as defined by either of the
following:
(a) A need for markedly increased amounts of
the substance to achieve intoxication or the
desired effect or
(b) Markedly diminished effect with continued
use of the same amount of the substance.
Withdrawal as manifested by either of the
following:
a) The characteristic withdrawal syndrome for
the substance or
(b) The same (or closely related) substance is
taken to relieve / avoid withdrawal symptoms.
The substance is often taken in larger
amounts or over a longer period than
intended.

Application to food
Increasing amounts of food to reach
satiety.
Satiety signals overridden by reward
mechanisms in the brain.

Persistent desire or
unsuccessful attempts to
cut down intake

There is a persistent desire or unsuccessful
efforts to cut down or control substance use.

Time spent in procurement
and use

A great deal of time is spent in activities
necessary to obtain the substance, use the
substance, or recover from its effects.
Important social, occupational, or recreational
activities are given up or reduced because of
substance use.
The substance use is continued despite
knowledge of having a persistent physical or
psychological problem that is likely to have
been caused or exacerbated by the
substance

Persistent desire for food and
unsuccessful attempts to curtail amount
of food eaten.
Dietary relapse.
Food preoccupation or craving.
Great deal of time is spent obtaining
and eating food.

Withdrawal

Using the substance in
larger amounts than
intended

Reduction in social,
recreational and
occupational activities
Continued use despite
knowledge of harmful
effects

Clinical Impairment/
distress

The individual experiences clinically
significant impairment or distress as a result
of the use of the substance.
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Distress and dysphoria during dieting or
abstinence from certain foods.
Negative mood following weight loss.
Anecdotal reports of withdrawal
symptoms.
Larger amounts of food eaten than
intended.
Loss of control over eating.

Activities given up or reduced for fear of
rejection due to excessive weight or
overeating of certain foods.
Overeating and consumption of high
calorie foods despite knowledge of
negative physical and psychological
effects caused by excessive food
consumption such as obesity and
cardiovascular disease.
Clinically significant impairment or
distress experienced as a result of
overeating.

1.8.4 DSM-5: Substance-related and addictive disorders
The fifth edition of the DSM, released in 2013, included a number of revisions to the
grouping of addictive disorders as well as changes to the criteria of certain conditions
(164, 165). Non-substance disorders, also known as behavioural addictions, were
added as a new category and refer to compulsive engagement in rewarding
behaviours. This has led to debate as to whether food addiction better resembles a
substance use disorder, a non-substance behavioural addiction, or whether it
incorporates components of both (52, 169). The following sections will elaborate on the
DSM-5 diagnostic criteria which are different from the previous DSM-IV.

1.8.4.1 DSM-5 substance-use disorder
The DSM-5 “substance-use disorders” combines the DSM-IV categories of “substance
dependence” and “substance abuse” into one disorder, following a review of the
literature and conclusion that there was insufficient evidence to support the distinction
between the two categories (164). Consequently, the number of diagnostic criteria
increased from seven to eleven. Craving was added as a new criteria, while the
substance abuse criteria for legal problems was not included due to the low prevalence
in previous studies (165). In the DSM-5, substance-use disorders are measured on a
continuum based on the number of symptoms present, ranging from mild (2-3
symptoms) to severe (≥ 6 symptoms). The new DSM-5 diagnostic criteria that have
been added to the existing DSM-IV criteria for substance dependence are presented in
Table 1-4.
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Table 1-4: New DSM-5 substance criteria that were added to the existing DSM-IV criteria for
substance dependence.

DSM-5 Substance-use disorder criteria
Craving or strong desire or urge to use substance
Recurrent substance use resulting in failure to fulfil major role obligations
at work, school or home
Continued use despite having persistent or recurrent social or
interpersonal problems caused or exacerbated by the effects of the
substance
Recurrent substance use in situation in which is physically hazardous

New criteria
Merged from the DSM-IV substance
abuse criteria
Merged from the DSM-IV substance
abuse criteria
Merged from the DSM-IV substance
abuse criteria

1.8.4.2 DSM-5 Non-substance related disorders
Non-substance related disorders, or behavioural addictions, are characterised by the
compulsive engagement in rewarding activities despite negative consequences, as well
as experiencing clinically significant impairment or distress (164). Gambling disorder is
the only behavioural addiction that is clinically recognised by the DSM-5 and was
added to the DSM following scientific evidence to show that it shares similar
behavioural indicators, neurocircuitry, comorbidity, and treatment as substance use
disorders (170-172). Simulated gambling tasks can activate the same dopaminergic
reward pathways in problem gamblers (e.g. ventral striatum) as other addictive
substances such as cocaine, alcohol and tobacco smoking (173, 174). In addition, similar
activation patterns in the prefrontal cortex, which is involved in decision making,
impulsivity and cognitive control, are observed in problem gamblers compared to
traditional substance addictions (175, 176). Gambling disorder is characterised by
persistent and recurrent problematic gambling behaviour leading to clinically
significant impairment or distress and is diagnosed when ≥ 9 diagnostic criteria are
reported in a 12-month period, as listed in Table 1-5. Like the DSM-5 criteria for
substance-use disorder, it is assessed on a continuum of severity, with lower scores
denoting a mild severity, and higher scores denoting the most severe. In countries with
available data, the prevalence of problem gambling is approximately 1.5% (167).

27

Table 1-5: DSM-5 diagnostic criteria for gambling disorder.

DSM-5 gambling disorder criteria
Needs to gamble with increasing amounts of money in order to achieve the desired excitement
Is restless or irritable when attempting to cut down or stop gambling.
Has made repeated unsuccessful efforts to control, cut back, or stop gambling.
Is often preoccupied with gambling (e.g., having persistent thoughts of reliving past gambling experiences,
handicapping or planning the next venture, thinking of ways to get money with which to gamble)
Often gambles when feeling distressed (e.g., helpless, guilty, anxious, depressed).
After losing money gambling, often returns another day to get even (“chasing” one’s losses).
Lies to conceal the extent of involvement with gambling.
Has jeopardized or lost a significant relationship, job, or educational or career opportunity because of gambling.
Relies on others to provide money to relieve desperate financial situations caused by gambling.
The gambling behavior is not better explained by a manic episode.

Prior to the release of the DSM-5, there was considerable scientific debate as to the
inclusion of other non-substance behavioural addictions such as internet gaming and
addictive-like eating behaviour (165). Due to the lack of a standardised criteria to
assess internet gaming disorder (177), this condition was not included as a nonsubstance disorder; however, it was added to the appendices as a condition that
requires further study (178, 179). Although there is a growing body of evidence seeking
to investigate addictive-like eating behaviours, it was concluded that there was
insufficient published data to support the inclusion of addictive-like eating behaviours
in the DSM-5 (82, 170). Despite this, it has been suggested that addictive eating
warrants further research in the context of behavioural addictions, and may hold the
potential to influence treatment, prevention and policy strategies (180).

1.9 Food addiction in the context of the DSM
At the commencement of this thesis, the DSM-IV was used to diagnose substance
dependence. For this reason, the existing models of food addiction were
operationalised according to the DSM-IV substance dependence criteria. Therefore this
model of food addiction will remain the focus of the Introduction, and the applications
of the DSM-IV to eating behaviour will be summarised. The potential applications of
the DSM-5 criteria to the food addiction construct will be considered in the Discussion.
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1.9.1 Food addiction as DSM-IV substance dependence
disorder
Some authors suggest that certain eating behaviours closely resemble the DSM-IV
diagnostic criteria of substance dependence (168, 181). While there is no universal
definition for food addiction (182), proposals have been published regarding the
possible applications of the DSM-IV criteria for substance dependence to food. These
are listed in Column 3 of Table 1-3 (168). Some features are easily translatable from the
DSM-IV to be relevant to eating behaviour, including persistent desire for food,
unsuccessful attempts to cut down food intake and continued eating despite negative
consequences such as obesity (121, 183). However, other DSM-IV criteria such as
tolerance and withdrawal rely largely on animal data and are difficult to replicate in
humans due to the physiological need for food (9, 169). However, anecdotal reports of
withdrawal symptoms have been reported in humans such as agitation, cravings,
fatigue, headaches, palpitations, and poor mood (121). While the applications of the
DSM-IV criteria to food and addiction outlined in Table 1.3 are commonly used in
scientific research, it should be acknowledged that other applications of this criteria to
food are possible. For example, the criteria “Reduction in social recreational and
occupational activities” may also reflect people giving up social situations so that they
can eat in private, eat larger portions or eat certain foods that they would otherwise
feel they were unable to eat in public. Further research in this area is warranted to
better understand the possible applications of the DSM-IV criteria to food and eating
behaviour.
The DSM-IV substance dependence model of food addiction does have some
limitations. The first is that “substance dependence” suggests the involvement of a
specific substance in the food (e.g. fat, sugar, salt) which is capable of triggering an
addictive process by “hijacking” brain pathways in a similar way to addictive drugs.
However, there is limited research relating to the involvement of specific substances in
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addictive-like eating in humans (9, 52, 124). Second, food does not cause an
intoxication effect (184), unlike many other substances of abuse such as alcohol and
illicit drugs. However, some addictive substances such as tobacco are known to only
have mild intoxication effects (185). This thesis endeavours to explore the DSM-IV
substance dependence model of food addiction, to further characterise the construct.

1.10 Feeding and eating disorders
“Feeding and eating disorders” are diagnosed according to the DSM and are
characterised by the disturbance of eating-related behaviour that results in altered
consumption and absorption of nutrients. This section of the DSM-5 included a
number of changes to the diagnostic criteria for eating disorders. These changes
included revisions to the diagnostic criteria for anorexia nervosa (AN) and bulimia
nervosa (BN), as well as the addition of new disorders such as binge eating disorder
(BED) (164). The following sections will discuss the assessment of specific feeding and
eating disorders, and their potential relationship with food addiction. Although it is
important to acknowledge the proposed overlap between addictive-like eating and
certain eating and feeding disorders, clinical disordered eating populations will not be
the focus of the experimental components of this thesis.

1.10.1

Binge eating disorder and food addiction

Binge eating disorder is a heterogeneous condition which is characterised by recurrent
episodes of binging (eating a significantly large amount of food in a short period of
time), a sense of lack of control over eating and marked distress. There are many
similarities between the DSM-IV substance-use disorder model of food addiction and
the diagnostic criteria for BED including symptomology, biological underpinnings and
comorbidities (186-189). In studies using the YFAS to assess food addiction, an
approximate 50% overlap has been reported between food addiction and BED
diagnosis (188, 190-192). In addition, a meta-analysis of ten studies investigating the
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relationship between YFAS assessed food addiction and binge eating disorder found
the weighted mean correlation to be r=.64 between the two (193). However, studies
have shown that not all individuals with BED meet the YFAS criteria for food
addiction and vice versa, suggesting that these conditions do not completely overlap
(190). Individuals with a diagnosis of both BED and YFAS assessed food addiction
have been reported to display more severe binge eating behaviour, addictive and
impulsive personality characteristics, as well as comorbidity such as depression, than
individuals with BED alone (186). This has led to a more recent proposal from Davis
(2013) (186, 192) that food addiction may be viewed as a severe variant on the spectrum
of overeating, denoting a more compulsive overeating symptomology, with
psychopathological tendencies similar to those with substance addiction. The food
addiction construct requires further investigation to better characterise the potential
condition and determine if it is a clinical phenotype that is separable from BED.

1.10.2
Bulimia nervosa, anorexia nervosa and food
addiction
The relationships between food addiction and other types of eating and feeding
disorders have not been as well explored (194, 195). Bulimia nervosa is characterised
by frequent episodes of binge eating in combination with inappropriate compensatory
behaviours such as purging to maintain weight. Individuals with BN have been shown
to have a high prevalence of food addiction, assessed by the YFAS (193-195) Anorexia
nervosa is characterised by food restriction, low body weight and distorted body
image. In a study that included a range of eating disorders, it was found that YFAS
food addiction was lowest in the restrictive AN subtype, but was higher in the bingepurge AN subtype, compared to both BED and BN (196). While it appears there are
some overlaps between addictive-like eating and other feeding and eating disorders,
few studies exist in this area. Future research is required to further understand where
on the spectrum of eating disorders food addiction may lie.
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1.11 Neuroimaging in addiction and eating behaviour
With rapid advances in technology in the previous two decades, neuroimaging
techniques such as functional magnetic resonance imaging (fMRI) and positron
emission tomography (PET) are providing insight into the neurobiology of addiction
and eating behaviours (83, 197). Neuroimaging studies have provided valuable
information regarding a highly integrated network of brain regions involved in the
processing of rewarding experiences, as outlined in Section 1.5.1. These techniques are
becoming increasingly popular for use in research, due in part to the increased
availability of equipment and reductions in cost. As the stimuli associated with an
addictive agent have been shown to elicit a DA response in the anticipation of reward,
cues (e.g. images, sounds, smells) are often used in neuroimaging research studies to
investigate the DA response and brain activation patterns associated with addiction.
Positron emission tomography imaging uses a radioactive tracer in the body, which is
detected by the imaging equipment, and produces a 3D image of functional processes
in the body (198). Positron emission tomography imaging has been applied to the field
of obesity and addiction, and has demonstrated a reduction in striatal DA receptors in
obese participants compared to healthy weight controls (199, 200), in a similar way to
traditional substance addiction (107, 201). Functional MRI is another technique that
provides information regarding brain function, and is becoming an increasingly
popular tool to assess neural activation in response to food and eating behaviour.
Functional MRI provides a superior spatial resolution than PET imaging and is less
invasive for patients in terms of the pre-scan preparation procedure and exposure to
ionising radiation (202). The majority of food addiction research has utilised fMRI,
therefore, this thesis will be focused on the use of fMRI in understanding eating
behaviour and responses to food. The following section will briefly outline the
application of fMRI to the food addiction field.
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1.11.1
Functional magnetic resonance imaging in food
addiction
Functional MRI is a non-invasive imaging technique that has recently been applied to
nutrition-related research (203, 204). Blood-oxygen-level-dependent (BOLD) fMRI
analyses the function of neural tissue, and relies on the premise that synaptic neuronal
activity elicits a localised haemodynamic response, which leads to a proportionate
increase in cerebral blood flow to accommodate local tissue demands (205). The oxygen
consumed to perform the synaptic activity results in a change in the ratio of
deoxyhaemoglobin (haemoglobin without oxygen) to oxyhaemoglobin (haemoglobin
in combination with oxygen) concentration. Functional MRI is able to detect these
differences due to changes in the local magnetic field (206). Subsequent statistical
analyses of whole brain tissue produces an activation map due to altered signal
intensity between a certain condition (i.e. a task) and a control (i.e. no task), as depicted
in Figure 1-7 (207).

33

MRI of the brain
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Figure 1-7 The haemodynamic response to neuronal activity and activation map of subsequent
changes in BOLD response in the brain.
(a) The basal state (i.e. no task) and functional image of the brain showing no activation. (b) The
activated state (i.e. during a task or condition) and the subsequent activation of specific brain
regions. Activation maps of the brain are shown in the axial plane. BOLD= Blood-oxygen-leveldependent, Hb= haemoglobin. Adapted from (208-210).

Numerous studies have sought to investigate the neural correlates of obesity, reporting
similar activation patterns to food cues (e.g. visual, olfactory, auditory) and actual food
intake compared to that of substances of abuse (197, 211-213). Previous studies of food
intake have reported decreased striatal activation in obese compared to normal weight
individuals in response to the consumption of a palatable milkshake (214). This was
subsequently interpreted as a reduction in D2 receptor availability similar to other
forms of addiction (214). Reduced striatal activation in response to food palatable food
intake has also been reported to be associated with weight gain over six months (215).
However, the methodology of conducting a food intake fMRI study can be
problematic, as the mechanical movement associated with chewing and swallowing
can distort the acquired images, leading to a higher chance of data exclusion. As it has
been proposed that food-related cues elicit a DA reward-response in vulnerable
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individuals, visual food cues have often been used to assess addictive-like neural
responses to food to overcome these methodological issues. Studies using visual food
cues have reported brain activation patterns consistent with increased reward
anticipation and motivation (216, 217). These findings have led to suggestions that an
addictive process may underlie some forms of overeating and obesity, with altered
functioning and neuroplasticity of brain networks involved in the processing of food
cues (211), increasing susceptibility to excessive food intake. Altered functioning of
brain networks associated with self-regulation and impulse control has also been
reported in BED (218).
Currently, the process by which the human brain integrates food signals to produce
maladaptive eating behaviours, such as addictive-like eating, is largely unclear (30).
Despite an increase in the number of studies using fMRI to investigate eating
behaviour, at the commencement of this thesis, no papers had systematically reviewed
studies investigating the neural responses to visual food cues across all BMI categories.
This area thus requires further investigation to identify concurrence or disparity in
neural activity patterns across studies.

1.12 Genetic overlap between reward, addiction and
obesity

Advancements in techniques to model the human genome (219) have yielded insight
into genetic factors that may predispose an individual to the development of addiction
and potential for relapse (220). Although addiction covers a wide range of substance
and non-substance disorders, the genetic heritability is estimated to range from 0.39 for
hallucinogens to 0.72 for cocaine (221, 222). Paralleling these trends in addiction, there
is a well-documented genetic influence in the development of obesity, with heritability
estimated at 0.60 - 0.80 (223-226). While the genetic influences on addictive-like eating
are not the focus of this thesis, they are important to consider in the context of neural
reward processing.
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As summarised in Sections 1.4.2 and 1.5.2, the dopaminergic brain systems play a key
role in both food reward and addiction. Therefore it follows that common genetic
mechanisms regulating DA transmission may influence reward-based eating (227). The
most frequently studied polymorphism in the context of food reward is the Taq-A1
polymorphism of the DA receptor type 2 (DRD2) gene, which has been documented in
substance dependence such as alcoholism (228, 229), and more recently in obesity (212).
The DRD2 gene encodes the expression of DA receptors in the striatum and regulates
reward processing (229). The Taq-A1 allele of the DRD2 gene has been implicated in
reduced expression of DA receptors, decreased dopaminergic signalling and reward
processing in substance addiction (230, 231). The Taq-A1 allele has been shown to be
associated with neural activation to palatable foods (212), and associated with BMI
(232, 233); however, the relationship with BMI has not been demonstrated consistently
(234). Other genetic traits have been investigated in the context of reward-based eating
such as polymorphisms in the OPRM1 gene, which encodes the mu-opioid receptor
and is associated with increased reward sensitivity via modulation of the
dopaminergic system. The A118G polymorphism of the mu-opioid receptor is the most
widely studied in substance addiction and has been implicated in heightened response
to drugs of abuse (235, 236). This polymorphism has been shown to be associated with
greater hedonic responsiveness to palatable food (95) and addictive-like eating, as
assessed by the YFAS (237). In addition, a relationship between the OPRM1 gene and
BMI has been reported in some, but not all, studies (81, 238-240).

1.13 Characteristics of food associated with food
addiction
As described in Section 1.4, food is eaten both for homeostatic (i.e. physiological) and
hedonic (i.e. rewarding) reasons. Scientific studies have only recently begun to focus on
the addictive potential of specific foods and nutrients (1). At the commencement of this
thesis there was insufficient human evidence to suggest that any food, nutrient,
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ingredient or combination of ingredients could be labelled addictive, with the
exception of caffeine (52, 124). The existing research regarding addictive-like eating
and relationships with whole foods, macronutrients, micronutrients, and food
properties is outlined in the following sections.

1.13.1

Whole foods

One of the major critiques of the food addiction construct is that, unlike drugs, food is
necessary for human survival (3, 122). However, proponents of the substance
dependence model of food addiction argue that it is unlikely that all foods are equally
capable of triggering an addictive-like response (1). Rather, energy-dense, ultraprocessed foods, with added ingredients to make them hyper-palatable, are more
likely to trigger an addictive response compared to naturally grown foods (1, 183, 241,
242). Humans are biologically driven to seek energy-dense foods as a potent energy
source to maximise energy stores in times of famine. In nature, these types of foods are
often hard to obtain, however, now they are in abundance in the food system, as
discussed in Section 1.3 (184). These foods are hypothesised to override biological
satiety mechanisms and facilitate an addictive-like eating process in vulnerable
individuals (79). While food is necessary for survival, the energy-dense, nutrient-poor,
ultra-processed foods that are proposed to be associated with addictive-like eating are
not necessary as part of a healthy balanced diet (185). To progress the field of food
addiction, foods that are potentially addictive need to be investigated and identified.
This would provide a basis for the investigation of specific food ingredients and
concentrations that are likely to elicit an addictive-response.

1.13.2

Macronutrients and micronutrients

As outlined in Section 1.7, the combination of a high-fat, high-sugar (glucose or
sucrose) diet can lead to addictive eating tendencies and weight gain in rodents (243).
Consequently, it has been hypothesised that these macronutrients may facilitate an
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addictive process in susceptible humans (244). However, the specific subtypes of sugar
(e.g. monosaccharides such as fructose and glucose, disaccharides such as sucrose and
lactose), and fat (e.g. saturated, monounsaturated, polyunsaturated and trans fats) that
may facilitate this response has not yet been investigated in humans. The rewarding
properties of micronutrients such as sodium (i.e. salt) has also been debated, with salt
often added to processed foods to improve palatability (52, 245). It is currently unclear
as to the concentration or combinations of macro- or micro- nutrients that may be
capable of triggering an addictive response. Thus, this area warrants further research.

1.13.3

Food components and additives

Food additives have been discussed in food addiction literature as enhancing the
addictive potential of the food, in a similar fashion to the chemicals added to cigarettes
to enhance the addictive potential of tobacco (1, 185). However, there is currently no
evidence regarding the associations between addictive-like eating and food additives
such as glutamates, which are added to food as a taste enhancer in the form of
monosodium glutamate (MSG) (246). If certain foods or nutrients are identified as
addictive, this could subsequently inform further research into whether specific food
additives may increase their addictive potential.

1.13.4

Food properties

It has been hypothesised that certain food properties may increase the addictive
potential of foods, including the degree of processing and refinement (1, 183, 241).
These manufacturing processes can increase the potency of rewarding food ingredients
(e.g. fat and sugar), and often remove healthful components (e.g. fibre), from naturally
sourced food (184). The effect of these processed foods on the body have been
suggested to mimic the pharmokinetic properties of drugs of abuse, leading to a rapid,
transient rise in blood sugar levels (185, 242). These food properties have been likened
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to the purification of other psychotropic plants into drugs of abuse, for example, the
purifying the coca plant to produce cocaine (184).
It should be noted that the term “processing” is very broad. While it is often associated
with negative connotations and used to refer to energy-dense, “junk” foods with little
nutritional value, food processing can refer to many different techniques in food
production. Food processing can have a range of beneficial effects including
preventing food spoilage (e.g. salting), improved digestibility (e.g. whole-grains),
nutrient fortification (e.g. folate in bread) and improved nutrient bioavailability (e.g.
lycopene in tomatoes). Therefore further information is necessary regarding the
specific processing techniques, as well as the types and amounts of specific foods or
nutrients that are likely to elicit an addictive response (3).

1.14 Dietary assessment
Accurate dietary intake assessment is imperative to assess food intake and links with
weight and health status (247). However, collecting accurate, comprehensive dietary
intake data is challenging. Dietary assessment methods can have a number of inherent
limitations including reliance on self-report in retrospective methods and alterations in
food intake during the reporting period in prospective methods (248). The gold
standard of total energy intake assessment is doubly labelled water (249); however, the
cost of this technique is prohibitive in clinical settings and larger studies. Other
methods are more commonly used in clinical and research settings, such as 24-hour
recalls, food frequency questionnaires (FFQ), and weighed food records. Some of these
assessment techniques are better suited to assessment at the individual or group level
(e.g. weighed food records), while others are useful at the broader population level
(e.g. FFQ) (250).
It is important to note that, at the conception of this thesis, no studies had used a
validated dietary assessment tool in combination with food addiction scores. This is
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imperative to improve the credibility of study findings related to the relationship
between specific food intakes and addictive-like eating. The lack of validated dietary
assessment tools is a limiting factor in food addiction research, and is necessary to
progress the field and identify possible dietary treatment targets.

1.14.1

Australian eating survey

The Australian Eating Survey (AES) is a 120-item validated, semi-quantitative FFQ
which assesses dietary intake over the previous six months (251). Food frequency
questionnaires require the participant to report how often they consume items from a
pre-determined checklist of common foods and beverages over a specified time. Food
frequency questionnaires have a low burden on participants and researchers, are
inexpensive and do not require trained assessors (248). In some cases they can be
completed online, making them practical for large studies. Despite limitations such as
reliance of self-reported measures and recall bias, frequency data can explain much of
the variation in dietary intake and can provide sufficient accuracy to rank individuals
in terms of intake and risk for subsequent health outcomes (252). The AES has been
validated in Australian adults and children terms of total energy intake relative to
weighed food records, and also relative to specific nutrients, using nutritional
biomarkers (251, 253-256).

1.15 Food addiction assessment
The assessment of food addiction has historically relied on self-identification (6) or
non-validated tools, with insufficient evidence to support their use as assessment
measures (257). Other tools assess single aspects of addiction with respect to food, such
as restraint, disinhibition, impulsivity and craving (258-262). The lack of a standardised
definition and assessment tool for food addiction has been a major limitation in food
addiction research, leading to a lack of characterisation of the construct.
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In 2009, the Yale Food Addiction Scale was developed by Gearhardt and colleagues
(143), providing a standardised tool to assess food addiction. The YFAS is a 25-item
tool that operationalises food addiction according to the DSM-IV substance use criteria.
The tool uses a combination of Likert and dichotomous questions relating to eating
behaviour and includes two predefined scoring outputs: a “symptom score” out of
seven based on the number of symptoms endorsed, as well as a food addiction
“diagnosis” when at least three symptoms and the clinical impairment or distress
criteria are endorsed. This is in line with the scoring of the DSM-IV criteria for
substance dependence. Currently, no studies have systematically reviewed studies that
have used the YFAS. This is important to identify existing gaps in the YFAS literature.
It should be acknowledged that the questions of the YFAS also fit with the profiles of
chronic dieters, emotional eaters and people struggling to reduce their intake of high
energy foods in an obesogenic society. It is possible that some of the questions included
in the YFAS may not differentiate between food addicted and other disordered eating
profiles (122). Further research is warranted to determine the validity of the YFAS tool
to identify an addictive-like eating phenotype specifically, or whether it is a proxy
measure of a combination of other factors that are relevant in an obesogenic society.

1.16 Summary
This Chapter provided an overview of several domains relevant to the food addiction
construct, including obesity, the control of eating and addiction. It also summarised the
existing evidence regarding food addiction and highlighted important gaps in the
evidence base. The review of the background literature led to the formulation of
specific research questions and hypotheses. These are detailed in the following
sections.
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1.17 Research aims
1.17.1

Primary aim

The primary aim of this thesis was to explore the construct of food addiction in the
young Australian adult population in relation to dietary intake profiles, and the
activation of brain reward networks to visual food cues.

1.17.1.1

Thesis hypothesis

The primary hypothesis was that food addiction would be identified in the Australian
young adult population and would be associated with higher dietary intakes of
energy-dense, nutrient-poor foods, as well as differential neural responsivity in brain
reward networks to visual food cues.

1.17.2

Secondary aims

1. To evaluate the current evidence base regarding neural responses to visual food cues
across all weight categories, as detected by fMRI.
Hypothesis: It was hypothesised that obese individuals would have greater
reward-related neural responses to energy-dense visual food cues compared to
healthy weight individuals, given the proposal that certain obese individuals
may experience a heightened DA reward-related response to cues associated
with palatable food.
2. To systematically review studies that have used the YFAS to assess food addiction,
and to subsequently conduct a meta-analysis of study outcomes if possible.
Hypothesis: It was hypothesised that food addiction, as assessed by the YFAS,
would be higher in obese individuals and disordered eating populations,
compared to normal weight, non-clinical populations.
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3. To determine the prevalence of food addiction in young Australian adults, assessed
by the YFAS, and to investigate whether food addiction is related to dietary intakes
of specific foods.
Hypothesis: It was hypothesised that food addiction prevalence would be similar
to other community based samples in developed countries, and food addiction
would be related to higher intakes of energy-dense, nutrient-poor foods.
4. To determine if online self-reporting of height and weight is a valid method of data
collection and calculating BMI.
Hypothesis: It was hypothesised that the discrepancies between online selfreport and objectively measured height, weight and calculated BMI would be
similar to previous paper-based validations of self-reported anthropometrics.
5. To determine whether the construct of food addiction, as assessed by the YFAS, is
stable over 18-months in a non-clinical population.
Hypothesis: It was hypothesised that the YFAS food addiction diagnosis and
symptom scores would have good agreement and reliability over 18-months in
a non-clinical population.
6. To explore whether food addicted individuals compared to those non-addicted,
according to the YFAS, display differential activation patterns to visual food cues in
reward-related areas of the brain, as detected by fMRI.
Hypothesis: It was hypothesised that YFAS assessed food addicted participants
would have different reward-related neural responses to energy-dense, nutrientpoor foods compared to their non-addicted counterparts.
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1.18 Thesis structure
1.18.1

Overview

Chapter 1 presented a comprehensive overview of background literature supporting
this work and key gaps identified in the literature. This thesis comprises six
manuscripts: two systematic reviews, a cross-sectional study, validation study,
longitudinal study and pilot fMRI study. An overview of how these manuscripts relate
to one another is depicted in Figure 1-8. The final Chapter will provide a brief synthesis
of the findings as well as provide recommendations for future research and clinical
practice.
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Literature review
Systematic review and metaanalysis

Systematic review and metaanalysis

The prevalence of food
addiction as assessed by the
Yale Food Addiction Scale: A
systematic review

Neural responses to visual
food cues according to weight
status: a systematic review of
functional magnetic resonance
imaging studies

Methods:
•
Retrieval of studies from 2009-2014
that were published in the English
language and had used the YFAS
•
Eligibility and quality assessed by
two independent reviewers
•
Meta-analysis of YFAS diagnosis
and symptom scores across
studies, and according to weight
status, clinical status and sex

Cross-sectional survey
Foods and dietary profiles
associated with “food
addiction” in young adults
Methods:
•
Online cross-sectional survey
including demographics,
anthropometrics, the YFAS and
Australian Eating Survey
•
Young adults aged 18-35 years
recruited
•
Analysis of relationships between
YFAS scores and food intake,
macronutrients, micronutrients and
diet quality

Methods:

•

•
•

Retrieval of studies published in the
English language to 2014 that
reported fMRI outcomes of neural
responses to visual food cues
Eligibility and quality assessed by
two independent reviewers
Meta-analysis of neural changes
pre- to post- weight loss using
activation likelihood estimation

Longitudinal study

Validation study

The stability of “food
addiction” as assessed by the
Yale Food Addiction Scale in a
non-clinical population over
18-months

How accurate is web-based
self-reported height, weight
and body mass index in
young adults?

Methods:
•
Online cross-sectional survey
including demographics,
anthropometrics, YFAS
•
Young adults aged 18-35 years
who completed the original online
survey were recruited to recomplete
the survey 18-months later
•
Agreement and reliability of YFAS
diagnosis and symptom scores
between the two time points tested

Methods:
•
Young adults aged 18-35 years
recruited to online survey
•
Participants self-reported height
and weight online and had the
same data measured in the
laboratory
•
BMI calculated from self-reported
and measured data
•
Agreement between measured
and self-reported data tested

Pilot functional MRI study
Neural correlates of food
addiction “diagnosis” as
assessed by the Yale Food
Addiction Scale: An exploratory
pilot study in young females
Methods:
•
Six YFAS “food addicted” and “not food
addicted” females aged 18-35 years
recruited from online survey
•
Functional MRI scans of the brain
including structural scan, and taskrelated scans
•
Participants shown fruit and vegetables
and energy-dense, nutrient-poor foods
•
Two scans: one fasted, one satiated
•

Exploratory analyses of fMRI outcomes

Figure 1-8: Flow diagram of the manuscripts that make up this thesis
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1.18.2
Systematic review of neural responses to visual food
cues
Chapter 2 presents the findings of a systematic review of studies using functional MRI
to assess neural responses to visual food cues. Nine databases were searched using a
combination of key words and two independent reviewers assessed the articles for
eligibility. The search strategy identified 64 articles describing 60 studies. Data were
extracted using standardised tables and a study quality was assessed. An activation
likelihood estimation (ALE) meta-analysis was conducted of neural activity pre- and
post- weight loss studies using the GingerAle software. This Chapter aligns with
Secondary Aim 1 and has been published in the journal Eating Behaviors.

1.18.3
Systematic review of studies that have used the
Yale Food Addiction Scale
Chapter 3 presents the results of a systematic review and meta-analysis of studies
using the YFAS to assess food addiction. Nine databases were searched and study
eligibility was determined by two independent reviewers. A total of 28 articles
describing 25 studies were retrieved by the search strategy. Data was extracted using
standardised tables and study quality was systematically assessed. A random effects
meta-analysis of YFAS symptom scores and diagnosis was conducted. Analysis was
conducted according to weight status, clinical status, participant sex and age. This
Chapter aligns with Secondary Aim 2 and has been published in the journal Nutrients.

1.18.4
Cross-sectional survey investigating food and
dietary profiles associated with food addiction
Chapter 4 presents a novel, exploratory, online cross-sectional study that assessed the
presence of food addiction in the young adult population, as well as the foods and
dietary profiles associated with food addiction. This was identified as a gap in the
literature in Chapter 3. The 174-item survey included demographics, anthropometrics,
the YFAS and the AES. A total of 462 participants completed the survey. Relationships
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between YFAS assessed food addiction and specific foods, macronutrients,
micronutrients and diet quality were examined using linear and logistic regression
models. This study aligns with Secondary Aim 3 and was published in the journal
Addictive Behaviors Reports.

1.18.5
Validation study of online self-reported height and
weight
Chapter 5 presents the results of a validation study designed to evaluate the accuracy
of online self-reported height and weight in young adults, as well as BMI calculated
from this data. The time period of 18-months was chosen to capture a reporting period
separate from that of the original survey, as the YFAS reports addictive-like symptoms
over 12-months. A total of 117 Australian males and females aged 18-35 years selfreported anthropometric details in an online survey and had the same data objectively
measured by a trained assessor in the laboratory. The relationships and strength of
agreement between self-reported and measured data were assessed using correlations
and Bland-Altmann plots. This study aligns with Secondary Aim 4 and was published
in the journal Journal of Medical Internet Research.

1.18.6
Longitudinal study investigating the temporal
stability of food addiction
Chapter 6 presents a longitudinal study of food addiction in a non-clinical population,
identified as a gap in the literature in Chapter 3. Participants recruited to the original
food addiction survey presented in Chapter 4 were invited to recomplete a shortened
version of the survey, which included demographics, anthropometrics and the YFAS.
A total of 69 participants recompleted the YFAS 18-months following the original
survey. Strength of agreement was assessed using Kappa statistics and reliability via
inter-correlation coefficients. Change in BMI as well as participation in weight loss
behaviours were added into the models to evaluate whether these variables explained
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the within-person variance in YFAS scores over time. This study aligns with Secondary
Aim 5 and was published in the journal Appetite.

1.18.7
Pilot fMRI study of the differences in neural
responses to visual food cues according to food
addiction status
Chapter 7 presents a novel pilot study that used fMRI to assess neural activation
patterns in response to visual food cues based on YFAS food addiction diagnosis. The
fMRI parameters, selection of images and study conditions were informed by the
systematic review presented in Chapter 2. Six food-addicted and six non-addicted
females were recruited to the pilot study from the pool of participants who completed
an online food addiction survey. Participants underwent two functional MRI scans,
one fasted and one following a standardised meal replacement beverage. The fMRI
paradigm included a structural scan and a task-related fMRI acquisition. During the
task-related acquisition, participants were shown images of (i) energy-dense, nutrientpoor foods and (ii) images of fruit and vegetables. The results from the task-related
fMRI are presented as an exploratory analyses according to hypotheses formulated
during this thesis. This Chapter aligns with Secondary Aim 6 and will be submitted to
the journal JAMA Psychiatry.
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Chapter 2 Neural Responses to Visual Food
Cues According to Weight Status: A
Systematic Review of Functional Magnetic
Resonance Imaging Studies
This work was published in 2014.
Pursey, K.M., Stanwell, P., Callister, R.J., Brain, K., Collins, C.E., and Burrows, T.L.
“Neural responses to visual food cues according to weight status: A systematic review
of functional magnetic resonance imaging studies.” Frontiers in Nutrition, February,
2014; 1: 7. doi: 10.3389/fnut.2014.00007.
The work presented in the manuscript was completed in collaboration with the coauthors (Appendix 13).
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2.1 Overview
Functional magnetic resonance imaging (fMRI) has become an increasingly popular
technique to assess neural responsivity to food intake and food cues. However, when
this thesis was commenced, no published reviews had systematically appraised
available articles to identify common or divergent patterns across studies that have
used fMRI to investigate neural activation to visual food cues. In addition, it was
unclear as to whether weight loss alters neural responses to visual food cues. The
primary aim of this review was to systematically appraise published studies regarding
neural responses to visual food cues, as assessed via fMRI, and to meta-analyse
changes in brain activation before and after weight loss. This Chapter aligns with
Secondary Aim 1 and begins verbatim from Section 2.2.

2.2 Abstract
Emerging evidence from recent neuroimaging studies suggests that specific food
related behaviors contribute to the development of obesity. The aim of this review was
to report the neural responses to visual food cues, as assessed by functional magnetic
resonance imaging (fMRI), in humans of differing weight status. Published studies to
2014 were retrieved and included if they used visual food cues, studied humans >18
years old, reported weight status, and included fMRI outcomes. Sixty studies were
identified that investigated the neural responses of healthy weight participants (n=26),
healthy weight compared to obese participants (n=17), and weight loss interventions
(n=12). High calorie food images were used in the majority of studies (n=36), however,
image selection justification was only provided in 19 studies. Obese individuals had
increased activation of reward-related brain areas including the insula and
orbitofrontal cortex in response to visual food cues compared to healthy weight
individuals, and this was particularly evident in response to energy dense cues.
Additionally, obese individuals were more responsive to food images when satiated.
Meta-analysis of changes in neural activation post- weight loss revealed small areas of
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convergence across studies in brain areas related to emotion, memory and learning,
including the cingulate gyrus, lentiform nucleus and precuneus. Differential activation
patterns to visual food cues were observed between obese, healthy weight and weight
loss populations. Future studies require standardization of nutrition variables and
fMRI outcomes to enable more direct comparisons between studies.

2.3 Introduction
The prevalence of obesity is increasing rapidly (10) with 33.6% of people in the United
States classified as overweight and 34.9% classified as obese in 2011-12 (263). Obesity
increases the risk for a variety of lifestyle diseases including cardiovascular disease,
hypertension, diabetes, some cancers (264), as well as reduced quality of life (265). To
minimize the substantial economic and health burden of obesity, numerous
approaches have been used to target overweight and obese individuals to facilitate
weight loss, including lifestyle and surgical interventions (266). Weight-loss
interventions focusing on behavioral changes such as dietary modifications and
increased physical activity are commonly used; however, these have demonstrated
variable effects on weight loss and its long term maintenance (267). Recently, there has
been interest in the possible role that neural mechanisms play in the development and
maintenance of obesity. In addition, increasing attention has been given to
investigating the impact these neural mechanisms may have on weight loss and
maintenance.
It has been suggested that neural responses to specific foods parallel those that are
observed in drug dependence and chronic addiction (83, 108). To date, neuroimaging
techniques, such as functional magnetic resonance imaging (fMRI), have provided a
technique to report the activation of reward-related brain regions in response to food.
Visual and olfactory food cues as well as actual food intake have been shown to
activate similar brain regions to that of illicit drugs (197, 211-213, 268) in susceptible
individuals (190, 269). These fMRI studies provide new insights into the neurobiology
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of eating behavior and food cue responsivity, and suggest that abnormal eating
behaviors such as overeating in obesity involve alterations in an individual’s
neurocircuitry (197, 211). This could have a significant impact on weight status, and
potentially contribute to the current prevalence of obesity. Additionally, alterations in
neurocircuitry could provide an explanation for some of the lack of effectiveness of
weight loss interventions, as well as maintenance of weight loss in susceptible
individuals (36-38).
Many fMRI studies have attempted to identify the neural correlates of eating behavior
that could potentially lead to obesity. A great deal of heterogeneity, however, is
evident in study design and methodological techniques across the available studies to
date (270-272). Previous literature on the neural processing of visual food cues has
identified alterations in limbic, paralimbic and frontal brain circuits. These brain areas
are associated with emotional salience, memory, reward, and cognitive and visual
processing. Furthermore, motivational state, weight status and energy density of
presented foods have been reported to affect neural responses (271-275). Reviews of the
literature investigating neural responses to food cues to date have included individuals
with eating disorders or used multiple stimuli modalities such as taste. These
approaches may affect neural responses to food cues (271) or recruit multiple
anatomical centres in the brain (272, 276).
Specific meta-analysis has emerged as a method to overcome the heterogeneity in fMRI
studies. Activation likelihood estimation (ALE) meta-analysis is a technique that
integrates findings of fMRI experiments to identify common or divergent activation
patterns across a range of studies, using standardized brain coordinates. Existing ALE
meta-analyses assessing neural activation of healthy weight individuals to visual food
cues have shown that the hunger-state and salience of the presented food items alters
activity in brain regions associated with arousal, reward processing, attention, visual
processing and memory of previous food experiences (273). Subsequent meta-analyses
52

have found that overweight and obese individuals have altered activity in brain
regions associated with related-cue processing, decision making, anticipation, caloric
appraisal, arousal and memory (274, 275).
Currently, the process by which the human brain integrates food signals to produce
maladaptive eating behaviors such as overeating in obesity is largely unknown and
warrants further investigation. No studies to date have systematically reviewed the
neural responses to visual food cues across all weight categories in individuals who do
not have a diagnosed history of abnormal eating behavior such as an eating disorder.
Additionally, no studies have systematically reviewed published studies or applied
meta-analytical techniques to neural responses to visual food cues pre- and postweight loss. This is important as it could have implications for the development of
more effective weight-loss treatments and maintenance of lost weight.
The aim of this systematic review was to examine published literature related to neural
activation, as measured by fMRI, in response to visual food cues by weight status. The
primary aim of the review was to determine whether differential neural responses are
observed when viewing visual food cues based on body mass index (BMI) category. A
secondary aim of the review was to determine whether different neural activation
patterns are observed in response to viewing food compared to non-food cues in
individuals before and after weight loss.

2.4 Methods
A review was undertaken to identify published studies in the English language that
used fMRI as a primary outcome measure of neural responses to visual food cues from
1973 to March 2014. This process is outlined in Figure 2-1.
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Figure 2-1 Flow diagram of studies included in the review.
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Initially, electronic databases were searched including: MEDLINE, The Cochrane
Library, EMBASE (Excerpta Medica Database), CINAHL (Cumulative Index to
Nursing and Allied Health), Informit Health Collection, Proquest, Web of Science,
Scopus and PsycINFO. A predetermined list of keyword search terms was informed
and compiled from a preliminary search of the literature and expanded medical subject
headings (MeSH). Keywords were used individually and in combination and included:
functional magnetic resonance imaging (fMRI), blood oxygen level dependent (BOLD),
functional

imaging,

BOLD

signal,

BOLD

effect,

oxyhaemoglobin,

and

deoxyhaemoglobin, reward, overeating, addiction, process addiction, food addiction,
binge, craving, dopamine. In addition, electronic searches were supplemented by
systematically checking reference lists of relevant publications.
Following the removal of duplicate references, titles and abstracts of identified studies
were assessed by two independent reviewers (KP and PS). A predetermined inclusion
criterion was applied to determine the study’s eligibility in the review. Studies were
included if they investigated an adult population (>18 years of age), used visual food
cues, reported weight status and included fMRI as an outcome measure. Studies
reporting a range of BMI categories were included to examine the relationship between
neural activation and weight status. Healthy weight individuals were included in the
review to act as a comparative group for examining brain activation to visual food cues
across all weight status categories. Studies involving participants with a previous or
current eating disorder including anorexia nervosa, bulimia nervosa and binge eating
disorder were excluded, as these participants may have variable responses to food cues
that could be attributed to the diagnosis of an eating disorder. Additionally, children or
adolescents (<18 years of age); participants with mental and neurological disorders
including

Prader

Willi

Syndrome;

pharmacological

interventions

and

fMRI

investigations into food intake alone were excluded in keeping with studies included
in this review (181, 217, 277, 278). If a study included a population meeting the
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exclusion criteria but reported fMRI outcomes separately for healthy weight and
overweight/obese participants, only data on the healthy weight and overweight/ obese
population was reported in the review. Articles were retrieved for all studies that met
the inclusion criteria. If eligibility was unclear, the article was retrieved for further
clarification.
Studies were quality checked by two independent reviewers using a standardized 10question tool (279). The assessed quality criteria included the source of funding,
method of sample selection, intervention description, study blinding and statistical
analysis. Four of the quality criteria were designated as “important” and needed to be
met to receive a high quality rating. These included: sample selection, comparability of
study groups, intervention description and validity and reliability of outcome
measures. An overall classification quality was assigned to each study. Studies were
classified as positive quality if >5/10 criteria were satisfied and all important criteria
were met. If the majority of criteria were satisfied but at least one of the important
criteria was not met, the study was classified as neutral quality. If the majority of the
criteria (>5/10) or important questions (≥2/4) were not satisfied, the study was classified
as negative quality. Criteria were classified as “unclear” if the reviewers could not
determine whether criteria were met from the detail provided in the published article.
Additionally, quality related fMRI outcomes such as cluster size and volume were
extracted and reported in the review. No studies were excluded based on quality
ratings. Data were extracted using standardized tables developed for the review. In
cases of uncertainty of a study’s inclusion, quality assessment or data extraction were
resolved by the consultation of a third independent reviewer until consensus was
reached.
Studies were grouped and analyzed by BMI using the World Health Association
(WHO) classification i.e., underweight (<18.49 kg/m2), healthy weight (18.00-24.99
kg/m2), overweight (25.00 - 29.99 kg/m2) or obese (>30.00 kg/m2) (11). Four groups were
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created for analysis including: 1) studies that compared healthy weight individuals to
overweight/obese individuals; 2) studies investigating individuals pre- and postweight loss; 3) studies of healthy weight individuals only; 4) studies of
overweight/obese individuals only. For the purposes of this study, individuals
classified as underweight using the WHO cut points were included in the healthy
weight category. Additionally, in studies where BMI spanned a number of categories,
the mean BMI was used to classify the study into a specific weight category.

2.4.1 Meta-analysis
To determine the convergence of reported coordinates across studies investigating
changes in neural responses pre- and post- weight loss, a meta-analysis was
undertaken

using

the

Brainmap

GingerALE

software

(http://www.brainmap.org/index.html). The inclusion criteria for the meta-analysis
were identical to the systematic review criteria. In addition, studies were required to
report fMRI outcomes of changes in neural activation to visual food cues pre- to postweight loss (surgical and behavioral) using either Talairach or Montreal Neurological
Institute (MNI) coordinates. Only articles reporting whole brain analysis results were
included as region of interest analysis is known to inflate activation findings (280).
Papers reporting Talairach coordinates were converted to MNI coordinates prior to
analysis using the GingerALE software.
ALE meta-analysis applies a statistical modeling technique (280) that uses reported
brain coordinates and adjusts for between-subject and between-template variance to
generate a 3-dimensional Gaussian kernel. Subsequently, a modeled activation (MA)
map is created and individual maps are combined to generate an experimental ALE
map. The experimental map is tested against an ALE null distribution map,
representing the null hypothesis that there is random variation between activation
across the meta-analyzed studies, when the within-study variation remains fixed. A
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random effects model is applied, which assumes convergence between different
studies that is above chance.
A statistical threshold of P <0.05 False Discovery Rate (FDR), corrected for multiple
comparisons and a minimum cluster size of 100 mm3 was set. This is consistent with
previous meta-analyses in this area to control for publication bias with respect to the
reporting of foci (273-275). Results of meta-analyses are presented using the Mango
software package (http://rii.uthscsa.edu/mango/).

2.5 Results
The search strategy identified 1586 articles, 216 articles were screened for inclusion
with 64 articles describing 60 studies included in the final analysis (30, 181, 204, 216,
217, 277, 278, 281-337) as described in Supplementary Table 1. The primary reasons for
exclusion were: the article did not meet inclusion criteria for study design (n=60); no
relevant outcome was studied (n=58); and the study investigated a population not
specified in the inclusion criteria (n=35). Three additional studies were excluded as
they did not report BMI or weight status of participants (338-340).
A total of 1565 participants were included across the studies (mean 26, range 5-100).
Age ranged from 18-66 years with the most commonly studied age group being 18-35
year olds (n=42 studies) (181, 204, 216, 217, 277, 281-291, 293, 305-311, 313-317, 319-331,
334, 336, 337) Participants were predominantly female and right handed with 26 of the
studies exclusively recruiting females (181, 204, 216, 277, 281, 291, 293, 294, 301-304,
310, 311, 315-317, 320, 321, 323-326, 328-330, 335-337). The majority of studies were
published post 2009 (n=53, 83%) and used a within participants crossover design (n=25,
42%). No randomized control trials were retrieved by the search criteria.
Seventeen of the included studies compared both obese and healthy weight
participants in the same study (204, 216, 217, 277, 278, 281-293). Twelve reported
outcomes from pre- to post- weight loss (30, 294-304). Methods of weight loss included
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bariatric surgery (n=7) (294, 295, 297, 298, 302-304) and behavioral nutrition and
lifestyle interventions (n=5) (30, 298-301) with follow up in these studies ranging from
one month to twelve months. Weight loss ranged from 3.4%-25% of original body mass
in these studies. Five of the included studies were exclusively conducted in overweight
or obese participants (BMI ≥25.00kg/m2) (333-337) and 26 studied individuals with a
mean BMI in the healthy weight range (BMI <25.00kg/m2) (181, 305-332). However,
eight of the healthy weight studies included participants with BMI’s spanning from the
underweight category to the overweight/obese category (181, 312, 314, 319, 323, 324,
326, 327).
As outlined in Supplementary Table 1, 30 studies (50%) used participants who were
fasted prior to fMRI scans (range 2 hours-24 hours) (30, 181, 204, 217, 277, 278, 288-290,
292, 293, 296, 299, 300, 309, 312, 318, 320, 322-327, 331, 332, 335-337). Seven studied
satiated participants (216, 291, 294, 303-305, 321, 328-330) and 23 investigated neural
responses in both fasted and satiated conditions (278, 281-287, 297, 298, 301, 302, 306308, 310, 311, 313-317, 319, 333, 334). The most common variables other than fMRI
assessed in the included studies were hunger (n=34 studies), appetite (n=10 studies)
and liking ratings of presented foods (n=10 studies).
Food images used in the studies were described by their authors as “high calorie’”
foods in 36 of the 60 studies (181, 204, 216, 217, 277, 283, 286, 288, 289, 291-296, 299-306,
309-311, 313, 314, 316, 321, 323-326, 328-333, 335-337) and included foods such as
chocolate, chips, hamburgers. Foods described as “low calorie” foods were used in 32
studies (216, 217, 283, 286, 288, 290, 292-294, 296, 299-306, 309-311, 313, 314, 316, 323326, 328-333, 335-337) and included foods such as fruit and vegetables. The actual
calorific values for foods were only reported in seven of the studies (216, 283, 302-304,
323, 333). No studies reported the use of a dietitian or nutritionist in the selection or
classification of foods. Fifteen studies used foods based on the appeal and salience of
the food (e.g., “hedonic”, “palatable”, “appetizing”) (278, 281, 282, 289, 291, 297, 307,
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308, 315, 318, 320, 322-324, 326, 327). Food images were selected using pilot ratings of
palatability, perceived calorific value and recognizability of presented images in only
nineteen studies (278, 284, 285, 288, 291, 292, 297, 298, 306, 313, 315, 316, 319, 322, 324327, 331). Control images were used in the majority of studies (n=48) of the included
studies and varied greatly, including images of cars; office equipment; landscapes; and
blurred images.
Block design was used in 38 of the studies (30, 216, 217, 278, 282, 283, 285-290, 292-298,
300, 301, 305-309, 312-314, 316-318, 326-330, 332-334, 336, 337) and a 3 tesla (3T) magnet
was used most commonly to acquire imaging data (n=43) (30, 181, 204, 217, 277, 282,
284, 285, 287-293, 295-298, 300, 301, 305-308, 310-314, 316-318, 320, 321, 323-327, 332,
334-337) (Supplementary Table 3). The imaging plane most commonly used to acquire
images of the brain was the transverse plane parallel to the anterior commissure
posterior commissure line (AC-PC line) (n=18).The method of reporting fMRI results
was variable across the range of studies. All studies excluding two reported Talairach
or MNI coordinates, but only 32 (53%) studies reported cluster size or volume of
activation (283, 286, 287, 289, 291-293, 295-298, 300-304, 307-309, 311-314, 317, 319, 322,
323, 326, 329-331, 333, 336).

2.5.1 Healthy weight compared to overweight/obese
participants
Across studies comparing overweight and obese participants to healthy weight
controls, overweight/obese individuals had greater brain activity to foods compared to
non-foods in areas associated with a variety of functions in the context of food-cue
processing (341). This included areas associated with reward processing [insula (216,
277, 281, 289, 291), orbitofrontal cortex (OFC) (217, 277, 291)], reinforcement and
adaptive learning [amygdala (217, 278, 281, 291), putamen (216, 217, 289), OFC (217,
277, 291)], emotional processing [insula (216, 277, 281, 289, 291), amygdala (217, 278,
281, 291), cingulate gyrus (204, 292)], recollective and working memory [amygdala
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(217, 278, 281, 291), hippocampus (204, 217, 278, 281), thalamus (281, 289), posterior
cingulate cortex (216, 278), caudate (204, 216, 217)], executive functioning [prefrontal
cortex (PFC) (217, 291), caudate (204, 216, 217), cingulate gyrus (204, 292)], decision
making [OFC (217, 277, 291), PFC (217, 291), thalamus (281, 289)], and visual
processing [thalamus (281, 289), fusiform gyrus (278, 291)]. Additionally, obese
individuals displayed greater activation to food cues in areas involved in motor
learning and coordination such as hand-to-mouth movements and swallowing [insula
(216, 277, 281, 289, 291), putamen (216, 217, 289), thalamus (281, 289), caudate (204, 216,
217)] as well as risk aversion [inferior frontal gyrus (289, 292)]. These increases in brain
activity were particularly evident in response to high calorie foods compared to low
calorie foods. When satiated, increased activity was observed in obese compared to
healthy weight individuals in areas involved in decision making [PFC (282, 287), OFC
and caudate (286)], reward anticipation [anterior cingulate (281, 286) and OFC (281,
286)] as well as emotional processing [insula (281, 285), caudate (286) and amygdala
(281)]. Significant correlations between BMI and activation were reported in three
studies (216, 285, 292).

2.5.2 Weight change interventions
In three studies using a nutrition and lifestyle intervention, brain activation at the
commencement of the intervention was associated with degree of weight loss success
and maintenance. This included areas associated with reward processing and
anticipation [insula, anterior cingulate cortex, nucleus accumbens (300) and the OFC
(301)], decision making [PFC (299) and OFC (301)], and impulsivity [nucleus
accumbens and the anterior cingulate cortex (300)]. Participants who had successfully
lost and maintained weight loss displayed differential neural responses to food cues to
those of healthy weight participants in areas involved in emotion, memory and visual
processing [cingulate gyrus, parietal cortex (30)], and to that of obese participants in
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regions associated with emotion, impulse control and reward-based learning [PFC and
the anterior cingulate (296)].
In studies reporting pre- to post- bariatric surgery outcomes, reductions in activity
were reported in the insula and putamen. These areas are implicated in interoceptive
processing (297, 303) and reinforcement learning (302, 304), respectively. Further,
activation of the hypothalamus, which regulates hunger and subsequent food intake,
following gastric bypass surgery resembled the responses of healthy weight
individuals more closely than responses of obese individuals. More successful weight
loss in gastric bypass surgery was associated with increased baseline neural activity of
the dorsolateral PFC (295) and unique changes in activity were found depending on
the method of weight loss (i.e., behavioral or surgical) (298). A relationship between
BMI and activation of areas involved in reward anticipation and impulsivity [anterior
cingulate cortex (295) and middle frontal gyrus (297)] was identified in two studies.

2.5.3 Healthy weight participants
The most common finding across studies of healthy weight participants was that
motivational state (i.e., fasted or satiated state) affected brain activation to food. Fasting
often increased responses to high calorie foods in areas associated with processing of
reward and stimuli salience [OFC (311, 314, 316, 317), striatum (310, 314, 317), insula
(314, 316)], decision making [OFC (311, 314, 316, 317), striatum (310, 314, 317)], implicit
learning [OFC (311, 314, 316, 317), putamen (311, 316)], and the processing of visual
cues [fusiform gyrus (313, 316, 319)]. Gender differences were identified in responses to
food cues with females displaying greater activation in a variety of brain regions
implicated in attention, emotion, recollective memory and decision making (312, 313,
319).
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2.5.4 Obese participants
In obese participants, food compared to non-food images activated areas including the
PFC, insula, amygdala, nucleus accumbens (336, 337) and cerebellum (334). These areas
are associated with numerous roles which could affect food cue processing including
executive functioning, reward processing and anticipation, reinforcement learning,
memory modulation and motor control. Females showed greater activation in the
caudate and OFC when fasted and greater activation in the anterior cingulate cortex
when satiated (333). Abdominal adiposity predicted brain activity in one study (337).

2.5.5 Results of the ALE Meta-analysis
As only one study reported increases in brain activation following weight loss, only
studies reporting decreases in neural activation from pre- to post-weight loss were
included in the meta-analysis. Five studies describing seven experiments were
identified that met the meta-analysis inclusion criteria with 45 participants and 41 foci
(300-304). The meta-analysis identified 13 clusters which survived statistical
thresholds, as demonstrated in Figure 2-2. The largest cluster was the left superior
temporal gyrus (MNI: -40, -48, 6), as described in Supplementary Table 4. Other
clusters surviving statistical thresholds included right middle frontal gyrus (MNI: 32,
34, 34), left lentiform nucleus (MNI: -12, 0, -2), left cingulate gyrus (MNI: -4, -34, 26,),
and right precentral gyrus (MNI: 40, 0, 42).
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z=42

y=-26

x=0

Figure 2-2: Axial (z), coronal (y), and sagittal views (x) of decreased activation in studies comparing
neural activation to visual food cues from pre- to post- weight loss, as detected by fMRI.
3
FDR corrected P<0.05, cluster size >100cm , region of interest studies excluded. Figure shows
decreased activation from pre- to post- weight loss in the cingulate gyrus, middle frontal gyrus,
and precuneus.
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2.6 Discussion
This is the first systematic review to investigate neural responses to visual food cues
across all weight categories and provide a meta-analysis of neural changes before and
after weight loss. This review highlights that neural responses to visual food cues differ
depending on the weight status of individuals, and changes in neural activation
patterns are observed pre- to post- weight loss. More specifically, obese individuals
compared to healthy weight had increased activation to foods compared to non-foods,
and this was most pronounced in response to energy dense foods. This was evident in
brain regions associated with the anticipation of the rewarding value of the food,
emotion and memory associated with previous experiences with the food, and visual
processing of the food cues. Obese individuals were more responsive to food cues in
the satiated state compared to healthy weight individuals. Additionally, weight loss
reduced neural responses in areas related to executive functioning, impulsivity and
reinforcement learning to visual food cues, despite differences in the modality of the
intervention. However, inconsistent activation patterns were reported across studies
which may be attributable to the variety of participant groups recruited, pre-scan
preparation, and the chosen fMRI parameters (e.g., block design vs. event-related). The
fMRI findings of the current review are consistent with previous published reviews in
the area (270-272).
When comparing healthy weight and overweight/obese participants, increased reward
related responses to food (e.g., insula and OFC), particularly high calorie foods,
compared to non-food were found in obese participants. It has been suggested that
obesity may be linked to an increase in neural related reward anticipation from food
cues, and a decrease in reward during food consumption. This could potentiate
overeating to compensate for imbalances in the neural reward pathways and
subsequent diminished experience of reward (97, 108). Although only three studies
reported a correlation between neural responses and BMI (216, 285, 292), the increased
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responses reported in these studies of obese participants compared to normal weight
participants may explain some individual’s vulnerability to overeating, food cues and
possible diet failures (108, 197). Similar findings have been reported by Garcia-Garcia
et al. and Asmaro et al. who noted differential activation patterns between obese and
healthy weight individuals to the sight of food, particularly in reward-related regions.
However, individuals with binge eating disorder and studies using taste stimuli were
also included in previous reviews which may have recruited additional areas of the
brain and potentially confound the findings of these studies.
This review extends current literature regarding neural responses to visual food cues
by examining brain activation by weight status category (i.e., healthy weight,
overweight/obese) as well as pre- post- weight loss responses. Results from weight loss
studies suggest that gastric bypass surgery reduces reward responses from pre- to
post- surgery (295, 297, 302-304). Although consistent reductions in neural activation
were observed irrespective of method of weight loss, changes in activation via surgical
weight loss differed to activation changes observed in behavioral weight loss that
focused on diet and exercise (298). Interestingly, in both behavioral and surgical
interventions, brain activity prior to weight loss in areas related to reward anticipation
and impulsivity (e.g., anterior cingulate cortex and nucleus accumbens), and decision
making (dorsolateral PFC) predicted degree of weight loss success. This provides
insight that both surgical and behavioral weight loss may be underpinned by a neural
mechanism as well as restriction of the amount of food consumed. In addition,
individuals who had maintained successful weight loss showed increased neural
activity in regions associated with inhibitory control compared to obese individuals
and increased responses in areas related to memory compared to healthy weight
individuals. (30, 296, 300, 301). The findings of the review highlight that neural-related
mechanisms may make some people more predisposed to weight regain, despite
successful loss of weight. This may have important implications for obesity follow up
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and treatment, and provides evidence that neural mechanisms may affect weight loss
success or predict proneness to relapse. The high cost of MRI precludes large scale
scanning of subjects engaged in weight-loss programs, but use of fMRI in focused
clinical trials could be used to validate changes in neurocircuitry patterns associated
with successful maintenance of weight loss.
The results of the meta-analysis revealed that there were some small regions of
convergence of brain responsivity across weight loss interventions. Deactivation was
observed from pre- to post- weight loss in areas involved in emotion and memory (e.g.,
cingulate gyrus and precuneus), visual processing (e.g., superior occipital gyrus),
learning centres (e.g., lentiform nucleus and cingulate gyrus) and motor regions (e.g.,
precentral gyrus and lentiform nucleus) (341). This may imply that individuals who
have experienced weight loss regardless of modality also have changes in neural
activation associated with memory and emotion of previous experiences with the food
as well as alterations in the processing of external food inputs. This also suggests that
individuals who have experienced weight loss have corresponding changes in
activation based on behaviors that are implicitly learned or reinforced during weight
loss interventions. Additionally, it appears that weight loss could result in changes in
the planning and regulation of movements associated with eating such as reaching to
obtain the food, chewing and swallowing. Although several areas survived statistical
thresholds, volume of activation was small. This suggests that while there were
commonalities across studies regarding reductions in neural activity to food cues
across weight loss interventions, the areas of congruence are minimal. This is likely due
to the overall number of studies included and the pooling of different modalities of
weight loss into a single meta-analysis and thus results should be interpreted
accordingly.
Significant differences were found depending on the participant’s motivational state
across all weight categories, although fasting times were inconsistent across studies.
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Obese individuals were found to have activation consistent with continued reward
processing (e.g., PFC, OFC, caudate) and emotional responses (e.g., insula, caudate,
amygdala) to food cues following a meal compared to healthy weight controls. That is,
obese individuals appear to be more reactive to high calorie foods and have continued
reward processing even following a meal. These findings are consistent with previous
literature in this area (272, 274, 275). This is significant as it could provide a neural
mechanism for overeating in obese individuals, with neural stimulation even in the
state of satiety. In the fasting state, obese individuals were found to have increased
activation in areas associated with the anticipation of reward while healthy weight
controls were found to have greater activation in areas associated with cognitive
control. This suggests that BMI and the hunger-state will greatly affect an individual’s
natural desire for food and food reward responsiveness, as well as food choices and
subsequent caloric intake (269). This provides preliminary data that could be used in
weight interventions regarding meal timing to avoid excessive anticipation for food
and subsequent overeating. In addition, notable gender bias was found in the current
review, with females displaying differential activation patterns compared to males in
regions associated with reward anticipation, food motivation and inhibitory control
based on motivational state, i.e., fasted or satiated. (312, 313, 319, 333). This may
indicate that gender influences an individual’s susceptibility to addictive-like eating
behaviors.
The term ‘food addiction’ has emerged and is being used increasingly in lay literature
(342, 343) in association with specific eating patterns and rising levels of obesity (273,
279, 322, 341, 344). It has been postulated that food addiction is associated with specific
food-related behaviors including: tolerance to large amounts of food, persistent desire
or craving for specific foods and lack of control over the amount of food consumed
(322). In this way food addiction would share similar clinical characteristics that
overlap with drug dependence and other common types of addiction, as defined by the
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Diagnostic and Statistical manual of Mental Disorders version 5 (DSM-V) (32, 181-183,
322). Although there is debate regarding to the inclusion of food addiction as a DSM-V
eating and feeding disorder (264), currently no universally accepted definition for food
addiction exists. Findings from this review provide preliminary support for the food
addiction hypothesis. Areas of the reward network including the mesolimbic and
nigrostriatal regions, which have been implicated in other addictions including drug
and alcohol abuse, were activated in response to visual food cues. However, there is a
great deal of variation in the brain areas activated across reviewed studies, as well as
the experimental conditions used (e.g., motivational state, images presented, fMRI
parameters). This indicates that further research utilising a standardized approach is
required to substantiate study findings to either support or refute the existence of food
addiction as a distinct phenomenon. This is in line with the findings of Ziauddeen et al.
(270) who concluded that while neural activation in healthy weight individuals is
somewhat consistent across studies, activation in obese and binge eaters is too varied
to categorically confirm the existence of food addiction.
Although little evidence exists to confirm the types of food associated with food
addiction, it is commonly assumed that ‘junk foods’ high in calories, sugar and fat such
as chocolate and potato chips are typical foci of addictive-like tendencies such as
craving (278, 321, 345). The range of classifications given to food images in this review
such as “high” and “low” calorie foods and “palatable” and “bland” foods appears
subjective and arbitrary, with no studies consulting a dietitian or nutritionist. Only
seven studies specifically identified actual calorific values of foods and the majority of
studies did not pilot test images or provide rationale for their selection of presented
foods. The selection of foods in research studies is important to ascertain if it is a
universal chemical component of food, (e.g., selection based sugar or fat content), a
whole category of food (e.g., selection of ‘junk food’) or more simply a personal
preference (e.g., selection by administering a pre-scan survey) that could make a food
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more likely to be overeaten. This could provide further insight into whether food
addiction is a plausible phenomenon. Furthermore, the range of control images
presented were variable and included cars, landscapes and blurred images. As these
images were not standardized across studies, it is unknown as to whether these
assorted images may elicit different neural patterns from one another based on their
perceived valence and arousal. The variability of food images used in studies has been
previously acknowledged and a database of standardized pictures based on image
characteristics and nutrient composition has recently been developed (346). Future
studies should consider the use of such a database to facilitate the standardization of
images and comparability across studies.
The design of an experimental paradigm for fMRI studies requires extensive planning
including behavioral predictions of cognitive tasks and the formulation of a hypothesis
to inform the task conditions and image acquisition parameters. Ideally, fMRI
experiments cover the whole brain with the highest spatial resolution achievable in the
shortest time. The trans-axial plane is usually chosen to cover the whole brain in as few
slices as possible. In some cases, the acquisition plane is angled to avoid regions of high
magnetic susceptibility (e.g., air-tissue and bone-tissue interfaces) that can adversely
affect image quality, such as in targeting the reward network. The block design has
dominated fMRI due to its ease of implementation, robustness of results, increased
statistical power and relatively large BOLD signal relative to baseline (347, 348).
However, blocked paradigms have poorer temporal resolution and are susceptible to
stimulus correlated movement artifacts. Event-related paradigms measure responses to
single events (typically over 0.5 sec), and then combine a large number of those events
to improve statistical power. This is advantageous to detect transient variations in
hemodynamic responses, reduce the subject’s ability to predict the next event, and
allows for post hoc sorting of trials and correlations with other variables (347, 348).
Generally, blocked paradigms are most useful to localize activation in brain regions
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associated with a particular task while event-related paradigms allow for a more in
depth investigation of the response profile in an identified brain region.
Across the reviewed studies, fMRI results were not reported in a consistent method.
Talairach or MNI coordinates, used to describe the location of brain structures
independent from individual differences in the size and overall shape of the brain,
were reported in the majority of studies. Using the standardized coordinates allows the
comparison of brain region activation with other studies, increasing the power of
results when combined and can provide a method for meta-analysis (276). Cluster size
or volume indicates that the area of neural activation reported in the study is large
enough to be statistically plausible rather than just an error in measurement,
improving the quality of the study (349). Only half of the studies included in the
review reported cluster size or volume.
This review is limited by the heterogeneity of study variables used across the reviewed
articles, making direct comparisons between studies difficult. As a limited number of
studies met the inclusion criteria for the meta-analysis comparing pre- and postweight loss activation changes, a single exploratory meta-analysis was undertaken
combining both surgical and behavioral weight loss interventions. The pooling of
different methods of weight loss could impact the findings of the meta-analysis.
However, this data provides insight into neural activation following weight loss,
regardless of modality, which needs to be substantiated in future research when more
studies have been published in this area. The quality of reporting BMI was inconsistent
across studies, with participant groups containing BMI ranges that corresponded with
more than one of the WHO categories (299). This could affect possible relationships
between fMRI outcomes and weight status. As BMI can be affected by numerous
factors including muscle mass, adiposity or body fat percentage is a more reflective
measure of obesity assessment and should be considered for use in future studies. The
majority of reviewed articles studied adult female participants exclusively, potentially
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limiting the generalizability of the study findings to other population groups. Finally,
the broad age range of the study participants could be a potential limitation of the
review, with previous studies showing age related changes in neural activity including
reduced sensitivity of brain areas associated with satiety (350).
Strengths of this review include the standardization of populations studied and stimuli
used to visual food cues exclusively. The use of different stimuli modalities including
food consumption (215, 351-361), odors (362-364) and intravenous infusion (365)
recruits additional areas of the brain including taste, texture, olfactory and food intake
centres, potentially confounding results. Only visual food cues have been included in
the current review in order to minimize the activation of additional areas of the brain.
Additionally, the exclusion of different populations, including children and
adolescents (366, 367), eating disorders including binge eating disorder, anorexia
nervosa and bulimia nervosa (368-373), and neurological disorders (287, 374), reduces
the chance of additional confounding factors contributing to the variations in neural
responses to visual food cues. This exclusion criteria is consistent with previous
literature in the field (217, 286, 291).
It is recommended that future studies report detailed nutritional information of images
presented during scanning and BMI classification using the WHO guidelines. This field
of research requires the involvement of a multidisciplinary team including imaging
specialists, neuroscientists, psychologists and dietitians to ensure high quality study
design. Further, studies should use validated eating behavior questionnaires and use
within participant cross-over study design to investigate the impact of motivational
state on neural responses. Weight loss studies using fMRI as an outcome measure
should routinely report brain co-ordinates, cluster size and threshold. Future metaanalyses in this area should investigate responsivity to food cues by specific mode of
weight loss (i.e., surgical or behavioral) as these are likely to elicit different changes in
neural responses.
72

2.7 Conclusion
This review found that neural activation differed based on weight status with obese
individuals displaying increased responses to food compared to non-food and
continued responsivity to food following a meal. This suggests that neural activity to
food cues could be an additional mechanism contributing to the pathogenesis of
overeating and subsequent weight gain. Regions of activation differed across the
reviewed studies due to a wide range of study conditions used and inconsistency in
reporting of findings. The meta-analysis undertaken revealed changes in brain
activation patterns following weight loss. However, the small cluster sizes suggests
that there is minimal congruence of neural activation across weight loss studies. Future
fMRI studies examining neural activation in response to visual food cues should
standardize reporting of nutrition variables and fMRI outcomes to allow for more
direct comparisons between studies.
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3.1 Overview
The Yale Food Addiction Scale (YFAS) is the only tool that has been specifically
designed to assess addictive-like eating behaviours. Despite a number of published
narrative reviews regarding addictive-like eating (5, 375), no reviews have
systematically appraised studies that have used the YFAS to identify gaps in the
literature base that require further investigation. The aim of this chapter was to
systematically review studies that have used the YFAS up to 2014 and meta-analyse the
YFAS scoring outputs, “symptom scores” and food addiction “diagnosis”, across
published studies. This Chapter aligns with Secondary Aim 2 and begins verbatim
from Section 3.2.

3.2 Abstract
Obesity is a global issue and it has been suggested that an addiction to certain foods
could be a factor contributing to overeating and subsequent obesity. Only one tool, the
Yale Food Addiction Scale (YFAS) has been developed to specifically assess food
addiction. This review aimed to determine the prevalence of food addiction diagnosis
and symptom scores, as assessed by the YFAS. Published studies to July 2014 were
included if they reported the YFAS diagnosis or symptom score and were published in
the English language. Twenty-five studies were identified including a total of 196,211
predominantly female, overweight/obese participants (60%). Using meta-analysis, the
weighted mean prevalence of YFAS food addiction diagnosis was 19.9%. Food
addiction diagnosis was found to be higher in adults aged >35 years, females, and
overweight/obese participants. Additionally, YFAS diagnosis and symptom score was
higher in clinical samples compared to non-clinical counterparts. YFAS outcomes were
related to a range of other eating behavior measures and anthropometrics. Further
research is required to explore YFAS outcomes across a broader spectrum of ages,
other types of eating disorders and in conjunction with weight loss interventions to
confirm the efficacy of the tool to assess for the presence of FA.
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3.3 Introduction
Obesity has been described as a global epidemic with 36.9% males and 38.0% females
worldwide classified as overweight or obese (10). This is significant given the increased
risk of chronic conditions associated with obesity such as cardiovascular disease and
type 2 diabetes (264), as well as psychological implications including decreased quality
of life and weight related social stigma (24). It has been suggested that an addiction to
certain types of food, particularly highly processed, hyper-palatable foods, could be a
factor contributing to overeating and obesity in parallel with dramatic changes in the
food environment (257). Negative perceptions similar to those related to obesity are
now associated with food addiction (FA) (376), but interestingly, obesity-related stigma
is reduced when it is framed in the context of FA (377).
The term ‘food addiction’ has been used in combination with specific eating behaviors
to describe an abnormal pattern of excessive consumption (121, 160, 378). While
behavioral addictions such as gambling have been recently recognized by the
Diagnostic and Statistical Manual of Mental Disorders (DSM) (164), there is no
consensus that FA is a clinical disorder nor is there a universally accepted definition for
FA. A widely used definition for FA has emerged by mapping the DSM-IV diagnostic
criteria for substance dependence to eating behaviors (160). These include: tolerance,
withdrawal symptoms, larger amounts consumed than intended, persistent desire or
unsuccessful attempts to cut down, much time spent using or recovering from
substance, continual use despite knowledge of consequences, activities given up due to
use of substance (164). While neuroimaging techniques have become a popular method
to explore FA, only one neuroimaging study has investigated the FA phenotype as
defined by the DSM substance dependence criteria (181). This study identified
similarities in neural responses between addictive-like eating and traditional addiction.
While there have been many more neuroimaging studies of obesity as a proxy for FA
(217, 286, 288, 300, 324), findings have been inconsistent (379). This may be because
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obesity is a heterogeneous condition and it is unclear as to the proportion of obese
participants included in these studies who are truly addicted to certain foods. There is,
however, preliminary evidence that dopaminergic brain circuits commonly associated
with substance dependence are also implicated in abnormal eating behaviors such as
overeating in obesity (274, 275). It is therefore possible that a physiological addiction to
food underpinned by neural mechanisms could help to explain some of the inefficacy
of current weight programs focusing on diet and exercise (267).
Despite an increase in the number of publications regarding FA (379), with a PubMed
search of ‘food addiction’ identifying 809 publications in the past five years alone, little
attention has been paid to the clinical assessment of FA. Terms synonymous with FA,
such as ‘food addict’ ‘chocoholic’ and ‘carb craver’, have been used in lay literature for
decades. However, the assessment of FA has largely relied on self-identification, used
elevated BMI as a proxy for FA or administered non-validated tools with no evidence
to support the use of specific assessment measures (257). This has led to variation in
reports of FA prevalence, with a lack of characterisation of the FA construct within
surveys and potential misclassification of individuals who could be considered as food
addicted. A variety of self-reported questionnaires has been used to assess addictive
food and eating tendencies. Existing tools such as the Food Cravings Questionnaire
(258, 259), Dutch Eating Behavior Questionnaire (260), Three Factor Eating
Questionnaire (261), and Power of Food Scale (262), have investigated possible
characteristics related to addictive eating such as restraint, disinhibition, impulsivity,
and craving. However, these addictive-like behaviors have usually been studied in
isolation.
A tool specifically designed to assess FA, the Yale Food Addiction Scale (YFAS) (143),
was developed in 2009 by modelling all of the DSM-IV for substance dependence to be
applicable to eating behavior. The development of the YFAS has allowed for the
exploration of potential FA across populations using a standardized tool. Previous
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research has demonstrated that the YFAS has sound psychometric properties including
adequate internal consistency (original validation study α= 0.86), as well as convergent,
discriminant, and incremental validity (143, 190). The YFAS uses two scoring options
including a FA symptom score and diagnosis. Participants are allocated a symptom
score from zero to seven corresponding with the number of DSM-IV diagnostic criteria
endorsed. Additionally, a “diagnosis” of FA is assigned to participants who endorse
three or more symptoms plus satisfy the clinical impairment criteria, in line with the
DSM-IV diagnosis of traditional substance dependence.
To the authors knowledge, only one study to date has provided an overview of how
the YFAS has been used to measure FA (5). No reviews to date have systematically
examined studies that have used the YFAS. Given that FA is a rapidly growing area of
research and the YFAS is the only currently available tool to assess FA, it is timely to
review how the tool has been used and applied in research and practice. This study
aimed to systematically review studies which have used the YFAS to assess FA and its
related symptoms and to subsequently conduct a meta-analysis of study outcomes. The
primary outcome of the review was to determine the prevalence of FA diagnosis and
symptom sub-scales across a variety of study populations. Other outcomes of the
review were to determine the prevalence of FA by age group, weight status and gender
to identify whether specific groups may be more predisposed to FA, and to determine
if there are any relationships between the YFAS and other eating related variables.

3.4 Methods
A systematic literature review was undertaken to identify published studies that used
the YFAS to assess FA diagnosis or symptom score from the year of tool development,
2009, to July 2014.
Electronic databases were searched to identify relevant publications. These included:
MEDLINE, The Cochrane Library, EMBASE (Excerpta Medica Database), CINAHL
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(Cumulative Index to Nursing and Allied Health), Informit Health Collection,
Proquest, Web of Science, Scopus and PsycINFO. Keywords were informed by
preliminary literature searches and were searched including: Yale Food Addiction
Scale, YFAS, questionnaire; food addiction, behavioral addiction, eating behavior,
obesity, food, eat, feeding behavior, food preferences, food habits, body mass index,
overeat, hyperphagia, substance related disorders, binge eating, hedonic eating. Both
the English and American spellings of behavior/behaviour were searched. Database
searches were supplemented by cited reference checks and systematic checking of
reference lists of identified articles for additional relevant publications. The search
strategy was registered with Prospero (380).
To determine eligibility for inclusion in the review, titles and abstracts of identified
studies were assessed by two independent reviewers using a predetermined inclusion
criterion. Studies were included if they used the YFAS or a modified form of the YFAS
to assess FA, reported either the YFAS diagnosis or symptom score, reported the
population demographics in detail and were published in the English language. The
articles for all studies meeting the inclusion criteria were retrieved. If a study’s
eligibility for inclusion was unclear, the article was retrieved for further clarification.
Quality of retrieved studies was assessed by two independent reviewers using a
standardized 9-item tool (381). The quality criteria included items such as the method
of sample selection, ways of dealing with confounding factors, reliability of outcome
measures, and statistical analysis. Each item was classified as present ‘Yes’, absent ‘No’
or ‘Unclear’ for each included study and then recoded each response as +1, 0 and -1
respectively. Items were classified as ‘non-applicable’ if the item was not relevant to
the study design and was scored as 0. High quality studies were deemed to have a
score of eight or above out of a maximum score of nine. No studies were excluded
based on quality ratings. Data were extracted using standardized tables developed for
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the review. In cases of uncertainty of a study’s inclusion, third independent reviewer
was consulted until consensus was reached.
Studies were tabulated in chronological order. Results are reported based on scoring
options used including: diagnosis of FA, YFAS symptom score and studies that
reported high and low FA scores. Studies were grouped by BMI, age and gender for
comparison in the systematic review and meta-analysis. As only two studies reported
the prevalence of FA diagnosis of a sample with a mean BMI in the overweight
category, studies of overweight or obese participants were grouped in a single category
for meta-analysis. Participants were classified as healthy weight if mean BMI <25kg/m2,
or classified as overweight/obese if mean BMI ≥25 kg/m2. Participants were classified as
children and adolescents (<18 years), young adults (18-35 years), and older adults (>35
years) to control for possible age related differences related to life stage (e.g. marital
status and household structure) as well as dietary patterns and nutrient intakes (382).
Where BMI or age ranged across numerous categories, mean BMI or age was used to
classify participants into a single category. If studies reported the prevalence of FA
diagnosis for a number of weight status categories separately, YFAS outcomes for the
specific weight category was entered into the respective analysis. Although one study
reported YFAS outcomes for adults aged >65 years separately, data for this study was
entered as a single data point in the meta-analysis to remain consistent across studies.
Participants were also grouped by clinical status for meta-analysis. For the metaanalysis of FA diagnosis, participants were grouped as having a current clinically
diagnosed eating disorder (e.g. binge eating disorder (BED), bulimia nervosa) as nondisordered eating if a no diagnosis of an eating disorder was present. Additionally, for
meta-analysis of symptom scores, participants were classified as a clinical population if
they were recruited from a clinical setting or had a current diagnosis of an eating
disorder, or as a non-clinical sample if they did not meet these criteria.
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Results were pooled using meta-analysis if the study reported the proportion of
individuals with a diagnosis or mean symptom score as well as the number of
participants. Due to the limited number of studies and lack of standardized definition
for studies reporting high and low FA groups, only diagnosis and symptom score were
included in the meta-analysis. Heterogeneity was tested during meta-analysis and if
significant heterogeneity was present, the random effects model was used for statistical
analysis. Sub-analysis by sex (male or female), weight status (healthy weight,
overweight or obese), age group (young adults 18 - 35 years or older adults > 35 years)
and clinical status (clinical vs non-clinical population) was also undertaken if there
were enough studies to conduct separate meta-analyses. As only one study reported
FA prevalence for children, this study was not included in the meta-analysis. Metaanalyses were conducted using Comprehensive Meta-Analysis Professional version 2
(Biostat, Inc., Englewood, New Jersey, USA). If details were not reported, authors were
contacted in an attempt to gain the information required.
The authors acknowledge that there is no universally accepted definition for FA,
however, terms such as ‘food addicted’ and ‘diagnosis’ are used for brevity in
subsequent sections of the paper and refer to the criteria used to diagnose FA as
stipulated by the YFAS.

3.5 Results
A total of 1148 articles were initially identified using the search strategy. Following the
removal of duplicate references and assessment of articles using the predefined
inclusion criterion, 28 relevant articles describing 25 studies were identified (Figure
3-1) (143, 181, 188, 190, 191, 195, 237, 344, 383-403). Primary reasons for exclusion
included the article being narrative in nature and the study including no outcomes
relevant to the review. The majority of studies were published from 2013 onwards
(n=18) (191, 195, 237, 344, 383-391, 393-398) and in the United States (n=15) (143, 181,
190, 191, 344, 384, 386, 387, 389, 390, 393-397). As shown in Supplementary Table 5, all
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studies were cross sectional in design excluding three (385, 394, 399), and only one
study assessed outcomes of the YFAS at more than one time point (385). Eight studies
included individuals seeking or participating in weight loss treatment (181, 190, 191,
237, 388-390, 395), while three studies included bariatric surgery candidates (344, 394,
403). Four studied individuals with a diagnosed eating disorder including BED and
bulimia nervosa (190, 191, 383, 387). Four studies reported a follow up assessment
period following the completion of the YFAS (seven weeks to nine months) (389, 390,
394, 395, 399). Only one study of these studies assessed and reported outcomes of the
YFAS at baseline and follow up after nine months (385).
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Figure 3-1: Flow diagram of studies included in the review.
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Critical appraisal of the quality of included studies is described in Supplementary
Table 6. Of the nine quality items, only one study was classified as high quality (a score
above eight) using the pre-defined quality scoring (386). Eight studies had a quality
score below four. Quality criteria including the control of confounders and handling of
withdrawals was poorly described across reviewed studies. Only five of the 25 studies
described characteristics of participants who were not included in the final study
sample and only fifteen studies described controlling for potential confounding
variable in detail. The criteria assessing adequacy of follow-up period was notapplicable to all studies excluding three, which may be attributable to the
overwhelming number of cross-sectional studies included in the review.
A total of 196,211 participants were examined across reviewed studies ranging from
one to 134,175 participants. Participants were predominantly female, with six studies
investigating females exclusively (181, 195, 386, 391, 392, 397, 399) and an additional
nine studies investigating a population with >70% female participants (190, 191, 384,
387-390, 393, 394, 400, 401). Age of included participants ranged from four to ninety
years. Fourteen studies included older adults aged >35 years (190, 191, 344, 386, 388390, 394, 395, 397-399, 403), ten studied younger adults aged from 18-35 years (143, 181,
188, 195, 237, 383-385, 387, 391-393, 400, 401), and one studied children and adolescents
<18 years (396). Seven studies investigated a healthy weight population (18.5-25 kg/m2)
(143, 195, 383, 386, 391-393), four studied an overweight population (25-30 kg/m2) (181,
384, 387, 398), and ten studied an obese population (>30kg/m2 (188, 190, 191, 237, 344,
385, 388-390, 394, 395, 403). Four studies did not specify the BMI or weight category of
participants (344, 396, 397, 399). However, the study conducted by Clark et al. (344)
investigated bariatric surgery patients who, according to Clinical Practice Guidelines,
would have been likely to have a BMI ≥35 kg/m2 (40).
The standard YFAS comprised of 25 self-report questions was used in 23 studies. Two
studies used the modified YFAS (m-YFAS) which consisted of nine core questions
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including one item for each symptom plus two items for clinical impairment and
distress (386, 397). The YFAS modified for children (YFAS-C) was used in one study
and consisted of 25 questions which were changed to age appropriate activities and a
lower reading level (396). Five of the reviewed studies were completed online (143, 344,
383, 386, 400, 401). Four studies specifically noted that the YFAS was translated into a
language other than English (Italian, German and French) (195, 383, 388, 401), and one
study changed the reporting period of twelve months used in the original YFAS to the
previous one month (389, 390) to give a more proximal indication of YFAS outcomes
following an intervention. Fifteen studies investigated both the YFAS diagnosis and
symptom score (143, 188, 190, 191, 195, 344, 383, 387-390, 393, 394, 396, 398, 403), five
used the symptom score exclusively (181, 384, 391, 392, 395, 400, 401) and four used the
diagnosis exclusively (237, 385, 386, 397). Two studies grouped participants as “high”
or “low” FA based on the number of YFAS symptoms endorsed (181, 391, 392). One of
these studies used this method of categorization as <5% of participants met the
diagnostic cut offs (181) while the second study gave no rationale for this method of
scoring (392). One study used a numerical point score with no description from the
authors regarding the meaning of this score (399).

3.5.1 Prevalence of FA diagnosis
Twenty-three studies reported the prevalence of FA diagnosis. As shown in
Supplementary Table 7, the proportion of the population samples meeting the
diagnostic criteria for FA ranged from 5.4% (398) to 56.8% (190). Twenty studies
reported the mean prevalence of FA for the whole sample and were meta-analyzed
(Table 3-1). Meta-analysis identified significant heterogeneity in the included studies
and thus the random effects model is reported. Meta-analysis revealed that this review
was not subject to publication bias.
The weighted mean prevalence of FA across all studies was 19.9% (Figure 3-2) (143,
188, 190, 191, 195, 237, 344, 383, 385-388, 390, 393-395, 397, 398, 400, 403). Prevalence of
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FA diagnosis was meta-analyzed by sex with a higher mean prevalence of FA in six
samples of females exclusively of 12.2% (188, 195, 237, 386, 395, 398) compared to 6.4%
in four samples of males (188, 237, 395, 398). When meta-analyzed by BMI category, the
mean prevalence of FA was considerably greater at 24.9% in fourteen studies
investigating overweight/obese individuals (Figure 3-2) (188, 190, 191, 237, 344, 385390, 394, 395, 398, 403) compared to 11.1% in six studies of healthy weight individuals
(Figure 3-4) (5, 143, 383, 393, 398, 400). The mean FA prevalence was lower in nine
samples of adults younger than 35 years of age at 17.0% (143, 188, 195, 237, 383, 385,
387, 393, 400) compared to 22.2% in eleven samples of adults aged over 35 years (190,
191, 344, 386, 388, 390, 394, 395, 397, 398, 403). However, in one study reporting the
outcomes of adults aged 62-88 years as well as adults aged 42-64 years, the prevalence
of FA diagnosis was lower in the older age group (2.7% and 8.4% respectively) (386). In
the single study of children and adolescents <18 years the prevalence of FA was 7.2%
(396).
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Table 3-1: Meta-analysis results of food addiction prevalence by gender, weight status, age, and
disordered eating status. Random effects model is reported.
Population group (n= # of studies)
Total (n=20)
Gender
Male (n=4)
Female (n=6)
Weight status
Healthy weight (n=5)a
Overweight/obese (n=13)b
Age group
Adults <35 years (n=9)
Adults >35 years (n=11)
Disordered eating
No clinically diagnosed disordered eating (n=16)
Clinically diagnosed disordered eating (n=4) c

a

2 b

Healthy weight BMI <25kg/m ,
bulimia nervosa samples.

Weighted mean
prevalence of food
addiction diagnosis (%)
19.9

95% Confidence
interval (%)

Range of prevalence
across all studies (%)

16.3, 24.0

5.4-56.8%

6.4
12.2

2.4, 16.0
6.4, 21.4

2.4-16.0
6.7-21.4

11.1
24.9

6.3, 18.9
14.2, 40.1

1.6-24.0
7.7-56.8

17.0
22.2

11.8, 23.9
17.7, 27.5

7.8-25.0
5.4-56.8

16.2
57.6

13.4, 19.4
35.3, 77.8

5.4- 25.0
26.1-62.0

Overweight/obese BMI ≥25kg/m ,

2 c
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Includes binge eating disorder and

Study name

Gearhardt 2013a
Eichen2013
Clark2013
Davis 2013
Burmeister 2013
Flint 2014
Davis 2011
Gearhardt 2009
Murphy2014
Mason2013
Meule2012c
Meule2012d
Pedram2013
Imperatori 2014
Pepino 2014
Davis 2014
Gearhardt 2012a
Brunault 2014
Meule2014c
Gearhardt 2014

Event rate and 95% CI
Event
rate

Lower
limit

Upper
limit

0.415
0.152
0.537
0.175
0.196
0.058
0.250
0.114
0.240
0.082
0.078
0.417
0.054
0.339
0.320
0.169
0.568
0.087
0.293
0.257
0.199

0.321
0.106
0.418
0.117
0.113
0.057
0.164
0.085
0.189
0.080
0.059
0.323
0.039
0.258
0.200
0.115
0.459
0.066
0.215
0.228
0.163

0.516
0.213
0.652
0.254
0.319
0.059
0.362
0.152
0.299
0.084
0.102
0.518
0.074
0.431
0.470
0.242
0.671
0.114
0.385
0.288
0.240
-1.00

-0.50

0.00

Figure 3-2: Meta-analysis of Yale Food Addiction Scale Diagnosis for all studies.
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0.50

1.00

Figure 3-3: Meta-analysis of Yale Food Addiction Scale Diagnosis for overweight/obese samples

Study name
Event Lower Upper
rate limit limit
Gearhardt 2009
Murphy 2014
Meule 2012c
Brunault 2014
Meule 2014c
Pedram 2013b

0.114
0.240
0.078
0.087
0.293
0.016
0.111

0.085
0.189
0.059
0.066
0.215
0.006
0.063

Event rate
and 95% CI

0.152
0.299
0.102
0.114
0.385
0.042
0.189
-1.00-0.50 0.00 0.50 1.00

Figure 3-4: Meta-analysis of Yale Food Addiction Scale Diagnosis for healthy weight samples
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When categorized by disordered eating status the mean prevalence of FA was 57.6% in
four samples with a clinically diagnosed eating disorder (190, 191, 195, 387) and 16.2%
in sixteen samples of individuals with no clinical diagnosis of disordered eating.
Prevalence of FA diagnosis in two studies of individuals with diagnosed BED was
41.5% and 56.8% (190, 191). The prevalence of FA diagnosis in individuals with a
current diagnosis of bulimia nervosa was 83.6% and 100%, while 30% of individuals
with a history of bulimia nervosa met the diagnostic criteria for FA (195, 387). In the
single study assessing FA at two time points, baseline and nine months, prevalence of
FA diagnosis was found to reduce from 32% to 2% following bariatric surgery which
following a mean weight loss of 20% original body mass (394).

3.5.2 Prevalence of FA symptoms
Sixteen studies reported the total number or specific symptoms endorsed by
participants. Eight studies reported the mean number of symptoms for the whole study
sample and were meta-analyzed (190, 191, 383, 387-390, 392, 393, 403). The weighted
mean number of symptoms reported was 2.8±0.4 (95% CI 2.0, 3.5) and ranged from 1.8
(393) to 4.6 (190) symptoms out of a possible total score of seven. Clinical samples (six
studies) endorsed a mean 4.0±0.5 symptoms (95% CI 3.1, 4.9) (190, 191, 195, 388-390,
403) while non-clinical samples (five studies) endorsed a mean 1.7±0.4 symptoms (95%
CI 0.9, 2.5) (195, 383, 387, 393). Seven studies reported the frequencies of specific FA
criteria and in five of these studies the most common symptom reported was ‘the
persistent desire or unsuccessful attempts to cut down foods’ (191, 195, 390, 396, 403). Other
commonly reported symptoms ranged based on the population studied.

3.5.3 Relationship of YFAS outcomes with other variables
Across the reviewed studies, YFAS diagnosis and symptom score were associated with
a variety of anthropometric measures. Specifically, higher BMI’s were related to higher
rates of FA diagnosis (386, 387, 397, 398) and number of symptoms endorsed (391-393,
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398). However, in one study of individuals with BN, FA diagnosis and higher
symptom scores were associated with a significantly lower BMI (195). Symptom score
was positively correlated with other measures of adiposity including waist-to-hip ratio,
percent body fat and trunk fat (398). One study identified a relationship between YFAS
symptom score and weight loss after a seven week behavioral weight loss intervention
(395) while a second study found no relationship between weight change after a six
month intervention and baseline YFAS outcomes (389).
In support of the results of the pooled meta-analysis, prevalence of FA diagnosis and
number of symptoms reported decreased with increasing age (386, 390) and females
were found to have a higher prevalence of FA diagnosis and higher symptom scores
(390, 398). Two studies identified ethnicity differences with one reporting higher FA
scores in African Americans (390) and a second reporting prevalence of FA diagnosis
to be higher in white females (386). However, other studies identified no differences in
FA prevalence based on ethnicity (191, 387). Diagnosis of FA was associated with
health indicators including high cholesterol, smoking and decreased physical activity
in one large scale epidemiological study (386).
Three studies examined relationships between the YFAS and foods or nutrients. Only
one of these used a standardized dietary assessment method (398). Individuals with a
FA diagnosis were reported to have a significantly greater proportion of energy intake
from fat (mean difference= +2.3%, p=0.04) and protein (mean difference= +1.1%, p=0.04)
compared to individuals with no FA diagnosis (398) as measured by the Willett Food
Frequency Questionnaire (404). A case study of potential cola dependence
demonstrated that YFAS scores reduced with a reduction in the amount of the cola
consumed (399). In addition, individuals classified as food addicted displayed greater
pre bariatric surgery cravings of starchy foods and fast foods (394). Interestingly,
methylphenidate, a drug known to decrease appetite, did not reduce snack food
consumption in individuals meeting the diagnostic criteria for FA (385). One study
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used brain activity, measured by functional magnetic resonance imaging (fMRI), to
assess neural responses to food cues and identified a positive correlation between
YFAS symptom score and brain activity in a similar pattern to drug and alcohol
addiction (181).
The YFAS was commonly assessed in combination with other tools including the Binge
Eating Scale (six studies) (143, 344, 383, 384, 388, 395), Eating Disorder Examination (six
studies) (188, 190, 191, 195, 387, 401), Food Craving Questionnaire (five studies) (188,
237, 385, 391, 392, 400, 401), Dutch Eating Behavior Questionnaire (five studies) (188,
195, 237, 394, 395), and the Beck Depression Inventory (four studies) (188, 190, 191,
390). Binge eating behaviors were higher in individuals meeting the diagnostic criteria
for FA (188, 195, 237, 344, 383, 387, 388) and the YFAS diagnosis accounted for 5.8%
unique variance in binge eating scores above and beyond other measures of eating
pathology (143). FA symptom scores were also positively associated with binge eating
behaviors (190, 191, 195, 344, 383, 388, 395), with symptom scores accounting for 614.8% unique variance in BED scores (143, 191, 344). Diagnosis of FA and symptom
score were positively associated with eating disorder psychopathology (190, 195, 344,
387, 388). Higher depression scores were related to diagnosis of FA (188, 190, 195, 386,
390) and higher symptom scores (190, 390-392, 395). Diagnosis of FA and symptom
score were significantly positively related to a variety of eating behavior variables
including emotional and external eating (181, 188, 237, 344, 395), food cravings (188,
237, 385, 394, 400-402), impulsivity (391, 392), hedonic eating and snacking on sweets
(188, 237), In one study assessing FA at two time points, bariatric surgery reduced food
cravings and restrained eating behavior in food addicts (394).

3.5.4 Comparison of ‘high’ vs ‘low’ FA
No standardized definition for ‘high’ and ‘low’ FA scores were used in the two studies
describing YFAS outcomes using this approach. In one of these studies, 35.8% were
classified as ‘high’ FA if they endorsed ≥3 symptoms and 28.2% as ‘low’ FA if they
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endorsed ≤1 symptom, with individuals with moderate FA scores excluded (181). The
second classified participants based on median split of symptom scores with 60%
participants subsequently classified as ‘high FA’ (2-4 symptoms) and 40% classified as
‘low FA’ (≤1 symptom) (391, 392). In studies using high and low FA groups, the high
FA group were significantly younger, had higher levels of attentional impulsivity,
faster reaction times to food cues (393) and had greater brain activation to food cues
compared to non-food addicts (181).

3.6 Discussion
This review aimed to systematically appraise studies that have used the YFAS to assess
the presence of FA diagnosis or FA symptoms in a specified population. Using metaanalysis, the weighted mean prevalence of FA diagnosis in adult population samples
was 19.9%. Meta-analysis indicated that FA prevalence was double that in
overweight/obese population samples compared to those of a healthy BMI (24.9% and
11.1% respectively) and in females compared to males (12.2% and 6.4% respectively).
FA prevalence was also higher in adults older than 35 years compared to adults
younger than 35 years (22.2% and 17.0% respectively). Additionally, in populations
with disordered eating, mean prevalence of FA was 57.6%, which was higher than that
of individuals with no clinical diagnosis of disordered eating at 16.2%. The mean
number of symptoms reported across studies was three out of a possible seven
symptoms and the most common symptom reported in 70% of studies was ‘persistent
desire or unsuccessful attempts to cut down food intake’. When meta-analyzed by clinical
status, clinical populations endorsed more than double the number of symptoms
compared to non-clinical populations (4.0 and 1.7 symptoms respectively). However, it
should be noted that the population samples in the included studies were
predominantly comprised of overweight/obese females recruited from clinical settings.
Hence, the prevalence of YFAS FA diagnosis and the average symptom scores are
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likely higher compared to a nationally representative general population sample due to
the characteristics of included participants.
It has been suggested that an addiction to food could act in a similar way to other
substance addictions, with repeated exposures to pleasurable food diminishing the
dopamine brain response (108, 405). This would lead to larger quantities of food
consumed in order to feel satisfied, subsequently perpetuating overeating. This could
help to explain why the meta-analysis conducted in this review identified that older
adults displayed a higher prevalence of FA, with repeated exposures to a specific food
over a person’s lifetime reducing the dopaminergic reward response. In contrast to this
hypothesis, the study conducted by Flint et al., females aged over 62 years had a lower
prevalence of FA diagnosis than a group of middle aged females 42-64 years (386). A
similar phenomenon has been noted in craving and consumption of alcohol, with
reductions observed in older adulthood (406, 407). It has been postulated that this may
be due to age-related neurodegenerative changes in dopaminergic release (406), and it
could be possible that a similar event is occurring in FA. Further research exploring
differences in FA status over a person’s lifetime is required to substantiate this theory.
Overconsumption and subsequent weight gain related to a blunted dopaminergic
response could also provide a rationale for the finding that FA prevalence was higher
in overweight/obese individuals. Of note, while YFAS diagnosis and symptom scores
were positively related to anthropometric variables associated with adiposity in
numerous studies reviewed, including a range of weight categories (386, 387, 398),
other factors such as the presence of bulimia nervosa was found to attenuate this
relationship (195). Therefore, there remain limitations to equating obesity status with
addictive-like eating and further research is required.
Meta-analysis also identified that females had a higher prevalence of FA compared to
males, which may be attributable to gender related differences in hormonal profiles
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and/or dietary patterns (408, 409). Very few studies reported the diagnosis in males
exclusively, hence the results of the meta-analysis should be interpreted with caution.
While two studies identified relationships between FA symptoms and ethnicity, the
specific ethnicity with highest FA prevalence differed between the studies (386, 390).
These ethnic relationships may be influenced by the demographic composition of
population samples. Further investigation in representative samples and controlling
for potential confounding variables is required before the relationships between
adiposity, gender and FA can be confirmed or refuted.
The majority of reviewed studies were cross sectional in design, assessing FA via the
YFAS at one time point only. This precludes interpretation of cause and effect among
variables. Only one study included in the review was classified as positive quality
(386), which may be a result of the observational nature of the included studies. A
single study tracked FA over time in the same population and assessed prevalence of
FA before and nine months after gastric bypass surgery (394). In this study diagnosis of
FA was found to subside in thirteen of the fourteen participants classified as food
addicted at baseline. This could provide some evidence that weight loss post bariatric
surgery could reverse addictive-like eating behaviors, as assessed by the YFAS.
In contrast, studies of behavioral weight loss interventions reported disparate findings
in the relationship between weight loss and YFAS outcomes. While one study found
that YFAS scores at baseline predicted weight loss, a second longer term study found
no relationship between FA status and weight loss success (389, 395). Although 30% of
studies investigated FA in a population seeking or participating in weight loss, no
studies conducting a behavioral weight loss intervention have reported YFAS
outcomes at the conclusion of the intervention. Modifying the reporting period of the
YFAS from the original twelve months to a shorter timeframe would be useful in
combination with a behavioral weight loss intervention to determine if addictive food
behaviors have changed over the discrete period of the therapy and at follow up.
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Individuals with diagnosed eating disorders including BED and BN were shown to
have a higher prevalence of FA (190, 191, 195, 387), as assessed by the YFAS, compared
to non-clinical population samples. Only two studies investigated FA in BED patients
exclusively, despite a number of studies demonstrating a relationship between YFAS
outcomes and binge eating scores (190, 191). This review identified that the YFAS
diagnosis and symptom score explained unique variance in BED outcomes above and
beyond existing measures (143, 191, 344). There is significant overlap between the
proposed diagnostic criteria for FA and BED as specified in the DSM-5, and there have
been suggestions that FA may be a more severe variant of disordered eating (186, 192).
Although a higher proportion of participants with BED met the diagnostic criteria for
FA, not all participants with BED received an FA diagnosis, suggesting that FA may be
distinguished from BED. Additionally, not all individuals with FA met the diagnostic
criteria for an eating disorder in a recent study (387). Further characterization of the FA
construct is necessary in order to substantiate that FA is a clinical phenomenon distinct
from other forms of disordered eating.
Two recently published studies have investigated relationships between the YFAS and
bulimia nervosa. In one of these studies, individuals with bulimia nervosa were found
to have a higher prevalence of FA diagnosis compared to individuals with BED (387).
In a second study, all participants with current diagnosis of bulimia met the YFAS
diagnostic criteria for FA with an additional 30% of individuals with a history of
bulimia meeting the criteria (195). The lower prevalence observed in individuals with a
history of eating disorders compared to those with a current diagnosis could possibly
yield some insight into how FA could be treated, by modelling therapies on to those
routinely used to treat eating disorders, such as cognitive behavior therapy. It must be
noted that both BED and BN are associated with a pattern of excessive food
consumption, sometimes coupled with compensatory behaviors, and it would be
reasonable to predict that the characteristics of the proposed FA construct overlap with
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these conditions to some extent. However, these results require replication in other
types of eating disorders such as anorexia nervosa where food restriction is the focus of
disordered eating.
Only three studies assessed FA in combination with specific foods or nutrients (394,
398, 399). It is unlikely that all foods are equally capable of triggering an addictive like
response, yet limited research has been undertaken to examine specific foods that have
been consumed in an addictive way. Individuals identified as food addicted were
found to have a significantly higher intake of macronutrients including fat and protein
in one study using a food frequency questionnaire to assess usual intake (398).
However, specific foods associated with FA were not reported in this study. In other
included studies, cola (399), starchy foods and takeaway (394) were identified as
specific foods associated with addictive food tendencies. However, in these studies,
diet outcomes were assessed via the Food Cravings Questionnaire and self-reported
means, whose limitations in identifying FA has been previously discussed (257).
Identification of specific foods associated with FA is important given the general
population consume whole foods rather than single nutrients and data at this level
could be used to inform possible treatment targets for FA, if indeed FA is found to be a
clinical disorder. These results require confirmation and future studies should include
using appropriate validated dietary assessment tools to identify and profile foods most
associated with FA.
Only one study used a quantitative measure to assess FA using fMRI to assess whether
FA scores correspond with brain activity (181). Individuals with high FA scores were
found to have comparable neural responses when viewing food images as individuals
with drug dependence viewing drug cues. However, this study was limited to females
exclusively and did not use the YFAS diagnostic criteria cut points. A second study
used a quantitative proxy of eating behavior, the weighed amounts of snack foods
consumed, to assess possible relationships with YFAS outcomes (385). This study
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identified that the amount of food consumed was not reduced in food addicted
individuals following the administration of an appetite suppressant. Although the
YFAS has been shown to have adequate psychometric properties and associations with
other eating related variables such as the Binge Eating Scale and Eating Disorder
Examination (190, 191, 195, 344, 383, 387, 388, 395), further validation of the YFAS
using quantitative measures is required.
The majority of studies reported YFAS outcomes using both the diagnosis and
symptom score. The mean number of symptoms reported across studies was three out
of seven, which is the diagnostic cut-off for FA in combination with clinical impairment
or distress. This indicates that FA characteristics derived from the application of the
DSM-IV criteria to food behaviors are quite highly endorsed across populations
studied to date. However, when analyzed by clinical status, it was found that the mean
symptom score of studies conducted in clinical settings was more than double that of
non-clinical samples, which would likely have inflated the total mean symptom score.
The significance of the differences between a high symptom score without clinical
impairment or distress (i.e., ≥6 symptoms) compared to a lower symptom score but
satisfying the criteria for diagnosis (i.e., ≥3 symptoms plus clinical impairment or
distress) is yet to be investigated in detail. That is, although the diagnostic criteria have
been modelled from the criteria to diagnose substance dependence, potentially the
symptom score could provide comparable or more valuable information regarding FA,
particularly in terms of developing future treatment approaches. The most meaningful
method of scoring the YFAS should be more comprehensively investigated to further
standardize the reporting FA characteristics. Two studies classified as high and low FA
based on YFAS scores (181, 391, 392) and a third study reported FA status using a
numerical point score (399). Importantly, there was no standardized approach to these
alternative scoring methods, making the comparison of these studies with other studies
using the predefined scoring criteria difficult.
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Since the development of the original YFAS in 2009, modifications have been made to
this tool for use in different populations. Five of the studies administered the YFAS via
an online survey demonstrating the acceptability of the questionnaire completed
online, which aids in reducing researcher and participant burden and highlights the
movement towards use of technology in health assessment. Reducing the number of
overall questions and subsequently reducing participant burden in the development of
the m-YFAS has allowed for assessment of FA in large scale epidemiological surveys
(386, 397) and could potentially be used in future nationally representative samples.
The assessment of addictive food behaviors at younger ages via the YFAS modified for
children (YFAS-C) is important as it is well documented that child eating patterns and
weight status track into adulthood (410, 411). The identification and possible treatment
of FA symptoms at a young age could avoid carry-over of FA tendencies from
childhood to adulthood, much like the increased risk of adult obesity associated with
childhood obesity.
This review’s results should be interpreted with caution due to the inherent limitations
of the YFAS tool, including use of self-reported measures and lack of accepted
definition for FA. However, the YFAS does not specifically refer to the term ‘food
addiction’ thus minimising potential bias arising from self-report. The reviewed
articles were predominantly cross-sectional precluding inferences about cause and
effect. A limited number and spectrum of disordered eating studies were included in
meta-analysis and findings should be interpreted accordingly. This review was further
limited by the limited number of studies reported YFAS outcomes for older adults and
children exclusively, which prevented meta-analysis in these age groups. Additionally,
study populations were predominantly female and obese, limiting the generalizability
of findings. Prevalence of FA identified through meta-analysis is likely higher than
those seen in the general population as the majority of studies were conducted in
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clinical settings of overweight/obese individuals. A nationally representative sample is
required to provide a better estimate of addictive like-eating in the general population.

3.7 Conclusions
This study systematically reviewed all studies that used the YFAS to assess FA. Metaanalysis indicated that overweight/obese females aged over 35 years may be more
predisposed to FA, as assessed by the YFAS. Additionally, participants with
disordered eating had a much higher prevalence of FA, as assessed by the YFAS
compared to their non-clinical counterparts. Notably, populations included in the
reviewed studies were predominantly female, overweight/obese and adults aged over
35 years, and may not be representative of the general population. Further research is
required to explore YFAS outcomes across a broader spectrum of ages, particularly
children and adults aged >65 years, other types of eating disorders and in conjunction
with weight loss interventions to confirm the efficacy of the tool to assess for the
presence of FA. Additionally, future studies should investigate whether YFAS scores
can be validated using a quantitative measure. This will provide further evidence to
confirm or refute existence of FA and potentially help to develop appropriate
treatment approaches to target FA specifically.
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4.1 Overview
Over the past century, the food environment has changed dramatically including the
increased availability of energy-dense, nutrient-poor foods and density of food service
outlets. Very few studies have attempted to identify potentially addictive foods in
human research, which was highlighted as a gap in the literature in Chapter 3. Thus it
is unclear as to what foods and nutrients may be associated with addictive-like eating
behaviours. This chapter presents a novel exploratory study which aimed to assess the
prevalence of food addiction in Australia, and to evaluate the relationships between
Yale Food Addiction Scale assessed food addiction and dietary intakes of specific foods
and nutrients, as assessed using a validated dietary intake assessment tool. This
Chapter aligns with Secondary Aim 3 and begins verbatim from Section 4.2.

4.2 Abstract
Background: It has been suggested that addictive behaviors related to consumption of
specific foods could contribute to overeating and obesity. Although that energy-dense,
hyper-palatable foods are hypothesized to be associated with addictive-like eating
behaviors, few studies have assessed this in humans.
Objective: To evaluate in young adults whether intakes of specific foods are associated
with ‘food addiction’, as assessed by the Yale Food Addiction Scale (YFAS), and to
describe the associated nutrient intake profiles.
Design: Australian adults aged 18-35 years were invited to complete an online crosssectional survey including demographics, the YFAS and usual dietary intake.
Participants were classified as food addicted (FAD) or non-addicted (NFA) according
to the YFAS predefined scoring criteria.
Results: A total 462 participants (86% female, 73% normal weight) completed the
survey, with 14.7% (n=68) classified as FAD. The FAD group had a higher proportion
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of females (p=.01) and higher body mass index (p<.001) compared to NFA. Higher
YFAS symptom scores were associated with higher percentage energy intake (%E)
from energy-dense, nutrient-poor foods including candy, take out and baked sweet
products, as well as lower %E from nutrient-dense core foods including whole-grain
products and breakfast cereals. These remained statistically significant when adjusted
for age, sex and BMI category (p=.001).
Conclusions: Statistically significant associations were identified between YFAS
assessed food addiction and dietary intake, specifically intakes of energy-dense,
nutrient-poor foods. However, the effect sizes were small limiting clinical applications.
Further examination of the relationship between addictive-like eating and intake of
specific foods in a nationally representative sample is warranted.

4.3 Introduction
The prevalence of obesity has increased in parallel with dramatic changes in the food
environment including an increase in the number of food service outlets and
availability of hyper-palatable foods and beverages (10, 45). Globally, 36.9% of males
and 38.0% of females were classified as overweight or obese in 2013 (10). Obesity is
associated with a greater risk of chronic conditions including type 2 diabetes and
cardiovascular disease (264, 412) as well as poorer psychological and social wellbeing
(27, 413, 414). While obesity is complex and multifaceted, the majority of treatments
have primarily focused on behavior change including caloric restriction and increased
physical activity. The success of these behavioral approaches has been variable, with
many failing to achieve significant weight loss and individuals regaining some or all of
their lost body weight (267). Thus, there is a pressing need to better understand the
underlying determinants of obesity and to subsequently develop interventions that
provide more effective weight treatment and maintenance approaches to reduce the
obesity burden.
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A growing body of research is exploring whether addictive-like eating behaviors could
contribute to overeating and subsequent obesity in susceptible individuals (5).
Although there is no universally accepted definition of ‘food addiction’, it has been
suggested that specific eating behaviors share similarities with the Diagnostic and
Statistical Manual of Mental Disorders (DSM) diagnostic criteria for substance
dependence (121, 160, 378, 415). These include loss of control over consumption,
continued overeating despite negative consequences and significant distress related to
eating behaviors. While ‘food addiction’ is not yet a clinically recognized disorder, for
the remainder of this paper the term is used as a construct to describe these addictivelike eating tendencies. Neurobiological parallels have been widely described between
addictive-like eating patterns and traditional forms of substance abuse in
dopaminergic reward-related pathways (160, 168, 416). More recently, with the
inclusion of non-substance disorders such as gambling in the DSM-5 (164), it has been
postulated that addictive-like eating may more closely resemble behavioral addictions
(52, 169, 417-419). Consequently, debate within the scientific community remains as to
the classification of food addiction as a clinical disorder (52, 270).
The Yale Food Addiction Scale was developed in 2009 to evaluate addictive-like eating
behaviors and has facilitated an increase in the number of studies seeking to assess this
construct (143). The YFAS operationalizes food addiction according to the DSM-IV
diagnostic criteria for substance dependence, modeling these to eating behaviors (166).
In a recent review with meta-analysis (420) of studies using the YFAS, the weighted
mean prevalence of food addiction across populations studied was 19.9%, and ranged
from 5.4% in the general community (398) to 56.8% in a clinical population of
individuals with binge eating disorder (190). Of note, the majority of population
samples across the reviewed articles were female, overweight or obese individuals
recruited from clinical settings and thus may not be representative of the general
population (420).
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Few studies have explored possible associations between dietary intake and food
addiction, as assessed by the YFAS (398, 421). One study investigated the relationship
between addictive-like eating behaviors and macronutrient intakes, and found that
daily intakes of protein and fat were significantly higher in individuals meeting the
YFAS criteria for food addiction (398). A second study reported significantly higher
intakes of fat and sugar, as well as a range of micronutrients, in those identified as food
addicted according to the YFAS (421). This study, however, was conducted in an obese
population sample. In addition, the aforementioned studies only reported intakes of
specific components of food including nutrients (e.g. calcium) and their association
with addictive-like eating, rather than actual types of food (e.g. milk). The assessment
and reporting of intake of everyday foods is important as the general population
consume foods rather than individual nutrients or ingredients. Therefore, identifying
specific foods associated with addictive-like eating is essential to inform the potential
development of interventions to target these behaviors.
It is likely that foods have varying capacities to elicit an addictive-like response based
on their ingredient composition and processing. One recent study reported that the
degree to which a food has been processed is the most influential attribute for whether
a food is associated with addictive eating behaviors (242). In addition, in a qualitative
study of self-identified ‘food addicts’, calorie-laden ‘junk’ foods such as chocolate and
cookies were identified as the most common foods associated with addictive-like
eating behaviors (422). High-calorie, highly processed foods, which are ubiquitous in
the modern food environment, are widely hypothesized as those that are most likely to
be associated with addictive-like eating behaviors in humans (120, 183). This
hypothesis may be attributed in part to pre-clinical studies which have demonstrated
that foods high in sugar and fat can elicit addictive-like behaviors in rodents (162).
While preliminary research has emerged to identify whether similar food
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characteristics could potentially facilitate addictive-like eating in humans (242), further
research is required in this area.
To date, no studies have reported associations between food addiction, as assessed by
the YFAS, and intakes of specific foods across a range of weight categories. This study
aimed to determine if specific foods are associated with YFAS food addiction
‘diagnosis’ or ‘symptom scores’ and to subsequently describe the nutrient intake
profiles and diet quality associated with these addictive-like eating behaviors. It was
hypothesized that higher intakes of energy-dense, nutrient-poor foods would be more
likely to be associated with food addiction, as assessed by the YFAS.

4.4 Materials and Methods
Australian adults were recruited from March to May, 2013. Participants were eligible if
they were aged 18 to 35 years, currently living in Australia and proficient in English.
Participants were ineligible if they were currently pregnant. This study was compliant
with the Health Insurance Portability and Accountability Act (HIPAA) Privacy Rule
(423) and was approved by the Human Research Ethics Committee, the University of
Newcastle, Australia.
Participants were recruited via advertisements on the University of Newcastle’s social
media sites, posters, and emails to staff and students. To increase sample size and
population representativeness, respondents were encouraged to ‘share’ the study web
link with others by using ‘virtual snowballing’ via social media sites including
Facebook and Dietitian Connection, a networking website.

4.4.1 Food Addiction Survey
A 174-item online survey was designed by the authors using the tool Survey Monkey
(https://www.surveymonkey.com/). This consisted of eligibility questions, demographics,
self-reported anthropometrics, the YFAS, the Australian Eating Survey food frequency
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questionnaire (AES FFQ) (251), and optional contact details section with participant
details known only to the researchers. The survey was designed to align with the
Strobe Guidelines, a recognized checklist of items that aim to strengthen the reporting
quality of observational studies (424).
Participants were presented with an information statement on the first survey screen
and interested individuals were invited to proceed, which was taken as their informed
consent to participate. Participants who did not elect to proceed were exited from the
survey. The first survey screen determined eligibility, with those who were ineligible
redirected out of the survey. As an incentive to complete all survey questions, a prize
draw was offered.

4.4.1.1 Demographic and self-reported anthropometric data
Participants reported demographic data including age, sex, postal code, marital status,
and current employment. Socio-economic status (SES) was determined using the Socioeconomic Indexes for Areas (SEIFA) deciles (425), an indicator of advantage and
disadvantage based on the participants place of usual residence. The index is based on
Australian census data and takes into account factors that may affect SES including
income, education, employment, occupation and housing (426). Postal codes are
allocated a score from 1 to 10 with a score of 1 denoting the most disadvantaged areas
and 10 the most advantaged. Participants were also asked to self-report their current
height and weight. The online self-report of anthropometric data were previously
validated using a subsample of the survey participants (427). Self-reported body mass
index (BMI) was calculated from online self-reported height and weight using standard
equations.

4.4.1.2 Yale Food Addiction Scale
The YFAS is a 25-item survey which quantifies addictive-like eating behaviors in the
previous twelve months (143). The YFAS uses Likert and dichotomous questions on
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eating behaviors mapped to the DSM-IV diagnostic criteria for substance dependence.
The tool has been previously demonstrated to have sound psychometric properties
(143, 190). The YFAS includes two scoring outputs giving a total ‘symptom score’ and a
‘diagnosis’ of food addiction. The total ‘symptom score’ ranges from zero to seven,
corresponding with the number of DSM-IV diagnostic criteria reported with respect to
food. Participants may also be allocated a ‘diagnosis’ of food addiction if they report ≥3
symptoms and they also satisfy the clinical impairment or distress criteria.
The authors acknowledge that food addiction is not a clinically diagnosable condition,
but for the purposes of the current paper, the terms ‘diagnosis’ and ‘symptom score’
are used in subsequent sections in the context of the YFAS predefined scoring outputs.
The YFAS diagnosis was used to define ‘food addicted’ (FAD) and ‘non-addicted’
(NFA) individuals and these terms are used for brevity in subsequent sections of the
paper.

4.4.1.3 Dietary Intake via the Australian Eating Survey Food Frequency
Questionnaire
Dietary intake was measured via the adult AES, a self-administered, validated, 120item semi-quantitative FFQ used to collect information about usual dietary intake over
the previous six months (251, 253-255). An additional fifteen questions are included to
assess food behaviors, such as breakfast consumption, and daily time spent sedentary,
including as television and computer use. Respondents are required to report
frequency of consumption of specific foods and non-alcoholic beverages. Portion sizes
for the AES were derived from unpublished data from the National Nutrition Survey
(428), supplied by the Australian Bureau of Statistics, or the standard serving size for
items such as a slice of bread (251).
The AES categorizes items according to food groups to calculate an individual’s total
energy intake (251). Foods are classified into one of two broad categories, (a) nutrientdense core foods or (b) energy-dense, nutrient-poor foods, and the proportion of
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energy consumed from these two broad categories is subsequently calculated (251).
Core foods included breads, cereals (breakfast cereals, savoury crackers, whole-grain
products such as rice and pasta), dairy products, meat, fruit, and vegetables. Energydense, nutrient-poor foods included sweetened drinks (e.g. soda), savoury packaged
snacks (e.g. snack bars, potato chips, savoury combination snacks), candy (e.g. sweets,
chocolate), baked sweet products (e.g. cakes, pastries, cookies), and take-out (e.g. pizza,
burgers, fries).
Intake from each of the food groups is subsequently used to calculate an individual’s
macronutrient and micronutrient intake. The micronutrients analyzed were thiamin,
riboflavin, niacin equivalents, Vitamin C, folate, retinol, sodium, potassium,
magnesium, calcium, phosphorus, iron and zinc. A validated diet quality index score,
the Australian Recommended Food Score (ARFS), was also calculated for each
participant based on their responses to the FFQ. The ARFS reflects overall diet quality
and has a maximum score of 73, with higher scores corresponding with a more optimal
nutrient intake profile (256).

4.4.2 Statistics
Data sets with >5 missing responses were excluded from analysis (n=207). Food
frequency data were checked for potential reporting errors, with no participants
excluded due to implausible total energy intake. Participants were classified by BMI
category using the World Health Organization cut-points (11).
Chi squared tests were used to test associations between categorical demographic
variables

and

YFAS

food

addiction

diagnosis.

Continuous

demographic,

anthropometric and AES nutrient intake variables were assessed using t-tests to
identify any differences between the FAD and NFA groups. Additional subgroup
analyses were undertaken to explore differences in dietary intakes according to BMI
category in the FAD group only. For this analysis, the FAD group was divided into two
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broad weight status categories: underweight/normal weight and overweight/obese,
and the two groups were compared using t-tests.
Logistic regression models were used to calculate the odds ratios of YFAS assessed
food addiction diagnosis according to dietary intake and linear regression used to
calculate the change in symptom scores according to dietary intake. The models were
adjusted using the variables age, sex and BMI category. Crude and adjusted p-values
are given for both the logistic and linear models to test for associations between dietary
intake and food addiction outcomes. As each of the nutrient intake variables are
presented on different scales, Cohen’s d was calculated to compare effect sizes across
the linear regression models (429). Effect sizes were interpreted as small (Cohen’s d
=.2), moderate (Cohen’s d =.5), or large (Cohen’s d =.8).
Significance level was set at p=.05. Due to the large number of dietary intake variables
tested, an adjusted p-value for the nutrient data was calculated using a Bonferroni
correction factor by dividing the p-value by the number of tested variables (i.e. n=40).
The adjusted p-value for dietary data was therefore set at p=.00125. Unless otherwise
specified, data are presented as means ±standard deviations. All analysis was
undertaken using Stata V11 (StataCorp LP, Texas).

4.5 Results
A total of 669 respondents entered the survey with 462 participants (69.3%) completing
all questions. Age and BMI did not differ significantly between survey completers and
non-completers; however, the non-completers were more likely to be male (p=.006),
report higher symptom scores (p<.001) and were less likely to be classified as FAD
(p<.001). Participant demographic characteristics are summarized in Table 4-1. The
mean age of participants was 25.1 ± 4.0 years and 86% were female. The participants
were from a range of socioeconomic backgrounds (SEIFA range 1-10) with the eighth
SEIFA decile the most commonly reported corresponding to a relatively high SES. The
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mean BMI was 23.2 ± 4.5 kg/m2 (range 15.9 - 54.0 kg/m2, males 24.5 ± 4.1 kg/m2, females
23.0 ± 4.5 kg/m2) and the majority of participants were classified as of a normal weight
BMI (72.9%), followed by overweight (13.9%) and obese (7.8%). The majority of the
sample had attained a university qualification (50.7%) and had never been married
(63.6%). The most common duration of time spent in sedentary behaviors was 0-1 hour
per day for television watching (47.8%) and 2-3 hours per day for computer time
(35.3%).
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Table 4-1: Demographic and anthropometric characteristics of the total sample, non-addicted (NFA) and food addicted (FAD) groups.
Participant characteristics
Number of participants
Female
Age (years) [mean (SD)]
Indigenous
Self-reported height (cm) [mean (SD)]
Self-reported weight (kg) [mean (SD)]
Self-reported BMI (kg/m2) [mean (SD)]
BMI category
Underweight
Normal weight
Overweight
Obese
Highest qualification
No formal qualifications
School certificate or Higher school certificate
Trade or Diploma
University degree or Higher university degree
Mean number of YFAS symptoms reported
Mean symptoms [mean (SD)]
Percentage of participants reporting specific YFAS symptoms
Larger amounts consumed than intended
Persistent desire or unsuccessful attempts to cut down or control eating
Much time spent obtaining food or eating or recovering from consumption
Social, occupational or recreational activities given up
Continued eating despite physical or psychological problems
Tolerance
Withdrawal symptoms
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Total sample
462
395 (85.5%)
25.1 (4.0)
6 (1.3%)
168.5 (8.1)
66.1 (14.4)
23.2 (4.5)

NFA
394 (85.3%)
330 (83.8%)
25.1 (4.1)
5 (1.3%)
168.6 (8.2)
64.6 (11.6)
22.7 (3.5)

FAD
68 (14.7%)
65 (95.6%)
25.1 (4.4)
1 (1.5%)
168.3 (7.7)
75.0 (23.4)
26.4 (7.6)

.01 a
.96 b
.89 a
.79 b
<.001* b
<.001* b

25 (5.4%)
337 (72.9%)
64 (13.9%)
36 (7.8%)

23 (5.8%)
302 (76.7%)
49 (12.4%)
20 (5.1%)

2 (2.9%)
35 (51.5%)
15 (22.1%)
16 (23.5%)

<.001* a

1 (0.2%)
168 (36.7%)
59 (12.8%)
234 (50.7%)

1 (0.3%)
136 (34.5%)
44 (11.2%)
213 (54.1%)

0 (0%)
32 (47.1%)
15 (22.1%)
21 (30.9%)

.003 a

2.4 (1.8)

1.9 (1.4)

5.2 (1.5)

<.001* b

90 (19.5%)
423 (91.6%)
113 (24.5%)
78 (16.9%)
172 (37.2%)
120 (26.0%)
91 (19.7%)

48 (12.8%)
356 (90.4%)
64 (16.2%)
37 (9.4%)
111 (28.2%)
72 (18.3%)
45 (11.4%)

42 (61.8%)
67 (98.5%)
49 (72.1%)
41 (60.3%)
61 (89.7%)
48 (70.6%)
46 (67.7%)

<.001* a
.03 a
<.001* a
<.001* a
<.001* a
<.001* a
<.001* a

p

Clinically significant impairment or distress

79 (17.1%)

11 (2.8%)

68 (100.0%)

<.001* a

Unless otherwise specified, data are presented as count (%). = Chi squared test, =t-test. BMI= body mass index, FAD= ‘Food addicted’ (≥3 symptoms +
satisfying clinical impairment/ distress criteria), NFA= non-addicted, YFAS= Yale Food Addiction Scale. *= p<.05.
a

b
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Sixty-eight respondents met the YFAS predefined criteria for FAD (14.7%). The FAD
group had a significantly higher proportion of females compared to the NFA group
(p=.01) and a significantly higher proportion of NFA were university educated
compared to FAD (p=.003). Weight and calculated BMI were significantly higher in
FAD compared to NFA (p<.001). No significant differences were identified between
FAD and NFA for any other demographic or anthropometric variables including
duration of sedentary behaviors (p>.05).
The mean number of symptoms for the whole sample was 2.4 ± 1.8 out of possible
score of seven. The FAD group reported a significantly higher mean symptom score of
5.2 ± 1.5 compared to 1.9 ± 1.4 in NFA (p<.001). A total of 435 respondents (94.2%)
reported at least one food addiction symptom, with the most common symptoms being
Persistent desire or unsuccessful attempts to cut down or control eating (91.6%) and
Continued eating despite physical or psychological problems (37.2%). The least commonly
reported symptom was Social, occupational or recreational activities given up due to eating
behavior (16.9%). Each of the seven YFAS food addiction symptoms were reported by a
significantly higher proportion of the FAD group compared to NFA (p<.05).

4.5.1 Food and nutrient intake according to food addiction
diagnosis
Dietary intakes are reported in Table 4-2. There were no differences in energy intake
between the FAD and NFA groups (p=.59). Mean percentage energy intake (%E) from
protein, carbohydrate and total fat were within the recommended acceptable
macronutrient distribution ranges, although saturated fat intakes were higher than
recommended in both groups (430). Mean %E from whole-grain products was
associated with lower odds of classification as FAD, with an odds ratio of .93, 95%CI
(.90, .97). In addition, %E from total fat and monounsaturated fat were associated with
higher odds of classification as FAD, with odds ratios of 1.11, 95%CI (1.04, 1.18), and
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1.22, 95%CI (1.08, 1.38), respectively. These remained statistically significant when
adjusted for age, sex and BMI category (p=.001).
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Table 4-2: Mean daily nutrient intake and odds ratios for the total sample (n=462), non-addicted (NFA) and food addicted (FAD) groups. Data are
presented as mean (standard deviation).
Nutrients
Total energy (kcal)
Total energy (kJ)
Percentage energy from food groups (%)
Vegetables (%)
Fruit (%)
Meat (%)
Grains (%)
Dairy (%)
Sweet drink (%)
Savory packaged snacks (%)
Candy (%)
Baked sweet products (%)
Take-out (%)
Breakfast cereal (%)
Nutrient intake
Protein (%)
Carbohydrate (%)
Fat (%)
Saturated fat (%)
Polyunsaturated fat (%)
Monounsaturated fat (%)
Alcohol (%)

Total sample
(n=462)

NFA (n=394)

FAD (n=68)

p
unadjusted

p
adjusted

a

b

Adjusted
Odds of FAD
diagnosis b

(95% CI)

2007 (620)
8399 (2595)

2009 (624)
8407 (2611)

1997 (602)
8355 (2518)

.88
.88

.59
.59

1.00
1.00

(1.00, 1.00)
(1.00, 1.00)

8.5 (3.9)
8.5 (6.0)
14.8 (8.1)
18.9 (7.8)
11.1 (6.6)
2.9 (4.9)
2.4 (2.6)
6.3 (5.9)
5.0 (4.3)
7.6 (5.9)
6.2 (4.8)

8.5 (3.9)
8.4 (5.6)
14.7 (8.0)
19.5 (7.6)
11.3 (6.6)
3.1 (5.1)
2.3 (2.4)
5.8 (5.3)
4.9 (4.0)
7.2 (5.1)
6.5 (4.9)

8.2 (4.1)
8.6 (8.1)
15.4 (9.0)
15.4 (7.6)
10.0 (6.4)
1.9 (3.4)
3.2 (3.5)
8.9 (8.2)
5.6 (5.8)
9.8 (9.1)
4.1 (4.1)

.50
.83
.56
<.001*
.12
.08
.01
<.001*
.18
<.001*
<.001*

.71
.37
.99
.001*
.27
.05
.06
.01
.69
.03
.003

.99
1.02
1.00
.93
.98
.91
1.10
1.06
1.01
1.05
0.91

(.92, 1.06)
(.98, 1.07)
(.97, 1.04)
(.90, .97)
(.93, 1.02)
(.83, 1.00)
(1.00, 1.21)
(1.01, 1.10)
(.95, 1.08)
(1.00, 1.09)
(.85, .97)

19.6 (3.7)
45.2 (6.9)
33.3 (4.6)
13.5 (2.5)
4.3 (1.2)
12.5 (2.3)
2.1 (2.7)

19.6 (3.6)
45.4 (6.9)
33.0 (4.5)
13.4 (2.4)
4.3 (1.2)
12.3 (2.2)
2.2 (2.7)

19.4 (3.9)
44.1 (6.8)
35.3 (5.1)
14.4 (3.1)
4.6 (1.4)
13.2 (2.3)
1.5 (2.3)

.75
.17
<.001*
.002
.07
.001*
.03

.45
.19
.001*
.08
.01
.001*
.17

.97
.97
1.11
1.11
1.31
1.22
.92

(.90, 1.05)
(.93, 1.01)
(1.04, 1.18)
(.99, 1.24)
(1.06, 1.61)
(1.08, 1.38)
(.81, 1.04)
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Cholesterol (mg)
288.5 (124.2)
Sugars (g)
115.9 (50.5)
Fibre (g)
26.1 (8.3)
Thiamin (mg)
1.5 (0.6)
Riboflavin (mg)
2.3 (0.8)
Niacin equivalent (mg)
42.0 (13.8)
Vitamin C(mg)
152.4 (63.2)
Folate (μg)
312.0 (99.7)
Vitamin A (μg)
1168.4 (440.9)
Sodium (mg)
2014.6 (756.7)
Potassium (mg)
3367.2 (966.0)
Magnesium (mg)
391.8 (105.7)
Calcium (mg)
1117.5 (409.8)
Phosphorus (mg)
1580.6 (496.8)
Iron (mg)
13.0 (3.9)
Zinc (mg)
12.6 (4.2)
Percentage energy from broad food categories (%)
Core foods (%)
67.0 (13.6)
Energy-dense, nutrient poor foods (%)
33.0 (13.6)
Diet quality
ARFS (score out of 73)
35.4 (9.3)

288.1 (124.1)
116.5 (51.4)
26.3 (8.3)
1.5 (0.6)
2.3 (0.8)
42.2 (13.9)
152.5 (61.9)
316.4 (100.8)
1179.2 (445.6)
2015.0 (745.7)
3373.5 (976.7)
394.6 (106.1)
1124.3 (406.3)
1587.0 (499.1)
13.2 (4.0)
12.7 (4.3)

290.5 (125.5)
112.2 (45.5)
24.9 (7.9)
1.4 (0.5)
2.0 (0.8)
40.7 (12.8)
151.5 (70.7)
286.7 (89.5)
1105.3 (410.1)
2011.8 (823.5)
3300.5 (907.3)
375.6 (102.6)
1078.0 (430.8)
1543.0 (485.1)
12.2 (3.3)
12.2 (4.0)

.88
.52
.21
.06
.03
.39
.90
.19
.20
.97
.73
.17
.39
.50
.06
.35

.55
.99
.95
.12
.21
.77
.34
.33
.49
.99
.52
.87
.99
.94
.27
.51

1.00
1.00
1.00
.64
.79
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
.96
.98

(1.00, 1.00)
(.99, 1.00)
(.97, 1.04)
(.37, 1.13)
(.55, 1.14)
(.97, 1.02)
(1.00, 1.01)
(1.00, 1.00)
(1.00, 1.00)
(1.00, 1.00)
(1.00, 1.00)
(1.00, 1.00)
(1.00, 1.00)
(1.00, 1.00)
(.88, 1.04)
(.91, 1.05)

67.8 (12.9)
32.2 (12.9)

62.3 (16.5)
37.7 (16.5)

.002
.002

.06
.06

.98
1.02

(.96, 1.00)
(1.00, 1.04)

35.9 (9.2)

32.6 (9.5)

.008

.05

.97

(.94, 1.00)

= unadjusted P value, = adjusted for age, sex and body mass index category. ARFS= Australian Recommended Food Score, FAD= ‘Food addicted’ (≥3
symptoms + satisfying clinical impairment/ distress criteria), NFA= non-addicted. *= significant at p<.00125.
a

b
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While there was some evidence that mean %E from candy, take-out and breakfast
cereal were significantly associated with odds of FAD classification, these did not
remain significant when adjusted for age, sex and BMI category. No significant
associations were identified between the odds of classification as FAD and %E from
protein, carbohydrate or any of the micronutrients (all p>.00125). Although there was a
trend towards higher odds of FAD classification with higher %E intake of energydense nutrient-poor foods (p=.06) and lower ARFS diet quality scores (p=.05), these
were not statistically significant.
Analyses of the FAD group alone indicated that individuals classified as
overweight/obese (n=31) had significantly higher intakes of take-out (p=.001) and
energy-dense, nutrient-poor foods (p<.001); as well as lower intakes of vegetables and
core foods (p<.001) compared to those classified as underweight/normal weight (n=37)
(Supplementary Table 8). Although there were trends towards higher intakes of sweet
drinks, savoury packaged snacks, saturated fat and sodium; as well as lower intakes of
fruit, polyunsaturated fat, vitamin C, and lower diet quality in the overweight/obese
FAD group compared to underweight/normal weight FAD group, these were not
statistically significant.

4.5.2 Relationships between symptom scores and food and
nutrient intake
A non-significant trend was found between symptom scores and energy intake (p=.06)
(Table 4-3). Positive relationships were identified between YFAS symptom scores and
%E from candy, total fat, saturated fat, and intake of energy-dense, nutrient-poor foods
(p≤.001); while negative relationships were identified with %E from whole-grain
products, breakfast cereals and core foods (p<.001). All variables remained significant
when adjusted for age, sex and BMI category. Additionally, when adjusted for
demographic variables, a positive relationship was identified between symptom scores
and %E from baked sweet products and take-out (p≤.001). Despite reaching statistically
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significant thresholds, analysis using Cohen’s d indicated that only small effect sizes
existed for each of the dietary variables (Cohen’s d range .15-.21). While there was a
trend for higher symptom scores to be associated with lower diet quality, this was not
statistically significant (p=.08).
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Table 4-3: Associations between food addiction symptom scores and mean daily nutrient intake for the total sample.

Adjusted
change in
symptom
score b
Total energy (kcal)
2.6 e-4
Total energy (kJ)
6.3 e-5
Percentage energy from food groups (%)
Vegetables (%)
-.04
Fruit (%)
.003
Meat (%)
-.007
Grains (%)
-.04
Dairy (%)
-.03
Sweet drink (%)
-.02
Savory packaged snacks (%)
.06
Candy (%)
.06
Baked sweet products (%)
.06
Take-out (%)
.06
Breakfast cereal (%)
-.07
Nutrient intake
Protein (%)
-.03
Carbohydrate (%)
-.01
Fat (%)
.06
Saturated fat (%)
.11
Polyunsaturated fat (%)
.06
Nutrients

(95%CI)

p unadjusted
a

p adjusted b

Cohen's d

(-1.3 e-5, 5.4 e-4)
(-3.1, 1.3 e-4)

.23
.23

.06
.06

.09
.09

(-.08, .003)
(-0.3, 0.2)
(-.03, .01)
(-.06, -.02)
(-.05, -.002)
(-.05, .01)
(-.002, .12)
(.04, .09)
(.02, .10)
(.03, .09)
(-.10, -.03)

.05
.37
.80
<.001*
.02
.24
.01
<.001*
<.001*
<.001*
<.001*

.07
.82
.48
<.001*
.04
.21
.06
<.001*
.001*
<.001*
<.001*

-.08
-.01
-.03
-.17
-.09
-.06
.09
.20
.15
.19
-.17

(-.07, .01)
(-.03, .01)
(.03, .10)
(.05, .18)
(-.07, .18)

.34
.30
<.001*
<.001
.76

.19
.40
<.001*
.001*
.38

-.06
-.04
.16
.16
.04

120

Monounsaturated fat (%)
.10
Alcohol (%)
-.04
Cholesterol (mg)
.002
Fibre (g)
-.004
Sugars (g)
.002
Thiamin (mg)
-.21
Riboflavin (mg)
-.07
Niacin equivalent (mg)
.003
Vitamin C (mg)
4.0 e-4
Folate (μg)
-.001
Vitamin A(μg)
-1.7 e-4
Sodium (mg)
1.2 e-4
Potassium (mg)
6.6 e-5
Magnesium (mg)
-3.2 e-4
Calcium (mg)
-1.7 e-5
Phosphorus (mg)
1.4 e-4
Iron (mg)
-.01
Zinc (mg)
.005
Percentage energy from broad food categories (%)
Core foods (%)
-.03
Energy-dense, nutrient-poor
.03
foods (%)
Diet quality
ARFS
-.02
a

(.03, .17)
(-.10, .02)
(2.7 e-4, .003)
(-.2, .02)
(-.002, .005)
(-.51, .08)
(-.27, .12)
(-.01, .01)
(-.002, .003)
(-.003, 4.4 e-4)
(-5.3 e-4, 2.0 e-4)
(-1.1 e-4, 3.4 e-4)
(-1.1 e-4, 2.4 e-4)
(-.002, .001)
(-4.1 e-4, 3.8 e-4)
(-2.0 e-4, 4.8 e-4)
(-.06, .03)
(-.04, .04)

.004
.05
.07
.14
.74
.10
.12
.88
.57
.01
.15
.29
.99
.11
.48
.86
.19
.95

.01
.20
.02
.71
.36
.16
.48
.70
.76
.15
.36
.30
.45
.69
.93
.40
.59
.81

.12
-.06
.11
-.02
.04
-.07
-.03
.02
.01
-.07
-.04
.05
.03
-.02
-.003
.04
-.03
.01

(-.04, -.02)
(.02, .04)

<.001*
<.001*

<.001*
<.001*

-.21
.21

(-.03, .002)

.01

.08

-.08

b

= unadjusted P value, = adjusted for age, sex and body mass index category. ARFS= Australian Recommended Food Score. * = significant at p<.00125
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4.6 Discussion
This study examined whether intakes of specific foods, nutrients and diet quality were
associated with food addiction diagnosis and symptom scores as assessed by the YFAS.
In line with our hypothesis, higher YFAS symptom scores were found to be associated
with higher intakes of energy-dense, nutrient-poor, processed foods including candy,
take-out and baked sweet products. Higher symptom scores were also related to lower
intakes of nutrient-dense core foods including whole-grain products and breakfast
cereals. Although there was a trend towards higher intakes of energy-dense, nutrientpoor foods in the FAD group, these did not reach statistical significance, which is in
contrast to our original hypothesis. In addition, no significant relationships were
identified between diet quality and food addiction diagnosis or symptom scores.
Approximately fifteen percent of the sample met the YFAS predefined criteria for food
addiction diagnosis. This is slightly higher than previous research conducted in the
Australian population (431) and may be attributable to differences in sample
characteristics between the two studies. The self-selected nature of the current sample
may also have led to an overestimate of the prevalence of food addiction with those
individuals displaying addictive-like eating behaviors more interested and motivated
to complete the survey. The FAD group was comprised of a higher proportion of
females compared to NFA, consistent with previous research (420). Unlike other
studies (386), no associations between age and food addiction outcomes were
identified in the current study, but this may have been limited by the homogenous
sample comprised of predominantly female, young adults.
Weight status assessed via BMI was significantly higher in the FAD group compared to
NFA, aligning with previous international studies (386, 387, 420). However, the
majority of participants classified as FAD were categorized as of a normal weight BMI.
Although online self-reported anthropometrics have been shown to be an valid
method of data collection (427), the self-reported nature may have led to some
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discrepancies in BMI classification. This may have resulted in a larger proportion of
normal weight individuals classified as FAD in the current study compared to
previous studies where anthropometrics were measured (398). In addition, while there
was a statistically significant relationship between BMI and addictive-like eating
behaviors as assessed by the YFAS, food addiction is not synonymous with obesity and
the two can occur independently (420).
There were no significant differences between the groups for total energy intake or
duration of sedentary behaviors, The observed differences in BMI’s between the
groups may indicate possible underreporting of food intake by the FAD group or
higher levels of energy expenditure through physical activity in the NFA group, which
was not assessed in this study. It is well documented that young adults have the
steepest weight gain trajectory of any age group (10, 432). Significant life transitions
that occur during young adulthood may result in changes in eating behaviors and
environmental factors, including increased access to high-calorie, hyper-palatable
foods, and these could be problematic for some individuals who are vulnerable to
displaying addictive-like eating behaviors (433). Therefore, while some survey
participants reported addictive-like eating tendencies as assessed by the YFAS, these
maladaptive eating patterns may not yet have manifested as clinical presentations such
as obesity. Due to age-related variation in eating behaviors and dietary profiles, future
studies are required across a broader range of ages, particularly children and
adolescents (434).
Scientific evidence supporting the classification of any specific food, nutrient or
additive (excluding caffeine) as addictive in humans is presently lacking (52). The
current study extended previous research by investigating associations between YFAS
assessed food addiction and detailed dietary intake profiles including the percentage of
total energy derived from specific food groups, diet quality and total macronutrient
and micronutrient intakes across all BMI categories. Total dietary fat intake was
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identified as the primary nutrient associated with increased odds of FAD diagnosis,
which is similar to the studies conducted by Pedram et al. (398, 421). However, Pedram
et al. also reported that obese individuals identified as food addicted according to the
YFAS criteria reported higher intakes of other subtypes of fat including saturated fat
(421). These differences between studies may be due to the variation between
population samples.
Dietary intake of total carbohydrates or sugars were not significantly associated with
FAD or symptom scores in the current study. Notably, dietary intake of whole-grain
products were found to be somewhat protective against addictive-like eating
behaviors, decreasing odds of FAD classification by 7%. This is an interesting finding,
and may suggest that specific subtypes of carbohydrates may have different effects on
addictive-like behaviors based on their degree of processing and glycaemic load (183).
Glycaemic load has been shown to predict the types of problematic foods associated
with addictive eating behaviors more than sugars or net carbohydrate content and thus
warrants further investigation (242).
Higher intakes of energy-dense, nutrient-poor foods including candy, baked sweet
products, and take-out foods were associated with higher YFAS symptom scores.
These foods typically contain large quantities of added fat, sugar and salt (sodium) to
increase their palatability; hence it is not surprising that a positive relationship was
identified between dietary intakes of fat, particularly saturated fat, and symptom
scores. Interestingly, no significant relationships were identified between symptom
scores and other key nutrients including sugar and sodium, unlike previous research in
the area (421). The YFAS does not assess the actual frequency of addictive-like eating
episodes and therefore periodic or infrequent episodes of addictive eating may not
impact dietary intake in such a way that statistically significant differences in nutrient
intake profiles can be detected according to food addiction status. Future research
should assess the frequency and quantity of food consumed during these periods of
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addictive-like eating, as well as binge eating behavior to determine the long term
effects on dietary intake profiles.
Higher symptom scores were related to lower intakes of nutrient-dense core foods,
which is significant given that lower intakes of these foods carry an increased risk of
chronic conditions (382, 435-437). Although statistically significant, the effect sizes for
the relationships between symptom scores and dietary variables were small, therefore
the clinical effect of these relationships may be limited. No significant associations
were identified between food addiction outcomes and any of the micronutrients
analyzed or diet quality. This is likely to have been influenced by the sample size
limiting statistical power. As poorer diet quality is associated with chronic disease as
well as risk of all-cause morbidity and mortality (438, 439), future studies are required
to evaluate the long-term health implications of diet profiles associated with addictivelike eating behaviors.
It has previously been shown that bulimic symptomology is strongly associated with
addictive-like eating behaviors as measured by the YFAS (195). It is possible that some
individuals within the FAD group classified as underweight or normal weight may
have displayed bulimic symptomology. Additional analyses of the FAD group alone
revealed that overweight/obese individuals reported lower intakes of core foods and
higher intakes of energy-dense, nutrient-poor foods compared to underweight/normal
weight individuals in this group. Therefore, even within the FAD group, individuals
report differences in dietary profiles that can contribute to differences in weight status
over time. The current study did not assess compensatory behaviors such as purging or
exercising, which may also explain differences in BMI.
This study provides preliminary evidence to inform a study using a larger, more
representative sample to assess the clinical implications of addictive-like eating
behaviors on food intake and diet quality. Future studies may also investigate the
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clinical applications of the YFAS including its use as screening tool to identify those
displaying addictive-like eating behaviors and to subsequently develop more effective
treatment approaches tailored to these individuals.
This study was limited by the predominantly female, well-educated, convenience
sample, reducing the generalizability of findings to the broader population. The crosssectional nature of the survey also precludes inferences regarding causality between
addictive-like eating and food intake and diet quality. It is possible that the
retrospective, self-reported nature of the FFQ led to underreporting of total energy and
nutrient intakes, particularly in those classified as overweight and obese (440, 441).
However, the AES has been previously shown to be a reproducible and reliable
estimate of dietary intake compared to weighed food records and dietary biomarkers
(251, 254). A further limitation of the study is the use of the SEIFA deciles as a proxy
for SES, where measures of advantage and disadvantage are assigned to areas, not to
individuals. Thus, although SEIFA is considered a standard measure and is commonly
used in Australia, it should be considered a proxy of SES based on area of residence,
and future studies should assess SES at the individual level. As the survey questions
were presented in the same sequence for all participants, it is possible that the order of
questions may have affected the responses of participants and future studies should
control for order effects by counterbalancing the order of questions. A further
limitation of the study was that presence of eating disorders was not assessed,
therefore it is possible that individuals with disordered eating may have been present
in the sample and influenced findings. Despite these limitations, this study provides
important exploratory data regarding potential relationships between dietary intake
profiles and YFAS defined food addiction.

4.7 Conclusions
This study used validated tools to in a novel analysis to characterize foods and nutrient
intakes associated with addictive-like eating behaviors, as assessed by the YFAS.
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Approximately fifteen percent of participants were classified as FAD and YFAS food
addiction diagnosis was associated with higher BMI’s. Higher intakes of whole-grain
products were related to lower odds of classification as FAD while higher intakes of fat
were associated with higher odds of FAD. Additionally, higher intakes of energydense, nutrient-poor foods were related to higher symptom scores. However, the effect
sizes were small, limiting the clinical significance of these findings. Future studies
investigating larger, more nationally representative samples are required to
substantiate the findings of this study and explore further associations between YFAS
food addiction outcomes and diet profiles.
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5.1 Overview
Web-based approaches are becoming a common method to administer health surveys
that assess the relationship between health and weight status, as well as for the
delivery of weight loss programs and nutrition consultations. Despite the increase in
the use of online approaches, no studies have aimed to assess the accuracy of online
self-reported height, weight and calculated BMI in young adults. Given that weight
status could potentially be associated with food addiction, it was important to establish
this as a suitable method of data collection in order to conduct online food addiction
surveys.

This

chapter

presents

a

validation

study

of

online

self-reported

anthropometrics. The aim was to evaluate the accuracy of online self-reported height
and weight, as well as calculated BMI, compared to the corresponding objectively
measured data. This Chapter aligns with Secondary Aim 4 and begins verbatim from
Section 5.2.

5.2 Abstract
Background: Web-based approaches are an effective and convenient medium to deliver
eHealth interventions. However, few studies have attempted to evaluate the accuracy
of online self-reported weight, and only one has assessed the accuracy of online selfreported height and body mass index (BMI).
Objectives: This study aimed to validate online self-reported height, weight, and
calculated BMI against objectively measured data in young Australian adults.
Methods: Participants aged 18-35 years were recruited via advertisements on social
media sites and reported their current height and weight as part of an online survey.
They then subsequently had the same measures objectively assessed by a trained
researcher.
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Results: Self-reported height was significantly overestimated by a mean of 1.36cm (SD
1.93; P<0.001), while self-reported weight was significantly underestimated by -0.55 kg
(SD 2.03; P<0.001), as too was calculated BMI by -0.56 kg/m2 (SD 0.08; P<0.001). The
discrepancy in reporting resulted in the misclassification of BMI category of three
participants. Measured and self-reported data were strongly positively correlated
(height r=0.98, weight r=0.99, BMI r=0.99, P<0.001). When accuracy was evaluated by
BMI category and gender, weight remained significantly under-reported by females
(P=0.002) and overweight/obese participants (P=0.02).
Conclusions: There was moderate to high agreement between self-reported and
measured anthropometric data. Findings suggest that online self-reported height and
weight can be a valid method of collecting anthropometric data.

5.3 Introduction
Web-based approaches are becoming an increasingly popular and effective medium to
collect epidemiological data and deliver eHealth interventions (442, 443). Web-based
delivery is more cost effective than face-to-face interaction (444), can improve access to
services for those in rural and remote locations and allows provider contact with a
large number of people simultaneously (445). Online data collection and delivery of
programs is also convenient with materials accessible at any time online, allowing for
participation at times that are opportune or outside regular hours (446).
To be effective, data that is self-reported via eHealth studies need to be reliable and
accurate so that a participant’s health status can be assessed and progress can be
monitored. Discrepancies between measured and self-reported anthropometric data
can lead to a misclassification of weight status and can thus affect assessment of
participant health. Therefore the validation of self-reported web-based data is essential.
Previous research indicates that a variety of factors including gender, age and body
mass index (BMI) can affect the accuracy of paper-based and interview-based self130

reported anthropometric data (447, 448). There is a trend for height to be overestimated
and weight and body mass index (BMI) to be underestimated (449-453). This leads to a
subsequent misclassification of BMI category as a result of misreported anthropometric
data (448, 449, 454), which is significant given that BMI is a commonly used indicator
of health status in epidemiological research. Given these differences exist, it is likely
that similar differences may exist between online self-report and measured data;
however to date, the latter has not been well explored.
Self-reported data is subject to influence by factors including social desirability and
mode of data collection, leading to estimation bias of anthropometric data (455)]. Social
norms to conform to a certain body ideal can affect reporting of anthropometric data
(456), with one study reporting the classification of more individuals as obese in faceto-face interview compared to via telephone interview (457). Mail-in surveys are
associated with more accurate reporting of anthropometric data as it is not as likely to
be affected by social pressures associated with data collection via interview. Similar to
mail-in surveys, it may be assumed that the anonymity of Web-based data collection
may result in more accurate self-reporting compared to face-to-face and telephone
interview. However, in a study conducted by Lassalle et al (458), reporting bias of
Web-based self-reported anthropometric data was similar to that observed in face-toface interviews. Therefore, the level of reporting bias associated with Web-based selfreporting of anthropometric data must be studied to determine its accuracy and
appropriateness as a method of data collection.
To the authors’ knowledge, very few studies have assessed online self-reported data.
One study that recruited adult participants (n=2513) found significant underreporting
of online self-reported weight by -0.49 kg and overreporting of online self-reported
height by 0.56 cm. This resulted in the significant underreporting of BMI in the study
(P < 0.05). In addition, Bonn et al found significant underreporting of weight (mean
difference -1.2 kg, SD 2.6), although they validated online self-reported weight alone
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(459) without validating online self-reported height or BMI. Similarly, a study
conducted by Harvey-Berino (444) found significant underreporting of weight (mean
difference= -0.86 kg). However, this study was set in the context of a weight loss
intervention, which could have potentially made them more aware of their current
weight, that is, they were less likely to have misreported their data, although that could
not be assessed. Additionally, the study sample population were all in the
overweight/obese category (mean BMI 35.6 kg/m2, SD 6.5, range= 25 - 50).
No studies have attempted to validate online self-reported height, weight and BMI
data in the young adult population. To the best of our knowledge the current study is
the first to evaluate accuracy of web-based self-reported height compared to measured
height in the young adult population in all weight categories. This has allowed for the
calculation and comparison of BMI from self-reported and measured data in the youth
population. The aim of this study was to validate self-reported height, weight and
calculated BMI data via an online survey compared to objectively measured data in
young Australian adults.

5.4 Methods
5.4.1 Participants
Males and females living in New South Wales, Australia, aged 18-35 years were
recruited from March-May 2013 via a media release coordinated by the University of
Newcastle, Australia including advertisement on the University website, online blog,
and ‘virtual snowballing’ using social media sites including Facebook. Participants
were excluded if they were currently pregnant or not currently living in Australia. The
current study was conducted as part of a 164-item online food addiction survey that
took approximately 30 minutes to complete. This survey included questions
investigating perceptions of food addiction, demographic details, anthropometric data
and current dietary habits. As part of the survey, respondents were asked to self-report
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their current height and weight via the online tool, Survey Monkey (460). Demographic
information was collected including gender, age, education and postcode. Socioeconomic status was determined using the Socio-economic Indexes for Areas (SEIFA)
deciles, whereby postal areas receive a score of 1 to 10, with the lowest 10% of areas
given the score of 1 and the highest 10% of areas are given the score of 10. Self-reported
BMI was calculated from online self-reported height and weight using the standard
equation weight / height2 (kg / m2). Upon completion of the survey, participants were
invited to attend a voluntary anthropometric measurement session on campus at the
University of Newcastle and were contacted via email to select their preferred time via
the online scheduling link, Doodle (461). Within 1 month of completing the survey,
body measurements were taken by a trained assessor using a standardized protocol.
Participant height was measured to 0.1 cm by the BSM370 Stadiometer and were
provided with verbal instructions as per the stretch stature method (462). Weight, fat
mass and fat free mass were measured to 0.1 kg using the InBody720 bioelectrical
impedance analyzer with shoes and heavy clothing removed. BMI was calculated
using the same equation used for the calculation of self-reported BMI and participants
were subsequently classified as underweight (< 18.49 kg/m2), healthy weight (18.0 24.99 kg/m2), overweight (25.0 - 29.99 kg/m2) or obese (> 30.0 kg/m2) using the World
Health Organization cut points (11). At the end of the session, participants were
provided with personalized feedback of their results relative to normative standards.
Written informed consent was obtained from all participants prior to measurement.
This study was approved by the University of Newcastle Human Research Ethics
committee.

5.5 Statistics
Participant characteristics were checked for normality and analyzed descriptively, with
mean± standard deviation reported. Paired t tests were used to evaluate differences
between self-reported and measured data. Pearson correlation was used to examine the
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strength of linear relationships between self-reported and measured data. To further
investigate the relationship between variables, a multiple regression model using age,
gender, and BMI was used. The degree of agreement between self-reported and
measured data was also assessed using Bland-Altman plots (463). Cohen’s d was used
to compare effect sizes across different measures (429) and allows for a more direct
comparison of intervention effects on each outcomes variable. These were calculated
using the mean difference and the pooled standard deviation of the group (d= M1-M2 /
бPooled). Respondents were grouped and analyzed by age (18-25 years, or >25-35
years), gender and BMI category (healthy weight, or overweight/obese) to determine
differences between self-reported and measured data both within groups and across
groups. Due to the small sample sizes, overweight and obese participants were
grouped and analyzed together and underweight participants were excluded from
analysis. Statistics were computed using Stata V12. Significance level was set at .05.

5.6 Results
A total of 504 participants completed the broader food addiction survey, with n=117 in
the validation study (23.2%). Participant characteristics are described in Table 5-1.
Participants were predominantly female (79.5%, 93/117) with a mean age of 23.74 years
(SD 3.92, range 18-35 years) and were from a range of socioeconomic backgrounds
(35% SEIFA 5-6 deciles). The most commonly reported highest level of education
achieved by the participants was a higher school certificate (46.2%, 54/117) followed by
a university degree (29.1%, 34/117). Mean BMI calculated from measured data was
24.18 kg/m2 (SD 5.62, range 16.3-53) with the majority of participants classified as
healthy weight (73.5%, 86/117). Three participants were classified as underweight, 16 as
overweight and 12 as obese. BMI calculated using self-reported data did not change
BMI classification significantly with 5 participants classified as underweight, 87 as
healthy weight, 13 as overweight and 12 as obese. There were no significant differences
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between study participants and non-participants (n=367) of the larger survey with
respect to demographic variables and self-reported height and weight (p>.05).

Table 5-1: Baseline data of adults participating in Web-based food addiction study

Number of participants (n)
Age [years], mean (SD)
SEIFA a deciles (n, %)
1-2 (lowest)
3-4
5-6
7-8
9-10 (highest)
BMI b category [kg/m2] (n, %)
Underweight
Healthy Weight
Overweight
Obese
Fat mass (kg)
Fat free mass (kg)
Body fat (%)
a

Male
24
24.54 (3.57)

Female
93
23.45(4.54)

Total
117
23.74 (3.92)

0 (0)
5 (20.8)
6 (25.0)
5 (20.8)
8 (33.3)

4 (4.3)
23 (24.7)
35 (37.6)
15 (16.1)
16 (17.2)

4 (3.4)
28 (23.9)
41 (35.0)
20 (17.1)
24 (20.5)

0 (0)
19 (79.2)
4 (16.7)
1 (4.2)
11.20 (8.87)
65.20 (9.02)
13.89 (6.85)

3 (3.2)
67 (72.0)
12 (12.9)
11 (11.8)
20.33 (13.28) c
46.18 (6.34) d
28.58 (9.38) d

3 (2.6)
86 (73.5)
16 (13.7)
12 (10.2)
18.43 (13.00)
50.10 (10.34)
25.48 (10.63)

SEIFA= socioeconomic index for areas,
P<.001

b

2 c

BMI= Body mass index = weight (kg/ height (m) ,
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P=.002,

d

Differences in self-reported and measured data as well as effect sizes are reported in
Table 5-2 and Table 5-3. Mean self-reported height, 169.35 cm (SD 8.86) was
significantly higher than measured height (mean 167.99, SD 8.37cm, mean difference
1.36, SD 1.93, P<.001). Self-reported weight (mean 67.93, SD 17.39) was significantly
lower than measured weight (mean 68.48, SD 17.59kg, mean difference -0.55, SD
2.03kg, P=.004). As a result of the discrepancies between self-reported and measured
height and weight, BMI calculated from self-reported height and weight was
significantly lower than measured BMI (mean -0.56, SD 0.08kg/m2, P<.001). Selfreported height and weight and calculated BMI were highly correlated with the
corresponding measured data (height r = .98, weight r = .99, BMI r =.99, P <.001). Figure
5-1, Figure 5-2 and Figure 5-3 displays the Bland Altman plots for the average versus
mean difference in self-reported and actual measurements. The limits of agreement
(LOA) were wide for each variable of height, weight and BMI. At the group level, the
majority of values fell within the LOA (2SD) indicating a fairly good level of
agreement. In descending order, the mean difference (LOA) when compared to
measured data for each variable was -0.55 kg (-4.61, 3.51) for weight, 0.56 kg/m2 (-1.26,
2.37) for BMI and 1.37 cm (-2.49, 5.22) for height. Analysis using Cohen’s d showed
there was no or little effect (Cohen’s d =<.50) on all variables (height, weight, BMI);
range was 0.01-0.30. Despite the lower number of male participants, effect sizes were
generally higher for males than females.
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Table 5-2: Differences between Web-based self-reported and measured height (cm) and weight (kg) in adults (n=117) grouped by BMI, age, gender.

All
Gender
Male (n=24)
Female n=93)
P value between groups
Age (years)
18-25 (n=87)
>25-35 (n=30)
P value between groups
BMI c (kg/m2)
Healthy weight (n=86)
Overweight/ Obese (n=28)
P value between groups
a

b

c

Self-reported
height
Mean (SD)

Measured
height
Mean (SD)

Difference

Pa

db

167.99 (8.37)

Mean (SD)
1.36 (1.93)

Self-reported
weight
Mean (SD)

169.35 (8.86)

<.001

0.16

180.48 (7.52)
166.50 (6.56)

178.69 (6.94)
165.20 (6.21)

1.79 (1.71)
1.29 (2.02)

<.001
<.001
.23

169.11 (8.82)
170.05 (9.08)

167.76 (8.36)
168.63 (8.50)

1.35 (1.99)
1.42 (1.75)

169.04 (9.10)
170.89 (8.30)

167.63 (8.56)
169.59 (8.00)

1.41 (2.05)
1.30 (1.63)

P value, Cohen’s d, BMI = Body mass index = weight (kg/ height (m)

Measured weight

Difference

Pa

da

67.93±17.39

Mean (SD)
68.48 (17.59)

Mean (SD)
-0.55 (2.03)

.004

0.03

0.25
0.20

76.13± 13.81
65.82± 17.70

76.31 (14.72)
66.48 (17.80)

-0.18 (2.38)
-0.60 (1.91)

.71
.002
.32

0.01
0.04

<.001
<.001
.88

0.15
0.17

65.74± 16.02
74.30± 19.82

66.22 (16.00)
75.04 (20.45)

-0.50 (2.00)
-0.74 (2.06)

.028
.058
.55

0.03
0.03

<.001
<.001
.80

0.16
0.16

61.81±7.71
89.16± 21.63

62.12 (7.51)
90.52 (21.40)

-0.31 (1.63)
-1.36 (2.97)

.08
.02
.02

0.04
0.06

2
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Figure 5-1: Level of agreement between self-reported and measured height (cm).
Solid line represents the mean difference and dotted line represents the limits of agreement (LOA).

Figure 5-2: Level of agreement between self-reported and measured weight (kg).
Solid line represents the mean difference and dotted line represents the limits of agreement (LOA).

Figure 5-3: Level of agreement between BMI calculated from self-reported and measured data
2
(kg/m ).
Solid line represents the mean difference and dotted line represents the limits of agreement (LOA).
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When grouped by BMI category, self-reported and measured weight did not differ
significantly in healthy weight participants (P=.07) but remained significantly underreported in overweight/obese participants (P=.02). Discrepancies between self-reported
and measured weight and BMI were significant between those overweight/obese
compared to healthy weight (P=.02 and P=.03 respectively). Self-reported weight was
significantly under-reported by females (P=.002) but not by males (P=.71). Differences
between self-reported and measured height were significant for males and females
(P=.02 and P=.03 respectively). When grouped by age category, individuals aged 18-25
years were found to significantly under-report weight (P=.02), but not in individuals
>25 years (P=.06). Height and BMI remained significantly misreported for all groups
when grouped by BMI, age and gender. When controlling for variables including
gender, age and BMI, the relationship between self-reported and measured data for
each outcome measure remained highly significant (P<.001). However, these additional
explanatory variables did not increase the strength of the associations.
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Table 5-3: Differences between Web-based self-reported and measured BMI (kg/m ) in adults
(n=117) grouped by BMI, age, gender.

All
Gender
Male (n=24)
Female n=93)
P value between groups
Age (years)
18-25 (n=87)
>25-35 (n=30)
P value between groups
BMI (kg/m2)
Healthy weight (n=86)
Overweight/ Obese (n=28)
P value between groups
a

b

Self-reported BMI
Mean (SD)
23.66 (5.60)

Measured BMI
Mean (SD)
24.18 (5.62)

Difference
Mean (SD)
-0.56 (0.08) a

Cohen’s d

23.30 (3.38)
23.75 (6.18)

23.80 (3.66)
24.31 (6.06)

0.51 (0.97) b
0.57 ( 0.89) a
.78

0.14
0.10

22.94 (5.21)
25.63 (6.29)

23.46 (5.17)
26.28 (6.40)

0.52 (0.91) a
0.65 (0.89) a
.51

0.12
0.11

21.60 (1.74)
30.57 (7.56)

22.06 (1.58)
31.46 (7.26)

-0.46 (0.77) a
-0.89 (1.22) a
.03

0.30
0.12

c

2

P<.001; P=.02; BMI = Body mass index = weight (kg/ height (m)
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0.11

5.7 Discussion
This is the first study to evaluate the accuracy of online self-reported height and weight
in a young adult population. Compared to objectively measured data, online selfreported height was significantly overestimated while weight was significantly
underestimated. As a consequence of the differences in self-reported and measured
height and weight, self-reported BMI was significantly underestimated by participants;
this underestimation of BMI changed the classification of BMI category of three
participants. Measured and self-reported height, weight and BMI were all strongly
positively correlated with moderate levels of agreement. When grouped by BMI, age
and gender, self-reported weight remained significantly under-reported by females,
overweight/obese participants, and individuals <25 years. Effect sizes in this study
(Cohen’s d) for sub groups were considered small and likely to reflect the overall small
sample size.
There was fairly good agreement between self-reported and measured data in the
current study. Thus, online self-reported height and weight can be accepted as a
satisfactory method of data collection in web-based weight interventions, which is in
agreement with international studies (444, 458, 459). The discrepancies between selfreported and measured weight in the current study were smaller than those reported
by two previous online studies validating weight solely (444, 459), but were greater
than those reported by a third larger study which also assessed height and BMI (458).
In addition, misreporting of anthropometric data in the current study related to BMI
classification (458) and gender bias (459) is consistent with previous research in the
area. These discrepancies in online self-reported data highlights that the same medium
should be used to collect data for repeated measures within trials.
The generalizability of the current study may be limited by the recruitment of a
convenience sample of predominantly female participants who were interested in a
survey about food addiction. Those who volunteered to be measured were participants
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in an online food addiction survey where the only incentive was providing
personalized feedback regarding height, weight and body composition. Thus it is
possible that these individuals may be more motivated than the general population
and the smaller magnitude of differences in the current study compared to previous
paper based self-reported studies (450-453) could be evidence that measurements may
be affected by volunteer bias. However, the participants that were measured were
representative of the larger online survey sample.
Another limitation of the study is the time lapse of one month between self-report and
measurement. Logistical issues related to time taken to recruit participants and
accessing measurement facilities resulted in a longer period of time between self-report
and measurement than previously conducted studies. This time-lag between selfreport and measurement could potentially be enough time for weight to have changed.
This is particularly important in college aged participants whose weight has been
shown to fluctuate rapidly (464), or could be enough time for weight to change if an
individual was participating in a weight loss program. It is possible that the
instructions given to the participants in self-reporting data, the clothing worn by
participants at time of measurement and the use of different measuring equipment by
participants compared to the calibrated equipment used by the trained assessor could
have introduced measurement bias (449). However, we would expect to see systematic
and larger differences between self-reported and measured data than the results
obtained if differences were due to measurement error.
Strengths of the study include the use of measured height to validate calculated BMI
and the inclusion of adults from all weight categories to allow for comparison of selfreported anthropometric data based on weight status. The current study is important
as it includes individuals from a range of weight status categories, including healthy
weight.

142

5.8 Conclusion
Self-reported height was significantly overestimated and self-reported weight
significantly underestimated by Australian adults aged 18-35 years. However, there
was fairly good agreement between self-reported and measured data and these were
strongly positively correlated. When grouped by BMI category and demographic data,
self-reported weight remained significantly under-reported by individuals classified as
overweight/obese, females, and individuals <25 years only. These findings suggest that
online self-reported height and weight can be a valid method of collecting
anthropometric data and calculating BMI. Future studies with larger sample sizes and
repeated measures over time in eHealth research contexts are required.
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6.1 Overview
The review presented in Chapter 3 identified that no studies have used a longitudinal
design to assess food addiction over time in a non-clinical population. It is therefore
unclear as to whether food addiction, as operationalised by the Yale Food Addiction
Scale (YFAS), is a temporally stable construct. This Chapter presents a novel study that
assessed food addiction at two time points in the same population sample. The aim
was to determine the stability of the YFAS scoring outputs over eighteen months in a
non-clinical population of young adults, and to evaluate whether change in weight
status or participation in weight loss behaviours explain the variance in YFAS scores
over time. This Chapter aligns with Secondary Aim 5 and begins verbatim from Section
6.2.

6.2 Abstract
The Yale Food Addiction Scale (YFAS) is a widely used tool to assess the behavioural
indicators of addictive-like eating. No studies, however, have used a longitudinal
design to determine whether these addictive-like eating behaviours are a stable or
transient phenomenon in a community-based population. This study aimed to evaluate
whether food addiction Diagnosis and Symptom scores as assessed by the YFAS remain
stable over 18-months in a non-clinical population. Young adults aged 18-35 years were
recruited from the community to a web-based survey in 2013. The survey included
demographics, anthropometrics and the YFAS. Participants who volunteered to be
recontacted for future research were invited to complete the same survey 18-months
later. The YFAS scoring outputs Diagnosis and Symptom scores were tested for
agreement and reliability between the two time points. Of the 303 participants who
completed the original survey and agreed to be recontacted, 69 participants (22.8% of
those recontacted, 94% female, 67% normal weight at baseline) completed the 18month follow-up survey. At baseline, thirteen participants met the YFAS predefined
criteria for Diagnosis, while eleven participants met these criteria at the 18-month
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follow-up. YFAS Diagnosis was found to have moderate agreement [K=.50, 95%CI (.23,
.77)] between the two time points while Symptom scores had good agreement [K=.70,
95%CI (.54, .83)]. Intraclass correlation coefficients were interpreted as moderate over
the 18-month period for both the Diagnosis [ICC=.71, 95%CI (.45, .88)] and Symptom
scores [ICC=.72, 95%CI (.58, .82)]. YFAS assessed food addiction Diagnosis and Symptom
scores were found to be relatively stable over 18-months in a non-clinical population of
predominantly female, young adults. Future research is required to determine the
impact of behavioural weight loss interventions on YFAS assessed addictive-like
eating.

6.3 Introduction
‘Food addiction’ is a concept that is widely accepted by the general public and one that
has been gaining increasing attention in scientific research (169, 420). It has been
suggested that addictive-like eating behaviours could be an additional factor
contributing to overeating and the development of obesity (7). Numerous behavioural
and neurobiological similarities have been described between food and both substance
and behavioural addictions (8, 160). However, the recognition of ‘food addiction’ as a
clinical disorder remains highly debated (241, 242). This debate may be due in part to a
lack of characterisation of the ‘food addiction’ construct using validated tools until
recent years, with the assessment of addictive-like eating behaviours historically
relying on self-identification or administering non-validated tools (5, 257). In addition,
it is unclear as to whether behaviours associated with addictive-like eating are a stable
or transient phenomenon over time.
The Yale Food Addiction Scale (YFAS) was developed in 2009 to assess the behavioural
indicators of addictive-like eating (143) and has rapidly facilitated an increase in the
number of studies seeking to evaluate the ‘food addiction’ construct using a
standardised tool (420). Although there is no definition for ‘food addiction’, this
construct is referred to in the context of the YFAS for the remainder of this paper. The
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YFAS currently assesses food addiction based on the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV) diagnostic criteria for substance dependence (166). The
tool has previously been demonstrated to have sound psychometric properties (143,
190) and has since been validated in a number of different languages (194, 383, 388,
465, 466). Numerous variations of the YFAS have now been developed including a
shortened version (modified-YFAS) (386, 397) as well as a version adapted for the
assessment of children (YFAS-C) (396).
Although becoming more widespread in use, only one study has used the YFAS to
evaluate the food addiction construct at more than one time point, assessing the
influence of bariatric surgery on addictive-like eating (394). Pepino et al. administered
the YFAS pre- and post- gastric bypass surgery in a clinical sample (n=44) and reported
that the prevalence of food addiction decreased from 32% at baseline to 2% at 9-month
follow-up (394). These decreases are likely related to significant changes in eating
behaviours secondary to the surgical intervention as well as the dietary counselling
provided between the two assessment points (467). Food addiction, as assessed using
the YFAS, has been shown to be associated with body mass index (BMI) as a measure
of weight status (386, 387, 393, 420) and more recently Price et al. reported that food
reward responsivity, derived from a number of structured eating behaviour
questionnaires including the YFAS, positively predicted BMI when coupled with high
impulsivity (468). Therefore post-surgical reduction in BMI of approximately 10kg/m2
achieved by participants in the Pepino et al. study may also have influenced addictivelike eating behaviours at follow-up.
No studies have used a longitudinal design to investigate the stability of food
addiction ‘Diagnosis’ or ‘Symptoms’ over time in a non-clinical population sample. In
addition, no studies have assessed factors that could potentially affect YFAS food
addiction scores over time. Given the rapid growth in food addiction research (420),
the identification of appropriate tools to assess addictive-like eating is imperative and
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timely. Examining whether YFAS assessed food addiction is a stable or transient
phenomenon is important to establish construct validity and support the use of the
YFAS as an appropriate means to measure addictive-like eating. The majority of
studies that have investigated food addiction using the YFAS as a tool have been
conducted in clinical samples (420). It is possible that individuals in clinical samples
may have comorbidities, or are subject to rigorous drug or behavioural interventions,
that could act as confounding factors when assessing addictive-like eating over time. A
free-living community sample offers insight into the ability of the tool to detect
changes in these behaviours over time and could facilitate the development and
evaluation of interventions designed specifically to target addictive-like eating. The
primary aim of this exploratory study was to determine if YFAS assessed food
addiction ‘Diagnosis’ and ‘Symptom scores’ remain stable in a non-clinical population
sample of young adults over an 18-month period. The secondary aim was to evaluate
whether a change in weight status or engaging in weight loss behaviours was related
to change in scores over time.

6.4 Methods
6.4.1 Participants
Full details of the complete food addiction survey are published elsewhere (469).
Briefly, young adults aged 18-35 years were recruited from the community to a webbased survey via a media release co-ordinated by the University of Newcastle from
March to May of 2013. Participants were eligible if they were aged 18-35 years,
currently living in Australia, were proficient in the English language and were not
currently pregnant. The original survey was completed by 462 participants, with 303
(60%) individuals electing to be recontacted for future research. A total of 69
participants (22.8%) completed the second survey.
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6.4.2 Measures
The YFAS is a 25 item tool that assesses addictive-like eating behaviours in the
previous twelve months (143). The YFAS assesses the presence of seven food addiction
‘Symptoms’ according the criteria for substance dependence (166). These symptoms
include: ‘Tolerance’, ‘Withdrawal’, ‘Larger amounts consumed than intended’, ‘Persistent
desire or unsuccessful attempts to cut down’, ‘Much time spent using or recovering from
substance’, ‘Continual use despite knowledge of consequences’ and ‘Activities given up due to
use of substance’. In addition, the YFAS assesses ‘Clinical impairment or distress’
experienced as a result of addictive eating behaviours. The original validation of the
YFAS demonstrated adequate internal consistency (α= 0.86) (143). The Cronbach alpha
coefficient for the current study was 0.86 indicating adequate internal reliability.
The YFAS provides two scoring outputs including a total ‘Symptom score’ and a
‘Diagnosis’ of food addiction. The ‘Symptom score’ ranges from zero to seven, which
corresponds to the number of DSM-IV diagnostic criteria reported with respect to
eating behaviour. In addition, a ‘Diagnosis’ of food addiction is assigned to participants
who endorse three or more symptoms plus satisfy the clinical impairment or distress
criteria, in line with the diagnostic criteria for substance dependence. Although food
addiction is not recognised as a clinical disorder, the terms ‘Symptoms’ and ‘Diagnosis’
are referred to in the context of the YFAS predefined scoring outputs and are used for
brevity in subsequent sections of this paper.

6.4.3 Procedure
6.4.3.1 Original food addiction survey.
The original survey was made up of 174 items including eligibility questions (3 items),
demographics (11 items), anthropometrics (5 items), the YFAS (25 items) and the
Australian Eating Survey food frequency questionnaire (120 items) to assess usual
dietary intake (251, 254, 256). The final page of the survey also included an optional
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contact details section where participants provided contact details if they were willing
to be recontacted for future research. The original online survey took approximately 30
minutes to complete. This study was approved by the University of Newcastle Human
Ethics Committee.
The study information statement was presented in the first screens of the survey and
those who elected to proceed were considered to have given informed consent to
participate. The following survey screens assessed participant eligibility, with
ineligible participants exited from the survey. Participants reported demographic
details including sex, indigenous status, postal code, marital status and qualifications.
The Socio-Economic Index For Areas (SEIFA) deciles (425), an indicator of advantage
and disadvantage based on the participants place of usual residence, was used as a
proxy for socioeconomic status (SES). To calculate this, postal codes were allocated a
score from 1-10 with higher scores denoting the most advantaged areas. Participants
also self-reported their height and weight as part of the online survey and this
information was used to calculate BMI using standard equations. Online self-reported
anthropometrics have previously been shown to be a valid method of data collection
(427).

6.4.3.2 18-month follow-up food addiction survey.
Participants who elected to be involved in future research were recontacted via email
to recomplete the online survey in November 2014, approximately 18-months
following the original survey. The follow-up survey took approximately ten minutes to
complete and included the same eligibility questions, demographics and YFAS as the
original study but did not include the Australian Eating Survey items. The eligibility
criteria were identical to the original survey, except that the age-related question was
modified to reflect eligibility if they were aged 18-35 years at the time of the original
survey.
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In addition to the questions from the original survey, four questions were asked about
smoking status and alcohol consumption. Participants also reported whether they had
participated in any new eating behaviours or weight loss programs during the
previous 18-months since the original survey. Participants were asked the question
“Have you been participating in any weight loss programs or adopted new eating behaviours
since completing the previous survey?” and were required to respond via a dichotomous
yes/no format. If participants answered yes to this question, they were required to
describe the behaviours via a free text response. All participants who reported
participating in weight loss behaviours (n=32) provided a response. Participants free
text answers were cross checked by two authors and all answers were deemed to
constitute weight loss behaviour. These behaviours were used to determine if changes
in diet and lifestyle could have contributed to changes in YFAS assessed food addiction
outcomes.

6.4.4 Data analysis
Data sets that were missing answers to any of the YFAS questions were deemed
incomplete and were excluded from analysis (n=8). Demographic and anthropometric
data were analysed descriptively. A Wilcoxon signed rank sum test was used to test for
differences in mean BMI between baseline and 18-month follow-up, and a Bowker’s
test was used to evaluate symmetry between the BMI categories at the two time points.
The YFAS food addiction Diagnosis and total Symptom scores were tested for agreement
and reliability between the two time points. Each of the individual YFAS symptoms
were also examined to assess the temporal stability of the underlying behaviours
associated with addictive-like eating. To assess the agreement between the original and
follow-up survey data, Cohen’s K (kappa) tests for concordance were undertaken for
the YFAS Symptoms and Diagnosis. Strength of agreement was interpreted as poor
(K=<.20), fair (K= .21-.40), moderate (K= .41-.60), good (K= .61-.80) or very good (K= .811.0) (470). Intraclass correlation coefficients (ICC) derived from unconditional mixed
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models were used to test the reliability of participants responses for the Diagnosis,
Symptom scores and each of the individual YFAS symptoms between the original and
follow-up survey. Changes in self-reported BMI and participation in weight loss
behaviours during the 18-month period between surveys were then added as
covariates in the mixed models to test whether within-subject changes in these
variables affected YFAS outcomes over time. Weight loss behaviours and BMI were
tested in separate models as well as in a model combining both variables. The ICC was
interpreted as weak (ICC= <.4), moderate (ICC=.4 -.75) or good (ICC= >.75) (471, 472). In
addition, an interaction term was used to test whether sex or age influenced the change
in scores over time. A significance level of p=.05 was set.

6.5 Results
Baseline sample characteristics of the 69 participants who completed both surveys are
presented in Table 6-1. When the characteristics of those participants who completed
the follow-up survey were compared to the sample recruited to the original survey
(n=462) (469), age and BMI did not differ significantly between the two samples,
however, the follow-up survey sample had a higher proportion of females compared to
the original sample (p=.05). Sixty-five (94.2%) of the follow-up survey completers were
female and mean age was 25.3±3.1 years at baseline. Mean self-reported BMI at
baseline was 23.9 ±5.9 kg/m2 (range 16.1-54.0 kg/m2) and the majority of participants
were classified as being of a normal weight (66.7%), followed by obese and overweight.
No significant differences in mean BMI (mean BMI 23.9 ±6.1 kg/m2, p=.47) or the
proportion of participants in each of the BMI categories (p=.20) were identified at 18months compared to baseline.
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Table 6-1: Baseline characteristics for participants with complete data sets for both surveys over
an 18-month period
Participant characteristics
Number of participants
Female
Age [years] [mean ± SD]
Indigenous
Self-reported BMI [kg/m2] [mean ± SD]
BMI category n (%)
Underweight
Normal weight
Overweight
Obese
Mean SEIFA decile [mean ± SD]
Highest qualification
No formal qualifications
School certificate or Higher school certificate
Vocational training
University degree or Higher university degree
Marital status
Married
Cohabitating
Never married
YFAS food addiction Diagnosis
Mean YFAS Symptom Score [mean ±SD]
Percentage of participants reporting specific YFAS symptoms
Larger amounts consumed than intended
Persistent desire or unsuccessful attempts to cut down or control eating
Much time spent obtaining food or eating or recovering from consumption
Social, occupational or recreational activities given up
Continued eating despite physical or psychological problems
Tolerance
Withdrawal symptoms
Clinically significant impairment or distress

Baseline characteristics
69
65 (94.2%)
25.3 ± 3.1
0 (0%)
23.9 ± 5.9
6 (8.7%)
46 (66.7%)
8 (11.6%)
9 (13.0%)
5.9 ± 2.4
0 (0%)
18 (26.2%)
11 (15.9%)
40 (58%)
11 (15.9%)
13 (18.8%)
45 (65.2%)
13 (18.8%)
2.7 ± 2.2
18 (26.1%)
62 (89.9%)
19 (27.5%)
16 (23.2%)
31 (44.9%)
19 (27.5%)
18 (26.1%)
15 (21.7%)

Unless otherwise specified, data are presented as count (%). BMI= body mass index, SEIFA= SocioEconomic Indexes for Areas, YFAS= Yale Food Addiction Scale.
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Only one participant reported being a current smoker and only one person reported
drinking alcohol once per day. Thirty-two participants (46.4%) reported they had
participated in changes to eating behaviours since the original survey. Of these, eight
participants reported they had undertaken organised weight loss interventions (e.g.
“Optifast intensive phase”), while 21 reported engaging in personally directed weight
loss behaviours (e.g. “Eating 1200 calories a day”). Twenty-three participants had
participated in changes to eating behaviours (e.g. “Fasting- 5:2 diet, daily fasting with
calorie counting”), and thirteen had participated in increased physical activity (e.g.
“Personal trainer 3 times per week”).
At baseline, thirteen (18.8%) of the 69 participants who completed both surveys met the
YFAS predefined criteria for Diagnosis of food addiction, while eleven participants
(15.9%) met the criteria for Diagnosis at 18-month follow-up. Only seven participants
met the predefined criteria for food addiction Diagnosis at both time-points. The mean
total Symptom score at baseline was 2.7 ±2.2 and 2.2±1.9 at follow-up. Agreement and
intraclass correlations are presented in Table 6-2. The strength of agreement between
YFAS food addiction Diagnosis at baseline and after 18-months was moderate [K= .50,
95% CI (.23, .77)]. The ICC for Diagnosis was interpreted as moderate between the two
time points [ICC= .71, 95% CI (.45, .88)]. Agreement for total Symptom scores was
classified as good between baseline and 18-month follow-up [K= .70, 95% CI (.54, .83)].
In addition, total Symptom scores were moderately correlated between the two
assessment points [ICC= .72, 95%CI (.59, .82)]. When the BMI and weight loss
behaviour variables were entered into the models, the ICC did not increase for either
the Diagnosis or total Symptom scores, indicating that these variables did not explain the
within subject variation in change in these YFAS scoring outputs. In addition, no
significant interactions were found between time and either sex or age when these
variables were entered into the models.
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Table 6-2: Kappa and intraclass correlation coefficients with 95% CI between baseline and 18-month measurements of YFAS diagnosis and symptoms (n=69)
YFAS food addiction outcome
Individual YFAS Symptoms
Larger amount consumed than intended
Persistent desire or unsuccessful attempts to cut down
Much time spent using or recovering from substance
Activities given up due to substance use
Continual use despite knowledge of consequences
Tolerance
Withdrawal
Impairment
Total Symptom Score
YFAS food addiction Diagnosis

a

b

Kappa

ICC

Model 1a

Model 2b

Model 3c

.55 (.31, .78)
.21 (-.13, .54)
.58 (.36, .80)
.35 (.08, .61)
.43 (.22, .64)
.52 (.28, .75)
.33 (.07, .58)
.57 (.34, .81)
.70 (.54, .83)
.50 (.23, .77)

.75 (.52, .90)
.44 (.08, .87)
.76, (.54, .90)
.55 (.24, .83)
.64 (.35, .85)
.74 (.49, .90)
.54 (.22, .83)
.75 (.52, .89)
.72 (.59, .82)
.71 (.45, .88)

.72 (.45, .89)
.42 (.07, .86)
.75 (.49, .90)
.52 (.20, .82)
.56 (.27, .82)
.74 (.47, .90)
.52 (.20, .82)
.73 (.48, .89)
.67 (.53, .79)
.67 (.35, .89)

.76 (.52, .90)
.44 (.08, .87)
.74 (.48, .89)
.51 (.18, .83)
.62 (.33, .85)
.74 (.48, .90)
.43 (.12, .81)
.72 (.46, .89)
.71 (.57, .81)
.65 (.31, .88)

.73 (.46, .89)
.42 (.08, .87)
.72 (.44, .89)
.50 (.17, .83)
.55 (.26, .81)
.74 (.47, .90)
.43 (.11, .81)
.71 (.42, .89)
.66 (.51, .78)
.59 (.22, .88)

c

ICC + BMI, ICC + WLB, ICC + BMI + WLB. BMI= Body mass index, ICC= intraclass correlation coefficient, YFAS= Yale Food Addiction Scale, WLB= weight
loss behaviours.
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The most commonly reported symptom for both surveys was Persistent desire or
unsuccessful attempts to cut down or control eating (both 89.9%). Agreement between the
original survey and follow-up was moderate for four of the seven individual YFAS
symptoms and the Clinical impairment or distress question, while Persistent desire or
unsuccessful attempts to cut down was found to have weak agreement (Table 2).
Intraclass correlation coefficients between the two time points were interpreted as good
for two of the symptoms and the Clinical Impairment or distress question, while
moderate correlations were found for the remaining symptoms. Weight loss
behaviours and BMI did not explain the within-person variance for any of the
individual symptoms.

6.6 Discussion
This exploratory study aimed to assess the stability of food addiction Diagnosis and
Symptom scores assessed by the YFAS over 18-months in a non-clinical sample of young
adults, and to determine whether change in weight status or weight loss behaviours
were related to YFAS scores over time. The current study found that the primary YFAS
scoring outputs, Diagnosis and Symptom scores, are relatively stable and reliable over
time in a non-clinical population. This indicates that the YFAS is an appropriate tool to
assess addictive-like eating behaviours over time. Importantly, participants were
unaware of their food addiction classification according to the YFAS from the original
survey, helping to reduce potential reporting bias in the follow-up survey based on
known food addiction status. In studies using the YFAS, the Diagnosis scoring output is
more commonly reported compared to total Symptom scores (420). The findings of the
current study suggest that YFAS total Symptom scores are a more stable and reliable
scoring option over time in a non-clinical population sample and that future studies
should report Symptom scores in addition to YFAS food addiction Diagnosis.
The temporal stability of the Diagnosis and Symptom scores in a non-clinical sample
supports the use of the YFAS as a suitable tool to track addictive-like eating behaviours
over time, and thus has a number of possible clinical implications. These findings
indicate that the YFAS could be used as a screening tool to identify those displaying
addictive-like eating tendencies, and thus relationships between YFAS symptoms and
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specific changes in health or weight status could be assessed prospectively. This also
suggests that interventions could be designed specifically to target addictive-like
eating, and that the YFAS could be used to detect behavioural changes that are directly
related to the intervention, rather than random fluctuation or variation in YFAS
symptoms. In addition, addictive-like eating behaviours are not limited to only clinical
samples, with several studies reporting the presence of YFAS assessed food addiction
in community-based samples (469). This study therefore provides important evidence
to characterise food addiction in non-clinical samples. Future research is needed to
evaluate whether this population sub-group have specific need in terms of optimising
their eating habits, weight status and health outcomes.
YFAS Diagnosis and Symptoms remained more stable in the current non-clinical sample
compared to the study conducted by Pepino et al. in a clinical bariatric sample (Pepino
et al., 2014), which suggests that the change in addictive-like eating behaviours in the
previous study are likely to be attributable to the intervention. Notably, the follow-up
measurement for YFAS assessed food addiction in this previous study occurred 9months following the surgical intervention (394) and bariatric patients often experience
weight regain in the longer term (43). Therefore future studies involving long-term
postoperative follow-up are necessary to determine if these bariatric patients regain
any of their lost weight, and the impact this may have on YFAS outcomes. In addition,
as the reporting period for the YFAS is the previous 12-months, the 9-month follow-up
would overlap with the reporting period of the baseline measurement. Longer term
studies are required to ascertain whether these changes in YFAS assessed food
addiction are also observed following behavioural weight loss interventions and
whether these changes are maintained over time.
Almost half of the sample in the current study reported participating in a variety of
weight loss behaviours. However, the addition of the variables BMI and weight loss
behaviours into each of the Symptoms and Diagnosis models did not explain the withinperson variance in any of the YFAS outcomes over time. This may be due in part to a
non-significant difference in BMI from baseline to 18-months and may suggest that the
follow-up was not a sufficient period of time to introduce significant within person
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variation related to BMI. This study did not use structured scales to assess weight loss
behaviours at each time point. The question regarding weight loss behaviours was
designed to detect a range of behavioural changes in the previous 18-months,
including diet and lifestyle changes for the purpose of weight loss. Future studies
should consider using more structured questions (e.g. dieting status) to assess changes
in diet and lifestyle behaviours over time. It is possible that the within-participant
changes observed in this study could be due to other factors such as change in
environmental influences including availability and exposure to specific types of food
that could potentially facilitate an addictive-like eating episode (242, 469). While the
female sex and increasing age have been shown to be associated with increased
addictive-like eating behaviours (420), the addition of these variables in the models did
not affect the change in scores over time. This may be explained by the overrepresentation of females in this sample.
The majority of the individual YFAS symptoms remained relatively stable over time.
The symptoms Withdrawal, Activities given up due to substance use and Persistent desire or
unsuccessful attempts to cut down remained less stable over time. In line with previous
research (5, 420), the symptom Persistent desire or unsuccessful attempts to cut down was
the most commonly reported symptom and the proportion of individuals endorsing
this symptom was identical at the two time points. However, this symptom was shown
to have the weakest agreement and correlations of any of the YFAS symptoms. This
may indicate that the behaviours associated with this symptom fluctuate over time or
that the YFAS items that assess this symptom require more specificity to ensure similar
behaviours are captured within the same individual over time.
A limitation of this exploratory study was the relatively small sample size given that
the prevalence of YFAS assessed FA diagnosis in community samples is typically low
(420). This study was also limited by the predominantly female, young adult
population sample that were of normal weight, which may limit the generalisability of
findings to the broader population and other demographic groups. The retention rate
between the initial survey and 18 month follow-up period was considered low (23%)
and may have been due to changes to participant contact details or relocation during
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the time between surveys. Hence the results of this study need to be interpreted with
caution, and may not be applicable to all participants from the original sample
population due to the low retention rate and differences in sample characteristics
between the two surveys. Thus, the findings of the current study require replication in
a larger, more population representative sample. As the sample was self-selected,
individuals displaying addictive-like eating behaviours may have been more interested
in completing both surveys, inflating the prevalence of food addiction. In addition, this
study used self-reported height and weight, which may have affected the accuracy of
participant BMI calculated from this data. However, online self-reporting of height and
weight was previously demonstrated to be relatively accurate in this population (469).
Furthermore, the presence of eating disorders was not assessed in the survey, meaning
that individuals with disordered eating may be present in the sample and could have
influenced findings. A further limitation of this study was that other measures of
eating behaviour such as dietary restraint were not assessed. Future studies should
examine possible inter-relationships between the YFAS and other eating behaviour
traits over time. The current study, however, provides preliminary evidence regarding
the stability of food addiction over time in a non-clinical population, which is currently
lacking in scientific literature.

6.7 Conclusion
This exploratory study found that the YFAS scoring outputs Diagnosis and total
Symptom scores remained relatively stable over an 18-month period in a non-clinical
population of young adults. The inclusion of BMI and weight loss behaviours in the
models did not explain the within-person variance in YFAS scoring outputs. This
suggests that the YFAS is an appropriate tool to assess addictive-like eating behaviours
and would be suitable to detect changes in addictive-like eating behaviours in the
context of intervention studies. Future studies should assess the stability of Diagnosis
and Symptom scores using other forms of the YFAS, including the shortened m-YFAS
and YFAS-C designed for children, as well as evaluating the test-retest reliability of the
tool over a shorter timeframe.

159

6.8 Conflicts of Interest
The authors declare no conflicts of interest.

6.9 Acknowledgements
KMP is supported by the Hunter Medical Research Institute’s Jennie Thomas Travel
Award, the Neville Eric Sansom Scholarship in Diabetes and the Hunter Valley
Research Foundation’s Robin McDonald Regional Research Memorial Scholarship. The
authors would like to thank Christopher Oldmeadow and Alessandra Bisquera for
their assistance with data analysis.

160

Chapter 7 Neural correlates of food addiction
“diagnosis” as assessed by the Yale Food
Addiction Scale: An exploratory pilot study in
young females
Pursey, K.M., Stanwell, P., Stroman, P.W., Collins, C.E., and Burrows, T.L. “Neural
correlates of food addiction “diagnosis” as assessed by the Yale Food Addiction Scale:
An exploratory pilot study in young females.”
This work will be submitted to the journal JAMA Psychiatry.
The work presented in the manuscript was completed in collaboration with the coauthors (Appendix 18).

161

7.1 Overview
The systematic review presented in Chapter 3 identified that there is a paucity of
evidence regarding the neural responses to food cues in individuals specifically
identified as food addicted. Only one study has investigated neural responses to the
sight and taste of food in combination with Yale Food Addiction Scale (YFAS)
symptom scores (143). However, this study was limited as very few participants met
the criteria for YFAS food addiction diagnosis. This Chapter presents a pilot study
investigating the differences in neural activation patterns in response to visual food
cues, according to food addiction diagnosis. The study paradigm was informed by
Chapters 2 and 4. This paper will be submitted to the journal JAMA Psychiatry.

7.2 Abstract
Background: Neuroimaging techniques such as functional magnetic resonance imaging
(fMRI) have identified neurobiological parallels between obesity and substance
addiction. Visual food cues have been shown to activate dopaminergic reward-related
brain circuits in a similar way to other substances of addiction. However, no studies
have assessed neural responsivity to visual food cues in individuals specifically
classified as “food addicted” using the Yale Food Addiction Scale (YFAS), a tool
designed to assess for the presence of addictive-like eating.
Aim: This pilot study aimed to explore whether differences in neural activity patterns
exist between young females classified as “food addicted” (FA) and “not food
addicted” (non-FA) using the YFAS in response to visual food cues, as detected by
blood-oxygen-level-dependent (BOLD) fMRI.
Methods: Females aged 18 - 35 years were recruited from an existing pool of food
addiction survey respondents. Six FA and six non-FA were recruited based on YFAS
scores. Participants attended a single session which included anthropometric data
measurements, hunger and appetite ratings, and two fMRI scans. The first scan
followed a four hour fast and the second was taken after drinking a meal replacement
beverage. The fMRI paradigm included a structural scan and a task-related fMRI
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acquisition while participants viewed (i) energy-dense, nutrient-poor “Junk” food
images, and (ii) fruit and vegetable “Healthy” food images.
Results: Participants were (mean ± SD) 24.1 ± 2.7 years of age with BMI of 26.4 ± 3.7
kg/m2. There were no significant differences between the FA and non-FA groups for
any of the demographic or anthropometric variables including highest qualification
achieved. The mean symptom score for the total sample was 4.3 ± 2.1, and the FA
group reported a significantly higher symptom score compared to the non-FA group
(FA= 5.8 ± 1.6, non-FA= 2.8 ± 1.3, p=.01). Differences in BOLD responses were identified
based on food addiction status in areas associated with reward processing (dorsolateral
prefrontal cortex [DLPFC], dorsal anterior cingulate cortex [ACC]), as well as areas
associated with decision making, memory, executive functioning and visual
processing. However, when analysed according to food addiction status, correlations
between symptom scores and BOLD responses in these areas were only significant in
the non-FA group.
Conclusion: This was the first study to assess neural responsivity to visual food cues
based on YFAS food addiction diagnosis. Preliminary findings suggest that fMRI
evaluation is feasible and sensitive to detecting differences in neural responsivity based
on food addiction diagnosis. However, the small sample size limits statistical power to
detect further between group differences, and larger studies are warranted. The
current study provides an evidence-informed methodology that can inform future
research.

7.3 Introduction
Obesity is a global public health concern, with 58% of the population worldwide
projected to be overweight or obese by 2030 (15). The majority of weight loss
approaches focus on behavioural changes, including decreased energy intake and
increased physical activity (34, 473). However, long-term success of interventions to
date is limited (34, 35, 39). In recent years, there has been increasing scientific interest
in the possible role that neurobiological mechanisms play in influencing overeating
and subsequent obesity (7, 168, 474). Animal studies have identified neuroadaptations
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in the brain dopaminergic reward circuits in response to palatable food intake that
resemble those of substance addiction (8, 145, 163). Neuroimaging techniques, such as
functional magnetic resonance imaging (fMRI), have provided insight into this
phenomenon in humans, with visual and olfactory food cues, as well as actual food
intake, activating reward-related brain circuits in humans in a similar way to
substances of abuse (79, 97, 475). This has led to suggestions that “food addiction” may
underlie particular patterns of overeating, weight gain and dietary relapse in
vulnerable individuals (1, 110).
Previous systematic reviews and meta-analyses in this area, including the review
presented in Chapter 2, have shown that obese individuals compared to those of
normal weight have increased activation in reward-related brain areas, including the
insula, orbitofrontal cortex [OFC], striatum, cingulate gyrus, dorsolateral prefrontal
cortex [DLPFC], caudate and amygdala (271, 274, 379). This is similar to patterns of
activation seen in substance addiction, such as cocaine (7, 110). In addition, participant
sex (333), hunger-state (316, 317) and energy density of presented foods (216, 217) have
been shown to influence reward-related neural responsivity. However, the brain
regions activated across studies have been variable, attributed in part to the range of
different conditions used across published studies, including the population groups
recruited, hunger-state and food images presented to participants (379). Obesity has
commonly been used as a proxy to assess reward-related activation and addictive-like
eating (214, 217). However, as obesity is a heterogeneous condition and it is not clear as
to the proportion of individuals who are indeed addicted to food in these
neuroimaging studies, addictive-like neural responses have not been consistently
reported. Therefore there is a need for studies which assess neural activation according
to food addiction status specifically.
The Yale Food Addiction Scale (YFAS) (143) is the only tool developed to date to assess
food addiction relative to the Diagnostic and Statistical Manual of Mental Disorders
version 4 (DSM-IV) criteria for substance dependence (166). Although there is currently
no clinical diagnosis for food addiction, the term is used as a construct in the context of
the YFAS for the remainder of this Chapter. The YFAS includes two scoring outputs, a
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“symptom score” out of seven and a food addiction “diagnosis”. Participants are
assigned a diagnosis of food addiction if at least three YFAS symptoms are reported,
plus the clinical impairment or distress criteria is endorsed, in line with the DSM-IV
diagnostic criteria for substance dependence (166). A previous systematic review (420),
presented in Chapter 3, identified that the prevalence of YFAS assessed food addiction
was higher in females (390, 398), overweight and obese individuals (386, 387) and in
adults aged >35 years (420). YFAS assessed food addiction has also been associated
with mental health conditions such as depression (188, 386) and binge eating disorder
(190, 191).
Despite an increase in the number of studies using the YFAS, only one study has
assessed the relationships between YFAS symptom scores and neural activation
patterns in response to the anticipation and actual consumption of a milkshake in
young females (420). Gearhardt and colleagues (181) reported that higher YFAS food
addiction symptom scores were associated with greater activation in response to a the
sight of a milkshake in areas associated with encoding the motivational value of food
cues [anterior cingulate cortex (ACC), medial OFC, amygdala, and the DLPFC], and
craving [ACC, medial OFC, amygdala], while actual consumption of the milkshake
reduced activation in areas associated with inhibitory control [OFC]. However, this
previous study was limited as only two of the 39 participants met the YFAS diagnostic
criteria for food addiction (181). Therefore, analysis of neural activity according to
YFAS food addiction diagnosis could not be conducted in the previous study. In
addition, the mean symptom score for the “high” food addiction group was considered
moderate, with a mean of 3.6 symptoms out of a possible seven endorsed. Therefore,
these findings may not reflect those in populations with higher food addiction
symptoms.
No studies to date have used fMRI to compare the neural responses of those classified
as “food addicted” compared to “not food addicted” using the YFAS predefined
criteria for food addiction diagnosis. This is an important area of research to determine
if the YFAS diagnosis scoring output can identify individuals who have maladaptive
neural responses to food, and may therefore be sensitive to food cues and addictive165

like eating. Studying this would assist in a better understanding of the adaptations in
neural circuitry associated with food addiction, and has the potential to inform future
weight loss approaches targeting those with addictive-like eating behaviours.
This pilot study aimed to investigate differences in neural responses of young females
classified as “food addicted” and “not food addicted” based on the YFAS, according to
(i) type of food image (i.e. energy-dense vs fruit and vegetables) and (ii) motivational
state (i.e. fasted vs satiated). It was hypothesised that differences in neural activity
would be observed between food addicted and non-addicted individuals in response
to energy-dense, nutrient-poor food images in areas that encode the reward value of
foods such as the insula, OFC, striatum, ACC and the DLPFC.

7.4 Methods
7.4.1 Participants
Australian females, aged 18-35 years, were recruited from an existing pool of
participants who had completed an online food addiction survey, from August to
September 2015 (469). The survey included demographics, anthropometrics, the YFAS
and Australian Eating Survey food frequency questionnaire (AES FFQ) (251, 256). At
the end of the survey, participants were asked if they would be willing to be
recontacted for future research. Full details regarding the survey can be found in
Chapter 4 (469). This study was approved by the University of Newcastle Human
Research Ethics Committee.
Participants were eligible if they lived within a one hour proximity to the imaging
facility (NSW, Australia) and their body mass index (BMI) was in the overweight or
obese categories. However, due to the difficulties with recruiting a sufficient number of
eligible participants, the eligibility criteria were broadened to recruit those in the
normal weight BMI category also. From the pool of participants from the original food
addiction survey, 77 met the inclusion criteria and were recontacted via email to
participate in the fMRI component of the study. Of those recontacted, 35 responded
that they were interested in participating and were sent the information statement.
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Interested participants completed the phone screening questionnaire, administered by
a trained researcher, to determine eligibility. Exclusion criteria included current
pregnancy, body mass exceeding 150 kg due to the table weight limit of the MRI
scanner, non-MRI compatible implants, claustrophobia, left handedness, pre-existing
medical or psychological conditions including Axis 1 disorders (e.g. anxiety,
depression), current disordered eating behaviour including binge eating, current
medications which may affect appetite, history of substance abuse, history of head
injury with loss of consciousness, allergy to any ingredients in the formulated meal
replacement, risk of adverse medical events as a result of fasting for four hours (e.g.
diabetes), or inability to refrain from cigarette smoking for twelve hours. Following
screening, seventeen participants were deemed not eligible due to mental health
comorbidity (n=8), unavailability during the scheduled fMRI times (n=3), binge eating
behaviour (n=2), metallic implants (n=2), medications that may affect appetite (n=1)
and inability to remain still (n=1). Five participants did not respond after receiving the
information statement.
Due to the lower number of “food addicted” (FA) individuals in the survey pool, those
classified as FA using the YFAS, were recruited to the study first. “Not food addicted”
(non-FA) participants were subsequently matched to the FA group, based on age and
weight status. Six recontacted participants who were classified as FA were deemed
eligible for inclusion in the study. From the existing pool of participants, seven non-FA
participants, who were matched as closely as possible to the FA group, were deemed
eligible for the study. Once eligibility was confirmed, written informed consent was
obtained from all participants.

7.5 Measures
7.5.1 Demographic survey
During the original online food addiction survey, demographic data including sex, age,
indigenous status, postal code, marital status and highest qualification were collected
(12-items). The Socio-Economic Index for Areas Index of Relative Socioeconomic
Advantage and Disadvantage (SEIFA ISRAD) was used as a proxy for socioeconomic
status (SES) (425). SEIFA allocates a score from 1-10 based on usual area of residence
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with higher scores indicating a higher SES. In addition, participants were asked at the
imaging session about smoking status, as well as current and history of dieting using
two questions adapted from Meule et al. (476) [“Are you currently restricting your food
intake to control your weight (e.g. by eating less or avoiding certain foods)?” “Have you ever
restricted your food intake to control your weight (e.g. by eating less or avoiding certain foods)?
If you answered yes, how many times have you tried to lose weight in last 5 years?”].

7.5.2 Yale Food Addiction Scale
The YFAS is a 25-item questionnaire which assesses addictive-like eating according to
the Diagnostic and Statistical Manual of Mental Disorders diagnostic criteria for
substance dependence (143, 166). The YFAS has been shown to have adequate
psychometric properties (original validation study Cronbach alpha= 0.86) (143). Two
scoring options are available in the YFAS, a symptom score from 0-7 based on the DSM
criteria for substance dependence, as well as a diagnosis of food addiction if >3
symptoms are reported as well as the clinical impairment or distress question.
Participants were selected for the current study based on the diagnosis score from the
YFAS from the online survey.

7.5.3 Anthropometrics
Participant anthropometric data were taken by a trained assessor (K.M.P.) using a
standardised protocol (462). Height was taken to the nearest 0.1 cm using a stadiometer
and the stretch stature method. Participant weight and body composition (fat mass,
percentage body fat, fat free mass) was assessed following the removal of heavy
clothing to the nearest 0.1 cm using the Inbody720 (477). BMI was subsequently
calculated and classified according to the World Health Organization cut points (478).

7.5.4 Appetite, hunger and image ratings survey
Participants completed a validated 8-item survey which included ratings of hunger,
satiety, fullness and prospective food consumption (479). The survey also assessed the
desire to eat specific types of food including sweet, salty, fatty, and savoury foods.
Participants were required to answer four questions regarding a subset of food images
(n=20) to be shown in the scanner using a 10 cm visual analogue scale (VAS), with 0 the
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lowest and 10 the highest. The questions for the food image ratings included, “How
appealing is this food?”; “How much do you desire to eat this food right now?”; “Does this
image increase your appetite?”; and “How much of this food do you think you could eat right
now?”. The food images were obtained from a standardised database (346) and
included ten images of energy-dense, nutrient-poor foods and ten images of fruit and
vegetables which were selected based on foods commonly reported in the AES, from
the cross-sectional survey presented in Chapter 4.

7.5.5 Image selection
7.5.5.1 Pilot ratings
Food images for the fMRI paradigm for use in this study were chosen from a
standardised

database,

which

reports

information

regarding

the

nutritional

composition and visual properties of images such as complexity, brightness and
resolution (346). It was recommended in the review presented in Chapter 2 that a
standardised database of images should be used in fMRI studies to improve
comparability of images across studies and replicability of the image paradigm in
future research (379). To confirm the translation of the German database to the
Australian population, pilot ratings of 177 food images were undertaken using six
Australian participants independent of the survey sample. Pilot participants (n= 3
female, mean age 27 years) answered three questions regarding recognisability,
familiarity and appeal of each of the foods. In addition, eleven food images, which
were particularly representative of foods available in the Australian food system and
matched to the database images for complexity, size, brightness and resolution, were
selected by the authors. Foods with low pilot ratings for recognisability and familiarity
were excluded (n=27). A final sample of 150 foods were used in the study, comprised of
75 energy-dense, appetising food images and 75 fruit and vegetable images.
Two groups of food were chosen for the study according to nutrient composition, (i)
energy-dense, appetising foods and (ii) fruits and vegetables. For brevity in subsequent
sections of this paper, the energy-dense food group is labelled “Junk food” and the
fruit and vegetable group as “Healthy food”. The selected images were informed by
the foods reported to be commonly consumed in the AES section of the cross-sectional
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survey presented in Chapter 4, and were recognisable and familiar in the Australian
context. The Junk food images were rated significantly higher in terms of appeal (p<.05)
by the pilot participants and were not significantly different from the fruit and
vegetables in terms of familiarity and recognisability (p>.05). Fruit and vegetables were
chosen as a low energy-density food group with minimal food processing, to compare
to the energy-dense food group. A similar number of fruit (n=38) and vegetables (n=37)
were used to reduce variability related to potential differences in valence between the
two food groups.

7.5.5.2 Nutrition composition of food images
The nutrient composition of the selected foods was cross-checked using an Australian
food database, FoodWorks (Xyris Software, Pty Ltd, Australia), to confirm a similar
nutrient composition to that reported by the Food-pics image database (346). The
composition per 100g of the final sample of Junk foods was: energy: 1440.6 ± 552.1 kJ /
344.3 ± 132.0 kcal, protein: 7.3 ± 3.7 g, total fat: 16.6 ± 9.9 g, total carbohydrate: 40.3 ±
20.0 g; and for the Healthy foods: energy: 156.1 ± 79.5 kJ / 37.3 ± 19.0 kcal, protein: 1.3 ±
.99 g, total fat: .19 ± .12 g, total carbohydrate: 6.2 ± 5.1 g. Using t-tests, no significant
differences were identified in the nutrient composition reported by the Food-pics and
FoodWorks databases, with the exception of protein and fat in the fruit and vegetable
group (p<.001). However, the absolute difference between the two databases was very
small for each of these nutrients (difference= .66 g / 11 kJ protein, .16g / 6 kJ total fat).
Energy, protein, fat and carbohydrate was significantly higher in the Junk food group
compared to that of the Healthy food group (p<.001). Further details regarding the food
images used and nutrient composition can be found in Supplementary Table 9.

7.5.6 Procedures
Participants were provided with a hard-copy pre-scan protocol from a member of the
research team. The protocol included the consumption of a standard 237mL can of a
formulated nutritional beverage, Ensure Plus (1485 kJ / 355 kcal, 13 g protein, 11.4 g fat,
50.1 g carbohydrate), four hours prior to the scan to standardise the pre-fast meal.
Participants then fasted for four hours prior to the scan, excluding water, to capture the
hunger-state that participants experience as they approach their next meal (181).
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Participants were also asked to avoid caffeinated and alcoholic beverages as well as
smoking for twelve hours prior to the scan. A reminder phone call to each participant
was given the day before the scanning session, and compliance with taking the whole
Ensure Plus drink and fasting requirements were checked verbally and via a written
survey when the participant arrived at the scanning facility.
Participants attended a single two hour session from September to October, 2015,
where they had their anthropometric measurements taken, followed by the completion
of the demographic and image ratings survey (see Figure 7-1). Participants then
underwent the first of two fMRI scans. Immediately following the first scan
participants drank a second 237mL Ensure Plus tetrapack with monitoring of
compliance by a member of the research team (K.M.P., T.L.B.). Twenty minutes after
the drink, participants completed the same image ratings survey before undertaking a
second fMRI scan identical to the first. Participants were scanned between 0900 hrs –
1600 hrs. Participants were debriefed prior to leaving the MRI facility and were
reimbursed for their time and travel expenses.
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237mL nutritional
meal replacement
beverage 4 hours
prior to scan

Anthropometric
measurements

Hunger and
image rating
questionnaires

Scan 1:
Structural scan (5 min)
Food image task (18 min)

4 hour fast

Second 237mL
nutritional meal
replacement
beverage

Hunger and
image rating
questionnaires

20 mins following meal replacement
before completing questionnaires

Figure 7-1: Flow diagram of the study procedure.
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Scan 2:
Structural scan (5 min)
Food image task (18 min)

Energydense

20 sec fixation
cross

20 sec energydense food
block

20 sec fruit and
vegetable
block

Fruit and
vegetables

Energydense

Fruit and
vegetables

4 sec interstimulus interval

Figure 7-2: Schematic of the block design paradigm.
Each run consisted of three epochs of (a) fruit and vegetables, (b) energy-dense foods, and (c) fixation cross. Each epoch was separated by a 4 second
blank screen.
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7.5.7 Imaging paradigm
For the task related component, visual stimuli were presented in a block design format
using Presentation software (Neurobehavioral Systems, Inc, Berkley, USA) and
NordicNeuroLab sync box (NordicNeuroLab AS, Bergen, Norway), and consisted of
two 18 min 20 s runs (Figure 7-2). Each run consisted of 15 epochs each of (i) Healthy
foods, (ii) Junk foods, and (iii) fixation cross. Within each 20 second epoch of food
images, five images were presented for four seconds each. A 20 second central fixation
cross was presented as a control and each epoch was separated by a four second blank
screen. Each run consisted of 440 volumes over the scanning period. Images were
presented onto a MRI compatible screen via a desktop computer and projector outside
the MRI room. An angled mirror was attached to the head coil so that the images could
be viewed while in the scanner. Standardised instructions were provided by the
radiographer during the scan.

7.5.8 fMRI data collection
The structural and functional data were acquired using a Siemens 3T Prisma MRI
scanner located at the Hunter Medical Research Institute, NSW, Australia. Foam
pillows were positioned around the participant’s head to minimise movement. Each
session consisted of the following scans, (i) structural image and (ii) task-related fMRI
scan while viewing food images. Structural images were acquired with a threedimension (3D) magnetisation-prepared rapid gradient-echo (MP-RAGE) sequence
with the following parameters: TE= 3.5 ms, TR=2 s, 7° excitation flip angle, 160 slices
with 1mm isotropic resolution.
Task-related functional MR images were acquired using a T2*-weighted gradient-echo
echo planar imaging (EPI) pulse sequence. The parameters were TE= 24 ms, TR= 2.5 s,
90° excitation flip angle, 47 axial slices 3 mm thick with a 0 mm interslice gap, in-plane
resolution of 3 x 3 mm, covering from vertex to cerebellum. Axial slices were angled to
the anterior cranial floor for to limit distortions that may impact on imaging of the
orbito-frontal region, and to better image the reward network.
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7.5.9 Pre-processing
Functional MRI pre-processing and analysis were conducted by P.W.S. at the Queens
University MRI Facility, Kingston, Canada, which specialises in fMRI analysis. Data
were pre-processed and 1st-level analyses were carried out using the Statistical
Parametric Mapping software package (SPM12, Wellcome Trust Center for
Neuroimaging) (480), and consisted of realignment to correct for bulk motion, slice
timing correction, spatial normalisation, and smoothing with an 8 mm Gaussian kernel.
Translational movement of 2 mm and rotational movement of 2° were set as exclusion
criteria. No participant data sets were excluded due to movement.

7.5.10

Data analysis

7.5.10.1

Demographics, anthropometrics and behavioural data

Demographic, anthropometric and behavioural measures were analysed using chisquared tests for categorical variables, t-tests for parametric continuous variables and
Wilcoxon rank sum for non-parametric continuous variables. Participants were
classified as either FA or non-FA according to YFAS scores for analysis. The groups of
food images were labelled as “Healthy” or “Junk” and the sessions were labelled as
“Fasted” for scan 1 and “Fed” for scan 2.

7.5.10.2

Functional MRI data

Blood-oxygen-level-dependent (BOLD) responses were analysed on a voxel-by-voxel
basis using SPM12. The 1st-level analysis of each run consisted of a general linear
model (GLM) analysis with basis functions modelling the timing of presentation of
“Junk” food, “Healthy” food, and fixation periods, convolved with the canonical
hemodynamic response function. The 2nd-level exploratory fMRI analyses were
conducted in two stages. The first stage of the 2nd-level analyses was undertaken using
an ANOVA across groups to investigate (i) group (FA or non-FA) and session (Fasted
or Fed) effects on the response to Junk Food, (ii) group (FA or not FA) and session
(Fasted or Fed) effects on the response to Healthy Food, (iii) group (FA or not FA) and
food type (Junk or Healthy) effects in the Fasted state (iv) group (FA or not FA) and
food type (Junk or Healthy) effects in the Fed state. Contiguous clusters of ≥30 voxels
that were significant at p < 0.01 were identified, and then these clusters overlaid with a
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map of brain regions from the Conn software package (conn15e, Neuroimaging
Informatics Tools and Resources Clearinghouse, Cambridge, USA) (481).
In the second stage of analysis, those clusters that were identified as significantly
different between the two groups (FA and non-FA) in stage 1 were entered into
correlational analyses according to group. Correlations between the YFAS symptom
score and the magnitudes of the BOLD responses to the Junk food and Healthy food
pictures were calculated for each of the groups. Contiguous clusters of significant
voxels (≥30 voxels), were identified and then overlaid with an anatomical region map.
The coordinates for each of the significant clusters are presented voxel index
coordinates. Scatterplots are presented to visually depict the data.

7.6 Results
7.6.1 Demographics, anthropometrics and self-reported data
Participant characteristics are summarised in Table 7-1. One participant was excluded
from analysis due to a condition (attention deficit hyperactivity disorder (ADHD)) that
may affect appetite and food cue responsivity, which was not originally disclosed
during the screening phone call. This resulted in a final sample of twelve participants,
six FA and six non-FA. The mean age of participants was 24.1 ± 2.7 years (range 21 - 29
years) and the mean BMI was within the overweight range (mean BMI = 26.4 ± 3.7
kg/m2, range 26.43 ± 3.69 kg/m2). No significant differences were identified between the
FA and non-FA group for any of the demographic or anthropometric variables (all p >
.05). The mean symptom score for the total sample was 4.3 ± 2.1 and a significantly
higher symptom score was reported by the FA group compared to the non-FA group
(FA= 5.8 ± 1.6, non-FA= 2.8 ± 1.3, p = .01). Half of the participants from each group selfreported currently dieting and all of the participants had dieted at some point in the
previous five years.
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Table 7-1: Participant characteristics for the total sample, and by YFAS food addiction status.
Characteristic
Age (years) [mean ± SD]
Indigenous
SEIFA
Height (cm) [mean ± SD]
Weight (kg) [mean ± SD]
BMI (kg/m2) [mean ± SD]
Fat mass (kg) [mean ± SD]
Body fat (%)[mean ± SD]
Symptom score mean ± SD]
BMI category
Healthy weight
Overweight
Obese
Current dieting
Previous dieting
Marital status
Married
Cohabitating
Never married
Qualifications
Higher school certificate
Diploma
University degree
YFAS symptoms
Large amount
Desire
Much time
Activities reduce
Knowledge
Tolerance
Withdrawal
Impairment

Total sample
24.08±2.71
0 (0%)
5.3 ± 2.6
167.58±5.38
74.35±12.07
26.43±3.69
20.49±7.33
31.16±8.89
4.33±2.10

Food addicted (n=6)
23.33±2.07
0 (0%)
3.8±2.7
168.17±2.99
77.75±14.60
27.43±4.76
20.73±8.94
33.77±9.96
5.83±1.60

Not food addicted (n=6)
24.83±3.25
0 (0%)
6.7±1.8
167.0±7.64
70.97±8.94
25.42±2.19
20.25±6.18
28.55±7.64
2.83±1.33

P
.47

5 (42%)
6 (50%)
1 (8%)
6 (50%)
12 (100%)

2 (33%)
3 (50%)
1 (17%)
3 (50%)
6 (100%)

3 (50%)
3 (50%)
0 (0%)
3 (50%)
6 (100%)

.55
1.0
1.0

2 (17%)
1 (8%)
9 (75%)

0 (0%)
0 (0%)
6 (100%)

2 (33%)
1 (17%)
3 (50%)

.14

2 (17%)
2 (17%)
8 (67%)

1 (17%)
1 (17%)
4 (67%)

1 (17%)
1 (17%)
4 (67%)

1.0

4 (33%)
12 (100%)
5 (42%)
5 (42%)
10 (83%)
10 (83%)
6 (50%)
6 (50%)

3 (50%)
6 (100%)
4 (67%)
5 (83%)
6 (100%)
6 (100%)
5 (83%)
6 (100%)

1 (17%)
6 (100%)
1 (17%)
0 (0%)
4 (67%)
4 (67%)
1 (17%)
0(0%)

.22
1.0
.08
.003 *
.12
.12
.02 *
.001 *

.05
.75
.42
.34
.87
.42
.01 *

*= significant at p<.05. BMI= body mass index. SEIFA= Socio-economic index for areas. Unless otherwise
specified, data is presented as count (%)
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All participants reported complying with the pre-scan protocol, except for one
participant in the non-FA group who drank half the volume of the Ensure Plus
beverage due to palatability of the drink, and replaced the remainder of the drink with
an apple. This participant’s data were retained as this was a feasibility pilot study and
their pre-scan hunger scores were not different to the other participants in the non-FA
group (p > .05). All participants were supervised drinking the whole beverage between
scans. Participant hunger and appetite ratings are presented in Table 7-2. Hunger
ratings were not significantly different between the scans, however fullness was
significantly increased (p = .008), and prospective amount of food consumption was
significantly decreased (p = .01). The FA group reported feeling fuller following the
mid-scan drink (p = .047). The groups did not differ on any of the other hunger or
appetite ratings. Image ratings are presented in Table 7-3. Self-reported ratings of the
images were significantly reduced for both groups after drinking the Ensure Plus drink
between scans when compared to the fasted survey, with the exception of the healthy
food images increasing appetite in the non-FA group (p= .33). After taking the mid-scan
Ensure Plus drink, the non-FA group reported higher ratings for each of the food
images shown in the scanner compared to the FA group (p <.05).
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Table 7-2: Hunger and appetite ratings for the total sample and according to YFAS food addiction status
Survey question
Hunger
Satiety
Fullness
Prospective food consumption
Desire to eat sweet food
Desire to at salty food
Desire to eat savoury food
Desire to eat fatty food

Total (n= 12)
Pre-scan
Post-scan
5.8 ± 1.9
4.2±3.0
3.1± 2.4
5.4±2.6
2.1±2.3
5.8±3.1
7.2±1.8
4.8±2.7
4.9±3.2
6.2±2.9
4.0±2.7
4.9±3.0
3.8±2.9
5.1±2.9
4.5±3.0
5.7±3.3

p
.18
.07
.008
.01
.08
.22
.07
.17

Food addicted (FA) (n=6)
Pre-scan Post-scan p
5.1±2.2
3.0±2.6
.27
3.2±2.7
6.3±1.8
.11
2.9±3.1
7.5±1.6
.03
6.8±1.8
3.5±2.3
.03
4.9±3.4
6.2±2.3
.30
3.9±2.1
4.3±2.6
.68
4.1±2.8
5.3±2.5
.28
4.2±3.1
5.7±2.8
.29
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Not food addicted (non-FA) (n= 6)
Pre-scan Post-scan p
6.4±1.5
5.5±3.2
.53
2.9±2.4
4.5±3.1
.42
1.4±.1.0
4.0±3.3
.18
7.6±1.7
6.1±2.6
.27
4.9±3.2
6.3±3.6
.19
4.1±3.4
5.5±3.5
.23
3.6±3.3
4.9±3.5
.18
4.8±3.2
5.7±4.0
.45

P (FA- non FA)
Pre-scan Post-scan
.28
.18
.86
.25
.28
.047
.47
.09
.99
.95
.90
.54
.79
.81
.73
.99

Table 7-3: Table: Image ratings according to YFAS food addiction status
Food type and question

Rating total sample (n= 12)

P

All food appeal
All food desire
All food appetite
All food amount
Junk food appeal
Junk food desire
Junk food appetite
Junk food amount
Healthy food appeal
Healthy food desire
Healthy food appetite
Healthy food amount

Pre-scan
6.0±1.6
5.2±1.7
4.5± 1.6
5.2±1.3
6.7 ± 1.1
5.8 ± 1.3
5.5 ± 1.0
5.7± 1.1
5.2±1.7
4.5±1.8
3.4±1.5
4.6±1.4

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
.01
<.001

Post-scan
4.5±1.3
3.8±1.2
3.1 ± 1.1
3.2 ± 1.0
5.3 ± .7
4.4 ± .7
3.9 ± .7
3.6 ± .8
3.7 ± 1.3
3.1 ± 1.2
2.3 ± .9
2.8± 1.0

Rating food addicted
(FA) (n= 6)
Pre-scan
5.4 ±1.8
4.7 ±1.9
4.7 ±1.8
4.8 ±1.7
6.4 ±1.1
5.8 ±1.5
6.0 ±1.1
5.9 ±1.1
4.3 ±1.7
3.5 ±1.5
3.4 ±1.4
3.7 ±1.5

Post-scan
3.4 ±1.4
2.9 ±1.2
2.5 ±1.2
2.2 ±1.0
4.5 ±.7
3.9 ±.7
3.4 ±.7
2.9 ±.7
2.4 ±1.0
2.0 ±.9
1.6 ±.8
1. ±.8

P

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

Rating non-addicted
(non-FA) (n= 6)
Pre-scan
6.5 ±1.7
5.6 ±1.7
4.2 ±1.6
5.5 ±1.3
6.7 ±1.5
5.7 ±1.2
4.9 ±1.0
5.5 ±1.3
6.1 ±1.9
5.5 ±2.2
3.5 ±1.8
5.6 ±1.4

Post-scan
5.6 ±1.6
4.6 ±1.4
3.7 ±1.2
4.2 ±1.2
6.2 ±1.3
5.1 ±1.2
4.4 ±.9
4.4 ±1.1
4.9 ±1.7
4.2 ±1.5
3.1 ±1.1
4.1 ±1.3

P

P between
groups pre
scan

P between
groups post
scan

<.001
<.001
.04
<.001
.01
.01
.04
<.001
<.001
<.001
.33
<.001

.048
.10
.37
.14
.37
.95
.04
.50
.046
.03
.92
.01

<.001
<.001
.003
<.001
.002
.02
.02
.002
<.001
.001
.003
<.001

Appeal= appeal of the food image, desire= desire to eat food presented in image, appetite= does this food increase appetite, amount= prospective consumption of the
food in the image. Junk food= energy-dense nutrient-poor foods (n=10), Healthy foods= fruit and vegetable images (n=10).
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7.6.2 Imaging data
7.6.2.1 Differences in activation of specific brain areas between groups
based on image type and session
The first stage of analysis identified several regions that displayed differences in BOLD
activation across groups and sessions, depending on the food type shown.
Junk foods
When Junk food images were displayed, there were specific brain regions with
statistically significant effects on BOLD responses depending on group (FA or non-FA),
and different specific regions depending on session (Fasted or Fed). These included the
primary, secondary and associative visual cortices, cingulate cortex, anterior prefrontal
cortex [PFC], dorsal ACC, DLPFC, premotor cortex, supramarginal gyrus and
somatosensory association cortex. These regions and their corresponding cluster coordinates are reported in Columns 3 and 4 of Table 7-4 and Table 7-5.
Healthy foods
When Healthy food images were displayed, there were specific brain regions with
statistically significant effects on BOLD responses depending on group (FA or non-FA)
and Session (Fasted or Fed), including the premotor cortex and supramarginal gyrus
(Table 7-4 and Table 7-5).
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Table 7-4: Clusters and Corresponding Brain Regions that Displayed Differences in BOLD Activation According to Session (Fasted vs Fed) and Group
(FA vs Non-FA), When Viewing Visual Food Cues (Healthy and Junk).
Correlation Coefficients and p values are Displayed as a Function of YFAS Symptom Scores.
Session

Food image

Coordinate

Brain regions

Fasted

Healthy

x19,y59, z54

Premotor cortex

-0.48

0.18

-0.29

0.3

x28, y25, z36

Primary, secondary and associative visual cortices, cingulate cortex

0.24

0.34

0.28

0.31

x24, y32, z58

Supramarginal gyrus, somatosensory association cortex

0.26

0.32

0.31

0.29

x28, y25, z36

Primary, secondary and associative visual cortices, cingulate cortex

0.6

0.12

0.83

0.02*

x19,y59, z54

Premotor cortex

-0.78

0.04*

-0.23

0.34

x24, y32, z58

Supramarginal gyrus, somatosensory association cortex

0.5

0.46

-0.0002

0.5

x19,y59, z54

Premotor cortex

-0.12

0.42

0.97

<.001*

x28, y25, z36

Primary, secondary and associative visual cortices, cingulate cortex

-0.6

0.12

0.6

0.12

x24, y32, z58

Supramarginal gyrus, somatosensory association cortex

-0.08

0.44

0.91

0.004*

x19,y59, z54

Premotor cortex

0.007

0.5

0.85

0.01*

x28, y25, z36

Primary, secondary and associative visual cortices, cingulate cortex

-0.37

0.25

0.78

0.03*

x24, y32, z58

Supramarginal gyrus, somatosensory association cortex

-0.25

0.33

0.89

0.006*

Fasted

Fed

Fed

Junk

Healthy

Junk

FA R

FA p

Non-FA R

Non-FA p

*= significant at p<.05. R= correlation coefficient, , FA= food addicted, non-FA= not food addicted, Healthy= fruit and vegetable images, Junk= energy-dense,
nutrient-poor food images, Fasted= fasted- session 1, Fed= fed- session 2.
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Table 7-5: Clusters and Corresponding Brain Regions that Displayed Differences in BOLD Activation According to Group (FA vs Non-FA) and Session
(Fasted vs Fed), When Viewing Visual Food Cues (Healthy and Junk).
Correlation Coefficients and p values are Displayed as a Function of YFAS Symptom Scores.
Group

Food image

Coordinate

Brain regions

Fasted R

Fasted p

Fed R

Fed p

FA

Healthy

x51, y87, z36

Anterior PFC

-0.46

0.19

-0.25

0.33

x23, y45, z50

Supramarginal gyrus, upper cortex

-0.89

0.007*

-0.43

0.21

x43, y30, z63

Somatosensory association cortex

0.37

0.25

-0.06

0.46

x51, y83, z35

Ant PFC, dorsal ant cingulate cortex, DLPFC

0.21

0.36

0.67

0.08

x38, y28, z51

Posterior cingulate cortex, somatosensory association

0.65

0.09

0.41

0.23

x37, y27, z59

Somatosensory association cortex, upper cortex

0.61

0.11

0.11

0.42

x51, y87, z36

Anterior PFC

0.34

0.27

0.54

0.15

x23, y45, z50

Supramarginal gyrus, upper cortex

0.17

0.38

0.81

0.03*

x43, y30, z63

Somatosensory association cortex

-0.21

0.36

0.6

0.11

x51, y83, z35

Ant PFC, dorsal ant cingulate cortex, DLPFC

0.74

0.05*

-0.2

0.36

x38, y28, z51

Posterior cingulate cortex, somatosensory association

0.05

0.46

0.68

0.07

x37, y27, z59

Somatosensory association cortex, upper cortex

0.19

0.37

0.82

0.02*

FA

Non-FA

Non-FA

Junk

Healthy

Junk

*= significant at p<.05. R= correlation coefficient, PFC= prefrontal cortex, DLPFC= dorsolateral prefrontal cortex. FA= food addicted, non-FA= not food addicted,
Healthy= fruit and vegetable images, Junk= energy-dense, nutrient-poor food images, Fasted= fasted- session 1, Fed= fed- session 2.
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7.6.2.2 Correlation analyses according to food addiction status
In the second stage of analyses, significant correlations were identified between the
magnitude of BOLD response in the specific regions identified in stage 1 and symptom
scores. These significant correlations were specific to group (i.e. FA vs non-FA).
Correlation coefficients (R) for BOLD responses are listed in Table 7-4and Table 7-5.
Not food addicted
In the fasted and fed states, there was a significant positive correlation between
symptom scores in the non-FA group and BOLD responses in the primary, secondary,
and associative visual cortex, and cingulate cortex in response to junk foods (R= .83, p=
.02, and R= .78, p= .03, respectively) (Figure 7-3 and Figure 7-4). When viewing junk
foods in the fasted state, the symptom scores in the non-FA group were also positively
correlated with BOLD response in the anterior PFC, dorsal ACC and DLPFC (R= .74, p=
.05) (Figure 7-5). Other significant correlations were identified in the premotor cortex,
somatosensory association cortex and supramarginal gyrus, depending on the food type
and session (Supplementary figures).
Food addicted
A significant negative correlation was identified between symptom scores in the FA
group and BOLD response in the premotor cortex in response to Junk food images when
participants were fasted (R= -.78, p= .04). In addition, there was a significant negative
correlation between symptom scores in the FA group and BOLD responses in the
supramarginal gyrus when viewing Healthy food images in the fasted state (R= -.89, p=
.007) (Supplementary figures).
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Figure 7-3 (a) Brain activation map in the axial plane corresponding to the cluster coordinates (x28,
y25, z36) consisting of the primary, secondary and associative visual cortices and cingulate cortex.
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(b). Relationship between BOLD response in the cluster (x28, y25, z36) and symptom scores in the
fasted session in response to healthy foods, according to food addiction status.
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(c) Relationship between BOLD response in the cluster (x28, y25, z36) and symptom scores in the
fed session in response to healthy foods, according to food addiction status.
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Figure 7-4 (a) Brain activation map in the axial plane corresponding to the cluster coordinates (x28,
y25, z36) consisting of the primary, secondary and associative visual cortices and cingulate cortex.
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(b) Relationship between BOLD response in the cluster (x28, y25, z36) and symptom scores in the
fasted session in response to junk foods, according to food addiction status.
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(c) Relationship between BOLD response in the cluster (x28, y25, z36) and symptom scores in the
fed session in response to junk foods, according to food addiction status.
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Figure 7-5 (a) Brain activation map in the axial plane corresponding to the cluster coordinates (x51,
y83, z35) consisting of the anterior prefrontal cortex, dorsal anterior cingulate cortex and the
dorsolateral prefrontal cortex.
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(b) Relationship between BOLD response in the cluster (x51, y83, z35) and symptom scores in the
food addicted group in response to junk foods, according to session.
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(c) Relationship between BOLD response in the cluster (x51, y83, z35) and symptom scores in the
not food addicted group in response to junk foods, according to session.
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7.7 Discussion
This pilot study aimed to investigate differences in neural activation patterns in
individuals classified as FA compared to non-FA, in response to visual food cues. This
study is the first of its kind to explore the neural responses to visual food cues and YFAS
food addiction diagnosis in young females. Specific brain areas were identified that
showed differences in responses across groups (i.e. FA vs non-FA) and sessions (i.e.
Fasted vs Fed) according to the type of food image presented (i.e. Healthy vs Junk
foods).
In line with the hypothesis, the first stage of analysis identified that there were
differences in brain activation in areas associated with the reward value of foods based
on the group, type of food and session. These areas included the DLPFC and dorsal
ACC, which have been implicated in other types of addiction such as cocaine and
methamphetamine (482). The DLPFC has been associated with motivation to procure
addictive substances (483) and dorsal ACC has been implicated in regulating cognitive,
and emotional processes, including the attribution of the emotional salience of stimuli
(484). These areas were also shown to be significantly associated with YFAS scores in the
previous study by Gearhardt and colleagues (181).
Differences between the two groups were identified in other brain areas which are
relevant in the context of addiction and food cue processing. These included regions
associated with emotion and memory related to previous experiences with the food
[cingulate cortex, anterior PFC, DLPFC (483, 484)], decision making and planning
[anterior PFC, DLPFC (483)], executive functioning [cingulate cortex, anterior PFC (483)],
and visual processing of the food images [primary, secondary and associative visual
cortices (271)]. Other brain areas where BOLD responses were different, that may be
relevant to food cue processing to a lesser degree, include the premotor cortex,
supramarginal gyrus and somatosensory association area. This may indicate differences
between the groups related to planning movements associated with eating such as
chewing, swallowing and reaching for food, as well as processing tactile information
with respect to the food (379).
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In the second stage of analysis, the correlation analyses identified a significant positive
association between BOLD response to junk foods and symptom scores in the non-FA
group in the DLPFC and anterior PFC. These areas are associated with decision making
and planning, inhibition and executive functioning (483, 484), and may indicate that the
non-FA group may implement self-control and decision making strategies in response to
junk foods when both fasted and satiated. A positive correlation between symptom
scores in the non-FA group and BOLD response in the dorsal ACC was also identified
when viewing junk foods, which is implicated in reward based learning (483). The
BOLD response in the primary, secondary and associative visual cortices was correlated
with symptom scores in the non-FA group, and may indicate that the non-FA group
have increased visual attention to visual junk food cues (485). However, this pattern of
activation was not identified in the FA group, with no significant correlations identified
between FA symptom scores and BOLD responses in these regions. This was in contrast
to the anticipated outcomes of the study, with areas relevant to food cue processing (i.e.
reward, visual processing) originally being expected to be correlated with activation in
the FA group. This is also divergent from those findings by Gearhardt and colleagues,
who found that BOLD activation in these areas was associated with higher food
addiction symptoms (181). It is possible that these findings may be related to an artefact
due to the small sample size. However, this warrants further investigation in a larger
sample size.
No other differences in BOLD responses were identified between the FA and non-FA
groups in other reward-related areas, such as the insula, amygdala or OFC, which was
in contrast to the hypothesis. This was different to the previous study by Gearhardt and
colleagues (181), who found that symptom scores were positively associated with BOLD
responses in the OFC and amygdala. This may be attributable to the differences in study
conditions between the two groups including the food cues and stimuli modalities used,
as well as the samples recruited. The study by Gearhardt and colleagues used a single
food (i.e. milkshake) via both visual and taste stimuli modalities, in a group with very
few participants classified as food addicted. In contrast, the current study used 150
images from whole food groups (i.e. energy-dense foods, and fruit and vegetables) via
visual stimuli only, in a group with equal numbers of FA and non-FA.
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The small sample size recruited to this pilot study limited the statistical power to detect
a difference between the FA and non-FA in other areas of the brain. However, the
feasibility of the study design and methodology were demonstrated. This pilot study did
demonstrate that fMRI is sensitive to detecting some differences in neural responsibility
based on YFAS diagnosis. The exploratory analyses also highlight that there are some
relationships that warrant further exploration, with larger sample sizes.
Ratings of the food images shown in the scanner were significantly different between the
two groups, with non-FA reporting higher ratings for all images in the post-drink
condition. This may provide a potential explanation was to why the relationships
between BOLD response and symptom scores were significant in the non-FA group
only. Hunger and image ratings, as well as BMI and dieting status were not included as
covariates in the analysis as this was a pilot study with a limited number of participants.
These variables have been previously shown to be associated with BOLD response (281,
285, 320, 486). Therefore future studies using the same methodology in larger sample
sizes may consider correlating these measures with the BOLD response. Future research
may also consider other statistical approaches including region of interest in the analysis
for those reward-related brain areas hypothesised to be associated with food addiction.
Importantly, this study provides an evidence-informed methodology, based on the
findings of the review presented in Chapter 2, and may be replicated in future studies.
The study design was informed by the systematic review presented in Chapter 2. The
strengths of the study included the recruitment of participants from an existing pool of
individuals who had previously completed an online food addiction questionnaire.
Previous research in this area has been limited, with very few participants meeting the
criteria for food addiction (181). Therefore, recruiting from a pool allowed for the
identification of FA and non-FA participants specifically. The food cues used in this
study were selected from a standardised database (346) and informed by pilot ratings as
well as the AES FFQ which identified foods commonly consumed by the survey sample
(251). Using a standardised database of images was highlighted as important in Chapter
2 to improve comparisons across studies and the replication of the study paradigm in
future research. This study reported detailed nutritional information regarding the foods
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used, which was found to be a limitation of previous studies, as per the review in
Chapter 2 (379). Replication of this in the future may allow for correlations between the
ingredients or nutrients in the food to see if there is a specific food component (e.g. fat,
sugar, salt) that makes them more likely to facilitate an addictive-like response.
One recruited participant was excluded from the final analysis due the presence of
ADHD, which could have potentially affected her responsivity to the visual food cues.
Presence of this condition was not specifically asked in the phone screening
questionnaire. Future studies should consider including screening questions regarding a
wider range of behavioural disorders to identify participants with these conditions at an
earlier stage in the recruitment process.
There were some issues with recruitment for the study, with eight potential participants
excluded due to mental health comorbidities such as depression and anxiety. Previous
research has indicated that YFAS food addiction is highly associated with mental health
comorbidities (193), therefore, while these participants were excluded from the study to
limit confounding factors, this may have also excluded a number of other individuals
displaying addictive-like eating behaviours. Future studies may consider recruiting
populations with mental health conditions and stratify according comorbidity to better
understand the relationships between food addiction and these conditions. Multicentre
recruitment methods would assist in recruiting a more population representative
sample.
Hunger ratings weren’t significantly different from the fasted scan to the second fed
scan after taking the meal replacement beverage, however, the time period between
taking the drink and completing the second set of ratings should have been sufficient to
induce satiety (487). Other ratings of appetite were significantly changed such as fullness
and prospective food consumption. This may have been due to an insufficient mid-scan
meal to induce satiety and short period of time between taking the beverage and
completing the rating scales. Therefore, while this study provides an evidence-informed
methodology, future studies may need to adapt the mid-scan meal to reduce hunger
ratings significantly. In addition, one participant did not drink the whole pre-fast meal
replacement beverage, but was not excluded due to the pilot nature of the study and
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non-significant differences in hunger ratings compared to the rest of the group. Future
studies should monitor compliance with consuming the pre-fast beverage.
This pilot study has some further limitations to acknowledge. Inclusion was restricted to
females to reduce variability in the study sample due to the small sample size, as well as
to reduce comparisons and maintain as much statistical power as possible. This pilot
study may inform future studies with larger, more representative sample sizes. Due to
scheduling restrictions at the imaging facility and the small sample, participants could
not be scanned at the same time of day. However, to reduce variability related to the
time of day, participants were given a standardised pre-scan meal and fasting time. In
addition, we were unable to standardise stage of menstrual cycle and use of the
contraceptive pill. This may have led to variation in responsivity related to circadian
rhythms and stage of menstrual cycle (488, 489). Future studies with larger sample sizes
should aim to scan participants at the same time of day and control for stage of
menstrual cycle. Although participants were asked about disordered eating behaviours
during the screening process, a clinical interview to identify eating disorder was not
completed. Future studies should use a clinical eating disorder assessment to better
control for underlying disordered eating. In addition, assessing dieting status using a
validated assessment tool, and including this as a covariate in future studies would be
important to better understand the possible relationships between dieting and YFAS
assessed food addiction. Finally, this paper sought to assess visual food cues, to better
understand the neural responses related to anticipation of food, as well as to limit
variability in brain activation related to recruitment of other anatomical areas (215, 345,
360, 362). Therefore it would be important to assess BOLD responses to different stimuli
modalities of food, for example taste, to determine if there are modality specific
differences in neural responsivity.

7.8 Conclusion
This was the first study to assess neural responsivity to visual food cues in adults based
on YFAS assessed presence of a food addiction diagnosis. The preliminary findings of
the study suggest that there were some differences in BOLD responses based on group
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(FA vs non-FA) and session (Fasted vs Fed) in reward-related areas, as well as areas
associated with other functions relevant in the context of food cue processing, such as
memory, decision making, executive functioning and visual processing. However, when
analysed by group, the correlations between the magnitude of BOLD response in these
areas and symptom scores were significant for the non-FA group only. This study
demonstrates the application of the fMRI technology to nutrition-based research and
shows that fMRI appears to be sensitive enough to detect some differences between FA
and non-FA groups based on the YFAS scores. However, the small sample size limited
statistical power to detect further differences between the two groups as statistically
significant. Further investigations as to the potential changes in neural activity
associated with YFAS assessed food addiction are warranted. This study provides an
evidence-informed methodology that may be applied to future studies with larger, more
diverse samples.
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Chapter 8

Thesis discussion

8.1 Overview
This thesis examined the construct of food addiction using a conveniently obtained
subset of the Australian population in a sequence of related studies. As addictive-like
eating behaviours have been hypothesised by some authors to contribute to overeating,
weight gain and obesity in vulnerable individuals (7, 121, 375), the primary aim of this
thesis was to explore the construct of food addiction in the young Australian adult
population in relation to dietary intake profiles, and the activation of brain reward
networks to visual food cues.
This thesis was presented in a series of publications and the key findings have been
discussed comprehensively in previous chapters. This chapter will provide a synthesis
of these findings and the strengths and limitations of each of the studies, as well as
provide recommendations for future research and clinical practice. This chapter is
discussed in two sections:
1.

Synthesis of the current evidence base regarding neural responses to visual
food cues and assessment of food addiction using the Yale Food Addiction
Scale YFAS);

2.

A novel investigation into food addiction in young Australian adults.
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8.2 Section 1: Synthesis of the current evidence base
regarding neural responses to visual food cues and
studies using the Yale Food Addiction Scale
8.2.1 Systematic review of neural responses to visual food cues
Chapter 2 presented a systematic review of studies that assessed neural responses to
visual food cues, as assessed by functional magnetic resonance imaging (fMRI). A
comprehensive search strategy of nine relevant databases was conducted and study
quality was assessed using a standardised tool (279). This review has extended
previous literature by comparing neural responses across all weight categories, as well
as changes in brain activation pre- and post-weight loss. A strength of the review was
the use of activation likelihood estimation (ALE) meta-analysis, which synthesises the
findings of smaller studies using standardised brain coordinates to increase statistical
power and identify congruent or divergent neural activation patterns across studies.
In line with the hypothesis, this review found that neural responses to visual food cues
differed based on weight status. More specifically, obese individuals displayed greater
neural activity in response to food compared to non-food in brain areas associated with
reward anticipation and processing, memory and emotional responses as well as visual
processing of the food cues, when compared to normal weight individuals. It is worth
noting that greater variation was observed in the neural responses of the overweight
and obese group compared to the healthy weight group. However, compared to the
healthy weight category (BMI 18.49-24.99kg/m2), the overweight and obese categories
encompass a much broader range of BMI’s (BMI ≥ 30kg/m2), and may include many
possible underlying mechanisms of for weight gain. This may provide some
explanation as to the greater variation in the neural responsivity to visual food cues in
this group compared to the healthy weight group. Participant sex, the energy content
of the presented foods and hunger state were demonstrated to influence neural
activation in the context of cue-related processing. These findings align with previous
literature (271, 274, 275). The differences in activation of specific brain regions indicates
that neurobiological factors may play a role in regulating an individual’s food reward
responsiveness, desire for food, as well as food choices and subsequent caloric intake.
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The review identified groups who were more susceptible to overeating as a result of
external food inputs, and those who may need tailored treatment approaches.
This Chapter provided a novel contribution in relation to changes in neural responses
pre- and post-weight loss. Meta-analysis revealed reductions in activation in areas
associated with memory, emotion, visual processing and learning, such as the
cingulate gyrus, lentiform nucleus and precuneus, before and after weight loss.
However, the areas congruence across meta-analysed studies were small, which was
likely due to the small number of studies (n=5) and the pooling of different weight loss
modalities (e.g. behavioural and surgical) into one meta-analysis. Therefore a greater
number of studies investigating neural activation changes before and after weight loss
are required to identify modality-specific changes in brain activity via ALE metaanalysis. Further research in this area would assist in better understanding the
underlying changes in brain activity associated with weight loss. This may have
important clinical implications, including the identification and development of more
successful weight loss approaches that induce positive changes in neural circuitry.
Across the reviewed studies, a great deal of heterogeneity was identified relating to the
study conditions used and standardised reporting of study outcomes, as depicted in
Figure 8-1. This included the types of participants recruited, fasting times, types of
food images presented and fMRI parameters, making direct comparisons across
studies difficult. Although some commonalities in activation were identified, the range
of conditions introduced variation and inconsistency in the brain regions activated
across studies. Of particular note, only 12% of the reviewed studies provided
nutritional information related to the image protocols, such as energy content of the
food images presented, and piloting of the food images was reported in only 32% of
studies. This is particularly relevant in the context of food addiction research, as
different foods and nutrients are likely to elicit different responses in the brain.
Therefore reporting nutritional methodology would assist in identifying what
properties of food are likely to elicit activation in the reward-related pathways, in a
similar way to other substances of addiction.
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Figure 8-1: Summary graphic depicting the variability in study conditions and outcome reporting
across studies including the samples recruited, hunger-state, nutrition composition of foods and
fMRI outcome reporting.

The review highlights that a standardised methodological approach to fMRI studies of
eating behaviour is imperative to reduce variability in neural activity and improve
comparability of fMRI outcomes across studies. The findings of the review provided an
evidence-based platform to inform the development of the fMRI paradigm in Chapter
7.

8.2.2 Systematic review of Yale Food Addiction Scale studies
The review presented in Chapter 3 was the first to systematically appraise studies that
have used the YFAS up to July 2014, and meta-analyse the diagnosis and symptom
scores using a random effects model. This addressed a key gap in the literature. Metaanalysis revealed the weighted mean prevalence of YFAS diagnosis across studies
internationally to be 19.9%, and the weighted mean symptom score was approximately
three out of seven. However, across reviewed study samples, overweight/obese
individuals who were recruited from clinical settings were overrepresented, which
may have inflated the overall prevalence of food addiction in the meta-analysis. As
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hypothesised, food addiction prevalence was approximately twice as high in
overweight/obese population samples compared to those of a normal weight BMI. The
weighted mean prevalence of food addiction was more than three times higher in
population samples with a clinically diagnosed eating disorder compared to nonclinical samples. Food addiction was also found to be higher in females compared to
males (12.2% and 6.4%, respectively) and in adults >35 years of age compared to those
aged 18-35 years (22.2% and 17%, respectively). The review therefore identified groups
who were potentially vulnerable to addictive-like eating behaviours, and who may
need new treatment approaches to address addictive-like eating. This would include
individuals with disordered eating and those with elevated BMI’s.
This review highlighted a number of gaps in the existing literature base. The first of
these was the lack of studies investigating food addiction in the Australian population.
Due to the increasing prevalence of obesity in parallel with dramatic changes in the
Australian food environment (12), as well as the limited success rate of existing weight
loss approaches (34, 35), the review emphasised that the food addiction construct
warranted investigation in the Australian context. This was addressed in Chapter 4.
A second gap that was identified was the need for the assessment of the relationships
between food addiction and specific whole foods and comprehensive dietary intake
patterns using a validated dietary assessment tool. Previous research suggests that it is
likely that foods have different abilities to trigger an addictive-like response based on
their composition (183, 241), yet only three of the 25 reviewed studies investigated a
dietary component in combination with YFAS scores. A further limitation of the
existing literature base is that only one study used a validated dietary assessment tool
(food frequency questionnaire [FFQ]) to assess food addiction and macronutrient
intakes only (398). Identifying potentially addictive foods or food components will
progress the food addiction field and may inform targets for dietary interventions for
addictive-like eating. This gap in the literature therefore provided a rationale for the
development of the cross-sectional survey in Chapter 4.
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A third significant gap identified by the review was the paucity of studies seeking to
characterise the neural responses to foods associated with addictive-like eating
behaviours. The single study that had previously investigated this was limited by the
small number of participants who met the YFAS diagnostic criteria for food addiction
(n=2); participants were instead classified as “high” or “low” symptom scores. Studies
of this nature would provide further insight into whether the YFAS diagnostic cut-offs
for food addiction indeed identifies an addictive-like process with respect to eating
behaviour, which is underpinned by neural adaptations. This has subsequently been
addressed in Chapter 7.
A fourth gap in the evidence base was the lack of longitudinal studies in non-clinical
samples using the YFAS. This is an important research area to determine the suitability
of the YFAS to track the stability of addictive eating behaviours over time. This finding
of the review informed the development of the study presented in Chapter 6.
A notable strength of the review was the use of a comprehensive search strategy used
to identify relevant articles. The review was undertaken in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(490), and study quality was assessed using the Joanna Briggs Institute critical
appraisal tool (381). This review demonstrated the growth in food addiction research
since the development of the YFAS in 2009 and provided insight into how the tool has
been used in research and practice. A further strength of the review was the
identification of gaps in the YFAS evidence base including the need for studies from a
diverse range of ethnic groups, who were underrepresented in the study samples. Few
reviewed studies were conducted in older adults or children (386, 396), limiting the
applicability of the review findings to these age groups. These were identified as
important areas of future research to compare food addiction across a broad spectrum
of ages and cultures.
This review also had some limitations that need to be acknowledged. The majority of
included studies were classified as of poor or neutral quality, with only one study
classified as of positive quality. The areas that were addressed poorly across studies
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are depicted in Figure 8-2. The quality of the studies should be reflected in the overall
interpretation of the findings, and highlights that high quality study designs are
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Figure 8-2: Proportion of reviewed YFAS studies reporting quality criteria in adequate detail.

8.2.3 Implications for research and clinical practice
Based on the findings from the meta-analytic systematic reviews presented in Chapters
2 and 3, a number of key recommendations were made for future research as well as
clinical applications. These recommendations informed the subsequent experimental
components of this thesis. The review of neural responses to visual food cues presented
in Chapter 2 has informed the fMRI paradigm in Chapter 7, while The YFAS review
presented in Chapter 3 identified a need for studies that investigate food addiction in
Australia,

characterise

potentially

addictive

foods,

evaluate

YFAS

scores

longitudinally, and assess the neural activation patterns associated with food
addiction.
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8.2.3.1 Implications for research
1. A standardised methodological approach is needed to inform future fMRI
studies of the neural correlates of eating behaviour. Future studies utilising
fMRI to assess neural responses to visual food cues should report detailed
information regarding study design and participant characteristics to allow for
comparisons across studies. This includes information regarding fasting times
and nutritional composition of the food cues presented while in the MRI
scanner, to assist in the identification of specific foods or components of food
that have the potential to activate specific areas of the brain (e.g. the reward
network in food addiction). Future studies should routinely report fMRI
outcomes including standardised brain coordinates, cluster size and threshold
to improve interpretation and facilitate meta-analysis across studies. The
review presented in Chapter 2 has the potential to inform an evidence based
methodology for future studies.
2. Future fMRI studies should use validated questionnaires to characterise the
eating behaviours of the sample. For example, the use of the YFAS to identify
individuals displaying addictive-like eating tendencies. This would help to
better understand the neural responses to food cues in a specific group by
controlling for variability associated with underlying abnormal eating
behaviours. The high costs of fMRI precludes the use of the technique on a
broad scale in research settings. If other measures of eating behaviour can be
correlated with neural activity, these tools may be used as a proxy to identify
certain activation patterns in large population-based studies. In addition,
understanding the prevalence and implications for neurocircuitry related to
specific eating behaviours within a group may assist in setting priorities for
treatment.
3. Future fMRI studies regarding neural responses pre- and post- weight loss are
warranted to facilitate meta-analysis according to weight loss method (i.e.
surgical or behavioural). This would help to understand modality-specific
changes in neurocircuitry, and has the potential to identify a neural mechanism
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as to why some weight loss approaches (e.g. bariatric surgery) are more
successful than others (e.g. behavioural interventions focusing on diet and
exercise). Further study may provide a rationale for which approach is more
appropriate for an individual with elevated BMI based on specific behavioural
traits and patterns of neural activity. Clinical studies of this nature would be
useful to characterise what neural activation patterns predict successful weight
loss as well as dietary failures.
4. The review in Chapter 3 highlighted that the evidence base regarding specific
foods associated with YFAS assessed food addiction is limited. The use of
validated dietary intake assessment tools would improve the credibility of
study findings regarding the relationships between addictive-like eating and
dietary data compared to approaches that rely on self-reported, non-validated
measures. Studies using validated dietary assessment tools are required to
progress this field and identify potentially addictive agents in food. This has
been addressed in Chapter 4.
5. Future studies should employ a longitudinal design using the YFAS to assess
food addiction in a non-clinical sample at more than one time point. This is a
crucial area of research to determine the appropriateness of the tool to track
change in behaviours associated with food addiction over time. This would also
provide insight as to whether the YFAS could be used to detect changes in
addictive-like eating behaviours following the implementation of a specifically
designed intervention.
6. Future studies should recruit more population representative samples in
studies using the YFAS to assess addictive eating. Future research should
explore YFAS outcomes across a broader spectrum of ages, particularly
children and adults aged >65 years. This would assist in identifying any agerelated trends in addictive-like eating. Future studies should also recruit a more
diverse range of ethnic groups to determine if there are any culturally related
patterns in addictive-like eating behaviours.
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8.2.3.2 Clinical implications
1. For health practitioners, the review presented in Chapter 2 may help to identify
certain population groups who may be more vulnerable to external food cues,
overeating and dietary failures. Understanding the underlying mechanisms
associated with weight loss may assist health professionals to identify the most
appropriate, individualised approach to weight loss (i.e. surgical or
behavioural), as well as inform the development and testing of weight loss
approaches that result in positive neural activity change.
2. The YFAS has the potential to be used in health care settings (e.g. medical
centres, dietetic consultations) as a screening tool to identify those who display
addictive-like eating behaviours. Health practitioners could subsequently
individualise treatment approaches for the patient based on the presence or
absence of addictive-like eating to optimise weight loss and treatment
outcomes.

203

8.3 Section 2: A novel investigation into food addiction
in young Australian adults
8.3.1 Foods associated with food addiction
Chapter 4 presented a novel, exploratory study into the prevalence of food addiction in
Australia. This was identified as a gap in the evidence base reviewed in Chapter 3.
Approximately fifteen percent of the young Australian adult sample met the YFAS
predefined criteria for a diagnosis of food addiction (i.e. ≥ 3 symptoms plus clinical
impairment or distress). This was in contrast to the original hypothesis, with a higher
prevalence than previous community-based studies (398). This may reflect the selfselected nature of recruitment for the study, with individuals interested in food
addiction more likely to participate in the survey. Alternatively, it is possible that the
wording and language used in the YFAS tool may not be as directly applicable to the
Australian population, compared to other countries. Therefore, future studies are
required to assess the validity of the tool in a sample representative of the Australian
population, to determine if it is appropriate in the Australian context. Despite this, the
prevalence of food addiction in this study highlighted that further investigation into
the food addiction construct in the Australian context is warranted.
This was the first published study to use a validated dietary intake assessment tool
(251, 254) to assess the relationship between food addiction and food and nutrient
intakes, including the percentage of total energy derived from specific food groups,
diet quality and total macronutrient and micronutrient intakes. This extends previous
research that has assessed nutrient intakes only (398, 421) or that has not use validated
dietary assessment tools (399). The current study used the Australian Eating Survey
(AES) FFQ, which has been demonstrated to be a reproducible and reliable estimate of
usual dietary intake over three to six months compared to weighed food records and
dietary biomarkers in the adult population (251, 254). In addition, the AES assessed a
comprehensive list of foods consumed in Australia (n= 120-items) including all major
food groups (i.e. breads and cereals, dairy, fruit and vegetables, meat and alternatives,
as well as energy-dense, nutrient-poor foods). Previous studies in this area have used
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only a limited number of specifically selected foods based on cravings (n=47) (394, 491)
and level of processing (n=35) (242), in combination with the YFAS. A more
comprehensive assessment of usual dietary intake was therefore required to provide
greater depth of understanding regarding the relationships between YFAS assessed
food addiction and specific foods and nutrient intakes.
In line with the hypothesis, higher YFAS symptom scores were found to be associated
with higher intakes of energy-dense, nutrient-poor foods, including confectionary (e.g.
chocolate, lollies, ice-cream), takeaway foods, and baked sweet products (e.g. cakes,
muffins, pastries). However, when analysed according to presence of food addiction
diagnosis, differences in dietary intakes of energy-dense, nutrient poor foods were not
statistically significant, which is in contrast to the hypothesis. There were no significant
differences between the food addicted and non-food addicted groups in terms of total
energy intake or sedentary behaviours, despite the food addicted group having a
significantly higher BMI. In addition, there were no between group differences in diet
quality or intake of palatable ingredients such as sugar and sodium. This may reflect
that this study was influenced by underreporting (440, 441), or that individual
differences in dietary intake were not detected at the group level. It may also have been
related to the differences in reporting periods between the YFAS (twelve months) and
AES (six months). Potentially this may also mean that there is not just one specific food
or nutrient associated with food addiction, but a combination of these.
The findings of this Chapter, in terms of the foods associated with addictive-like
eating, informed the selection of food images for the fMRI paradigm in Chapter 7. The
survey pool also allowed for the identification of participants as either food addicted or
not addicted, for recruitment to the fMRI study.

8.3.2 The stability of food addiction
Chapter 6 presented a novel exploratory study that assessed the stability of food
addiction in a non-clinical sample of young adults, addressing a key gap identified by
the review in Chapter 3. Participants were recruited from the original pool of
participants from the cross-sectional survey 18-months after the completion of the
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original survey. YFAS diagnosis was found to have moderate agreement (Kappa= .50)
between the two time points while symptom scores had good agreement (Kappa= .70).
Intraclass correlation coefficients (ICC) were interpreted as moderate over the 18month period for both the diagnosis and symptom scores (ICC =.71 and .72,
respectively). Therefore, the primary YFAS scoring outputs, diagnosis and symptom
scores, were interpreted as relatively stable and reliable over time in a non-clinical
population, which differed slightly from the original hypothesis. This study is the first
to show that the YFAS tool is a suitable tool to track food addiction over time by
demonstrating the temporal stability of the YFAS diagnosis and symptom scores in a
non-clinical sample of individuals who were not participating in a weight loss
program.
This study used a strong analytical plan including the inclusion of key variables in the
mixed models that have been previously shown to be associated with food addiction
(Chapter 3). These included BMI, participation in weight loss behaviours, sex and age.
The inclusion of BMI and participation in weight loss behaviours in the statistical
models did not explain the within-person variance in YFAS scoring outputs. This may
be due the recruitment of a non-clinical population. However, the recruitment of this
population was important to demonstrate that without any specific interventions the
YFAS diagnosis and symptom scores do not statistically change over time. While the
sample size was relatively small (n=69) and the response rate from the original study
was low (23%), the study methodology lends itself to replication in a larger, more
diverse sample in terms of sex, ethnicity and age groups.

8.3.3 Differences in neural responsivity to visual food cues
according to food addiction status
The final component of this thesis, Chapter 6, presented a pilot study that used fMRI to
explore potential differences in neural responsivity to visual food cues according to
YFAS food addiction status. This was the first study to investigate differential brain
activity between individuals classified as food addicted and not food addicted, as
assessed by the YFAS. This was an important area of research to determine whether the
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YFAS food addiction diagnosis identifies individuals with a neurobiological profile
similar to that seen in other forms of substance addiction.
An evidence-informed methodology was developed for the study, which was based on
the systematic review presented in Chapter 2. This was subsequently piloted using a
subset of participants who had previously completed an online cross-sectional food
addiction survey in 2015. The recruitment of participants from a pre-existing pool
allowed for the identification of individuals who were classified as food addicted or
non-addicted. This was important given that a previous study in this area was limited
by the small number of participants who met the YFAS diagnostic criteria (two out of
39 participants), preventing analysis according to food addiction diagnosis (181).
Detailed information regarding the selection of food images and their nutritional
composition was provided, which was identified in Chapter 2 as a limitation of
previous research. The reporting of nutritional information may provide a better
understanding of the food characteristics that are likely to elicit an addictive-like
neural response. In future research with larger sample sizes, nutrition composition
data has the potential to be correlated with the blood-oxygen-level-dependent (BOLD)
fMRI responses to evaluate whether any relationships exist between specific properties
or ingredients in the food and neural activity.
In line with the hypothesis, some differences in neural activation were identified
between the food addicted and not food addicted groups based on the type of food
image (i.e. healthy vs junk) and session (i.e. fasted or fed). This included areas
associated with reward, motivation and emotional salience [dorsolateral prefrontal
cortex (DLPFC) and dorsal anterior cingulate cortex (ACC)], emotion and memory
[cingulate cortex, anterior prefrontal cortex (PFC), DLPFC], decision making and
planning [anterior PFC, DLPFC], executive functioning [cingulate cortex, anterior
PFC], and visual processing [primary, secondary and associative visual cortices] (483,
484). However, when analysed according to food addiction status, correlations
between BOLD magnitude and symptom scores were only significant in these areas for
the not food addicted group. This was in contrast to the anticipated outcomes of the
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study, with BOLD response in areas relevant to reward and food cue processing
expected to be correlated with symptom scores in the FA group. This was also in
contrast to the previous study by Gearhardt and colleagues (181), and may be related
to the differences in conditions between the two studies (e.g. samples recruited, images
and stimuli modalities). Differences in activation patterns between the food addicted
and not addicted groups may be related to an artefact due to the small sample size.
Future studies should replicate this evidence-informed methodology in a larger sample
size to increase statistical power.
It should be noted that there were some difficulties with the recruitment of participants
to the pilot study. Many individuals who were interested in participating in the study
were excluded due to comorbidities such as depression. Previous research has shown
that YFAS assessed food addiction is often found in combination with other mental
health issues such as depression (193). Therefore, while exclusion of these participants
limited potential confounding factors in BOLD responses, in clinical settings these
conditions may be co-occurring. Future studies may therefore consider replicating this
methodology in a more diverse sample including those with mental health
comorbidities.

8.3.4 Validation of online self-reported anthropometrics
Chapter 5 presented a validation study evaluating the accuracy of online self-reported
height and weight in a young Australian adult population aged 18-35 years. This was
the first study to recruit young adults solely, which is important given that this
demographic has a steeper weight trajectory than any other age group (10), and are
frequent users of internet-based programs (492). This study demonstrated that there
was fairly good agreement and a strong positive correlation between self-reported and
the corresponding data objectively measured in the laboratory. Compared to data
measured in the laboratory, online self-reported height was significantly overestimated
(+1.36 cm) while weight was significantly underestimated (-.55 kg), which is similar to
paper-based surveys and aligns with the hypothesis. Subsequently, body mass index
calculated

from

online

self-reported

height
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and

weight

was

significantly

underestimated by participants (-.56 kg/m2), but these discrepancies were of a small
magnitude (<1%) and changed the classification of BMI category of only three out of
117 participants (2.6%). These discrepancies were of a slightly smaller magnitude than
previous paper-based surveys (451, 452) and may indicate that the study was subject to
volunteer bias, with more health conscious, female participants completing the
measurements. These populations are well documented to be more likely to participate
in health-based surveys (492, 493). Despite this limitation, it was concluded that online
self-reported height and weight can be accepted as a satisfactory method of data
collection to assess weight status in web-based reported surveys of young adults.
When grouped by weight status, sex and age, weight remained significantly
underreported by overweight/ obese individuals, females and those under 25 years of
age. Researchers using online self-reported data should therefore adjust for the
discrepancies between self-reported and measured weight in these groups. Sensitivity
analyses are required to assess the degree of misreporting across these population
groups, and identify appropriate adjustment factors for future studies.
The data from this validation study influenced the collection of anthropometric data in
other sections of this thesis. It was important to establish web-based approaches as a
suitable method of data collection in order to conduct the online food addiction
surveys. As this was found to be a valid method of data collection, online self-reported
height and weight were used to generate BMI in the cross sectional survey (Chapter 4)
and the longitudinal survey (Chapter 6) to evaluate the relationships between weight
status and food addiction.
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8.4 Overall Discussion: Food addiction in Australia
The food addiction construct generates a great deal of interest and debate in both the
scientific (1, 3) and media arenas (2, 342). One of the major contributors to the debate at
the commencement of this thesis was the paucity of studies investigating addictive-like
eating in human populations (9, 122). The sequence of experimental studies presented
in this thesis sought to address a number of key gaps in the evidence base. The
findings presented in this body of work have the potential to be extended in future
studies.
Following the release of the Diagnostic and Statistical Manual of Mental Disorders
version 5 (DSM-5) in 2013, there has been a great deal of discussion as to whether the
food addiction construct is better characterised as a substance-use disorder (i.e. “food
addiction”) or a non-substance behavioural disorder (i.e. “eating addiction), or a
combination of the two (52, 169). One of the major drawbacks in the substance
dependence model of food addiction, and something that would provide further
clarity in the substance-use versus behavioural disorder debate, is that no food or food
component has yet been identified as potentially addictive in humans (52, 124). As
noted in the Introduction, it is hypothesised that foods are likely to have differing
capacities to elicit an addictive phenomenon based on their components and degree of
processing (1, 183, 185, 241). However, the study of potentially addictive food agents is
difficult as humans typically consume a wide range of foods, rather than single foods,
nutrients or ingredients. This thesis was the first to investigate relationships between
food addiction, as operationalised by the YFAS, and dietary intakes of specific foods.
This was also the first to use an evidence-informed methodology, based on systematic
reviews, to investigate possible differences in neural activity to visual food cues
according to YFAS food addiction diagnosis.
This body of work provides a basis for future research into whether specific food
components may or may not be addictive. Broad food groups were identified in
Chapter 4 as being associated with YFAS assessed addictive-like eating. Future
research should build on these findings to investigate the specific ingredients (e.g. fat,
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total sugar) and concentrations that can potentially facilitate an addictive-like response.
The subtypes of these nutrients (e.g. fructose, glucose, sucrose; trans- fat, saturated fat
etc.) should also be investigated in relation to addictive-like eating to determine if there
are any relationships that may not be detected at the broader nutrient level (i.e. total
dietary fat or sugar).
This thesis was also important in providing insight into the suitability of the YFAS to
assess addictive-like eating. This thesis provided support for the construct validity of
the YFAS tool by demonstrating that YFAS diagnosis and symptom scores are a
relatively stable and reproducible measure in a non-clinical sample at two time points,
which are mutually exclusive in terms of the reporting period. However, the symptom
“Persistent desire or unsuccessful attempts to cut down” was found to have weak
agreement between the two time points. Therefore, while the YFAS may be a useful
tool to track addictive-like eating behaviours, this symptom may fluctuate over time.
Therefore the items relating to this symptom may need to be refined in future versions,
or researchers may need to account for the weak agreement of this symptom when
evaluating these behaviours over time. The YFAS would therefore be useful to track
changes in addictive like-eating related to a specific intervention. Future research
should explore the design and implementation of interventions targeting food
addiction, to determine whether these behaviours are amenable to change.
This body of work also demonstrated the application and sensitivity of novel
technologies such as fMRI to nutrition-related research. While the results of the fMRI
pilot study did not align with the hypothesis relating to the activation of rewardrelated networks in individuals identified as food addicted, it did establish that fMRI
was feasible method to detect some specific patterns of neural activity based on YFAS
food addiction status. The development and piloting of an evidence-based
methodology to explore the neurobiological correlates of food addiction was also
demonstrated. This methodology may therefore be employed in larger, more diverse
samples to increase the statistical power to detect a difference in neural responsivity
based on food addiction status.
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The findings of this thesis have the potential to inform future food-based treatments for
addictive-like eating. While long term substance-use induces neuroplastic changes in
the brain, studies investigating brain glucose metabolism, brain metabolites and
dopamine receptor density have shown partial recovery of the substance-related
dopaminergic alterations following abstinence from amphetamine use in addicted
individuals (494-497). This therefore provides a rationale for considering future
research investigating the effects of nutrition interventions or weight loss programs on
brain activation patterns. Possible dietary approaches may include minimising
exposure to those foods associated with addictive-like eating and dietary counselling
to manage addictive behaviours. The potential antecedents and cues associated with
addictive-like eating, such as exposure to food advertisements, should be identified
and strategies to deal with this addressed in treatment approaches. The differences in
dietary intake patterns within the food addicted group also highlight that nutrition
treatments for addictive-like eating should be individualised.
This thesis provides insight into the application of the DSM-IV criteria for substance
dependence to eating behaviour, in terms of dietary intakes and neural responsivity.
Leading up to the release of the DSM-5, there was much scientific debate as to whether
food addiction should have been included as a substance-use disorder (169, 419). Of
the four criteria added to the existing DSM-IV, it has been proposed that “craving”
translates well to food, while the remaining three criteria are more difficult to apply
due to the lack of an intoxication effect associated with food consumption and social
acceptability of eating food (169, 419). Future research is therefore needed to
investigate the application of the new symptoms added to the DSM-5 criteria for
substance-use disorder to food and eating behaviour.
The majority of food addiction research to date has focused on the substancedependence model of food addiction, as operationalised by the YFAS. Therefore, to
further clarify the substance versus behavioural debate, further investigation into the
“eating addiction” model is required. There is very little qualitative research in the
food addiction arena (422), and further research of this nature may provide insight into
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the behavioural characteristics and lived experiences associated with addictive-like
eating. Qualitative research may also help to understand possible stigmatisation or
negative perceptions associated with food addiction, as well as barriers to treatment
(376, 377, 498). Addressing these issues therefore has the potential to encourage
individuals to seek weight management advice.

8.4.1 Implications for research and clinical practice
8.4.1.1 Implications for research
1. This thesis provides evidence to inform a study using the YFAS in combination
with a validated dietary assessment tool in a larger, more representative
sample. Due to variation in dietary intakes, further research is required across a
wider range of ages including children, adolescents, and older adults. As the
dietary intake assessment tool (AES) was country-specific, the relationship
between food intake and addictive-like eating requires similar investigation in
other countries and food systems, using dietary tools specifically validated for
that country. This would assist in identifying any potential trends in addictivelike eating and usual dietary intake based on culture, food availability and
exposure to specific types of foods. As the reporting period of the AES is 6months and the YFAS 12- months, modifying the reporting period to assess the
same time period should be considered.
2. Future studies should develop and evaluate the efficacy of behavioural
treatments specifically designed to target addictive-like eating. The YFAS could
be used to detect whether addictive-like eating behaviours are amenable to
change via a specific intervention. Longer term studies are also required to
ascertain whether the stability of YFAS scores are maintained over a longer
period of time.
3. Future studies should evaluate the long-term health implications of dietary
intake profiles associated with addictive-like eating behaviours. This may
include the study of the interrelationships between addictive-like eating,
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chronic disease risk biomarkers, and comorbidities such as other addictions,
eating disorders and mental health conditions. Future studies should also
consider the use of validated tools to assess dieting status, to clarify the
relationship between YFAS assessed food addiction and dieting, if indeed a
relationship does exist. In addition, it would be important to study the
relationship between addictive-like eating and weight trajectory over time.
4. Online self-reported height and weight may be used in online surveys to assess
anthropometrics, weight status and health risk. However, sensitivity analyses
should be conducted to assess the degree of misreporting across different
demographics. Adjustment factors should be used by researchers to account for
these reporting discrepancies. As the overweight and obese categories were
combined, and the underweight category excluded due to low participant
numbers, future studies may consider investigating the degree of misreporting
in each of the BMI categories separately, as well as using a continuous BMI
variable to identify weight-related trends in level of reporting bias. Future
studies aiming to determine the accuracy of online self-reported height, weight
and calculated BMI should consider blinding the participants to the purpose of
the study. This may assist in recruitment of a more representative sample,
especially overweight/ obese individuals, potentially increasing the accuracy of
future studies to identify the degree to which study participants misreport
anthropometric data.
5. The fMRI study in Chapter 7 tested the feasibility of an evidence-informed
methodology, based on the findings of the systematic review in Chapter 2, and
has the potential to be applied in future studies. The recruitment of a larger
sample would increase statistical power to detect potential differences in neural
responsivity, and a multicentre design may assist in recruiting a more
population representative sample. This methodology has the potential to be
applied to more diverse population groups including males, other BMI
categories, ethnic backgrounds and those with mental health comorbidities.
Studies of this nature should stratify by groups during analysis to control for
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potential confounding factors and to assist in identifying trends in neural
responsivity across different population groups. In addition, correlating fMRI
findings with cognitive measures, such as appetite and image ratings, would be
important to understand the interrelationships between neurocircuitry
activation and these measures.
6. As the existing version of the YFAS is mapped to the DSM-IV diagnostic criteria
(2000) for substance dependence, future research should investigate the
application of other diagnostic frameworks for addiction. This may involve
modifying the tool to reflect the 2013 DSM-5 diagnostic criteria for substanceuse disorder.

8.4.1.2 Implications for clinical practice
1. In clinical settings, the YFAS may be used as a screening tool to identify
individuals who display addictive-like eating behaviours. This would inform
the health practitioner as to whether other treatment approaches and support
services, which are tailored to addictive-like eating, are needed to optimise
treatment outcomes.
2. For health practitioners, this body of work may inform new treatment
approaches for those individuals displaying addictive-like eating behaviours,
where other more traditional weight loss approaches have had limited success.
This may include the incorporation of treatments employed in addictive
therapy (e.g. cognitive behavioural therapy) into existing models of nutritional
counselling and weight loss advice. Future treatments for addictive-like eating
should be individualised based on weight status, nutritional intake and
addictive-like eating behaviours.
3. Given the multifaceted nature of the proposed food addiction construct, novel
treatment approaches may also warrant the involvement of a multidisciplinary
team including psychologists, imaging experts, dietitians and medical
management to optimise treatment outcomes. Screening for addictive-like
eating behaviours would inform the practitioner as to whether the
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incorporation of other health care providers would be beneficial in the patients
care plan.
4. The findings of this thesis have the potential to inform better public health
policy with respect to addictive-like eating in vulnerable individuals (499, 500).
This may include changes to food marketing laws to reduce exposure to food
cue-related triggers in populations susceptible in addictive-like eating. This
may be particularly relevant in children adolescents, who may be more
vulnerable to these cues and neural plasticity during their developmental years.
If future research identifies a particular ingredient as being potentially
addictive, this may also lead to change to food labelling laws to assist
individuals to make more informed food choices.
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8.5 Concluding remarks
The findings reported in this thesis provide an important and novel contribution to the
food addiction literature, and addressed a number of key gaps in the evidence base.
This body of work was the first to characterise foods and nutrient intake profiles
associated with food addiction, as operationalised by the YFAS. Approximately fifteen
percent of the young Australian adult sample met the predefined criteria for a food
addiction diagnosis. Further, higher intakes of energy-dense, nutrient-poor foods were
associated with higher addictive-like eating symptom scores. This was also the first
body of work to explore differences in neural activation to visual food cues, according
to YFAS food addiction diagnosis. An evidence-informed methodology was developed
to investigate the underlying neural mechanisms associated with food addiction, and
pilot testing showed that fMRI is sensitive to detecting some specific differences in
brain activation between individuals classified as food addicted and non-addicted.
This methodology has the potential to be applied to larger, more diverse samples. The
application of novel imaging techniques to the nutrition domain was demonstrated,
and these assessment methods have the potential to be adopted by other branches of
nutrition research. Finally, this thesis also provides support for the use of an existing
tool to assess food addiction, with the YFAS demonstrated to be suitable to track food
addiction over time.
This body of work provides insight into the behavioural indicators, associated foods
and neurobiological profiles associated with addictive-like eating. This may contribute
to a better understanding of additional underlying factors that may contribute to
overeating, weight gain and obesity. These findings have the potential to inform future
novel treatment approaches to target addictive-like eating, and public health policy
related to nutrition and obesity. The research presented in this thesis builds capacity
between different research domains, including dietetics, imaging and psychology. The
findings of this thesis provide a basis for future research to further investigate the
construct of food addiction.
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Supplementary table 1: Characteristics of included studies investigating neural responses to visual food cues by weight status
Author

Study
design

Sample size

Connolly
2013 (281)

Double
blind
crossover
design
Within
participants
crossover
design

n=22:
2 excluded i.e.
n=20, n= 10 HW
n= 10 OB
n=56
3 excluded i.e. n=53
Obese Resistant
(OR) n=25
Obese Prone (OP)
n=28
n=35OW/OB n=21
HW n=14

Cornier
2013 (282)

Ho 2012
(283)

Within
participants
crossover
design

Lee 2013
(284)

Within
participants
crossover
design

Martens
2013 (285)

Within
participants
crossover
design

Dimitropo
ulos 2012
(286)

Within
participants
crossover
design

N= 38
OB n=22
HW n=16

Holsen
2012(287)

Within
participants
crossover

n=43.
1 OB excluded
14 OB,

n=30
Low disinhibition
(LD) n=14
High disinhibition
(HD) n=16
n=40,
HW n=20
OW/OB n=20

Population characteristics

Study
Nutrition standardisation
Paradigm
Healthy weight vs overweight/obese
Female
Event6h fasting.
Age HW: 24.60±1.33yrs, OB 26.50±1.64rs
related
Scan 1: non-nutritive cranberry beverage
BMI: HW 22.40±0.50 kg/m2, OB 32.91±0.74 kg/m2
Scan 2: cranberry juice with 300kcal
Right handed, matched for menstrual cycle
OR: female n=11, male= 14, OP: female n=14, male
Block
Run in diet eucaloric for 4 days,
n=14.
design
compliance monitored
Age: OR: 31.4±3.4yrs, OP: 30.2±3.8yrs.
Scan 1 (Fasted): Overnight fast >10h
BMI: OR: 20.8±2.0 kg/m2, OP: 26.2±2.9 kg/m2
Scan 2 (Satiated): meal 25% energy
(P<0.001).
requirements
Right handed, matched for menstrual phase
OW/OB: female n=11, male n=10, HW: female n= 8,
Block
Scan 1 (Fasted): 4 h fast
male n=6
design
Scan 2 (satiated): 750kcal standardised
Age: OW/OB 24.4±6.4yrs, HW 24.5±4.5yrs.
meal 30mins prior to scan.
BMI: OW/OB: 30.64±4.1 kg/m2, HW 21.83±1.4 kg/m2.
Right handed, healthy.
Male
EventMeal providing 25% of daily energy
Age: LD: 28.2±6.24yrs, HD: 25.9±4.61yrs,
related
requirements.
BMI: LD: 21.9±2.13 kg/m2, HD: 26.8±4.78 kg/m2
Scan 1 (Fasted): 7h fast following meal
(P<0.002)
Scan 2 (satiated): second meal providing
Recruited from larger study, weight stable, right handed
20% requirements 45 min prior to scan
45 screened, healthy.
Block
Scan 1 (Fasted): overnight fast 10h
HW female n=10, male n=10, OW/OB: female n=10,
design
excluding water.
male n=10
Scan 2 (Satiated): meal providing 20%
Age: HW: 22.4±0.5yrs, OW: 23.7±1.0yrs
daily energy requirements 20mins prior to
BMI: HW: 22.7±0.3 kg/m2 (range 20-25 kg/m2), OW:
scan
28.1±0.5 kg/m2 (range 25-35 kg/m2) (P<0.0001)
HW female n=10, male n=6, OB female n=11, male n=11 Block
Scan 1 (fasted): light breakfast before
Age: HW=24.6±4.2yrs, OB=24.8±6.7yrs
design
8am; fasting following breakfast
BMI: HW: 22.7±1.4 kg/m2, OB: 31.6±4.5 kg/m2
Scan 2: meal prior to scan (750kcal)
(P<0.001)
% right handed: HW=94, OB=82
OB female n=9, male n=5, HW: female n=9, male n=6
Block
Fasting condition: fasting 4h
Age: OB 25.0±10.3, HW 23.1±9.7
design
Satiated condition: 500kcal meal 15 mins
HW significantly lower BMI (21.1±2.8 kg/m2) than OB
prior to scan
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Task

Visual cue details a
Control

Appetising food
images

Images of brick
walls

Foods of high hedonic
value
Foods of low hedonic
value

Non-food item

High cal foods
(200kcal/serve), Low
cal (50kcal/serve)

Furniture

Identifiable food
images

Food

Non-food

High calorie foods
Low calorie foods

Non-food images

Food images

Blurred baseline
images. Animal
images.

design
Case
control

15 HW controls.b
n=37
OB n=18
HW n=19

Jastreboff
2013 (289)

Case
control

Kullmann
2013 (290)

Case
control

N=50
OB n=25
HW n=25
n=24,
HW n=12
OW n=3
OB n=9

Frankort
2012 (291)

Case
control

Grosshan
s 2012
(292)

Case
control

Nummen
maa 2012
(278)

Case
control

n=35.
OB n=19
HW n=15.
One HW excluded

Scharmull
er 2012
(277)

Case
control

N= 26
OB n=12
HW n=14

Ng 2011
(204)

Case
control

n=34. Data from 4
I.e. final sample

Garcia
Garcia
2013 (288)

n=28. 1 OW
excluded
Overweight n=13 (3
OB)
HW n=15.
N= 44
OB n=21
HW n=23

(32.4±3.5 kg/m2, p<0.01).
OB: female n=13, male n=5, HW: female n=11, male
n=8.
Age: OB 34.78±4.45yrs (range 22-39yrs), HW
32.00±5.87yrs (range 21-40yrs).
BMI: OB 34.89±4.78 kg/m2 (range 30.1-48.58 kg/m2),
HW 22.44±1.93 kg/m2 (range 19.53-24.97 kg/m2).
Menstrual phase controlled
Female n=19, male n=31
Mean age 26yrs.
BMI OB 32.6±2.2 kg/m2, HW 22.9±1.5 kg/m2.
HW: female n=6, male n=6, OW/OB: 6 female, 6 male.
Age: HW: 22.91±2.10yrs (range 22-29yrs), OW/OB:
24.66±2.42yrs (range 21-28yrs)
BMI: HW: 21.16±1.13 (kg/m2 range 19.4-22.5 kg/m2),
OW/OB: 30.46± 1.77kg/m2 (range 28.4-34.4 kg/m2)
Female
Age: HW=23.1±5.4 yrs, O/W=23.9±7.6.
BMI: O/W=29.8±3.3 kg/m2 (range >27-<38),
HW=21.1±1.1 kg/m2 (range >19-<23)
Matched for phase of menstrual cycle
OB: Female n=15, male n=6. HW: Female n=15, male n=
8
Age: OB=44.0±12.7yrs, HW=37.7±11.4yrs
BMI: OB=36.9 kg/m2 (range 30.0-47.5 kg/m2), HW=22.1
kg/m2 (range 18.5-24.0kg/m2) (P<0.001)
Right handed
No indication of gender
Age: OB=45.74±9.6 yrs, HW=45.75±10.44 yrs
BMI: OB=43.87±6.60 kg/m2, HW= 24.10±2.07 kg/m2
(P<0.001)
% body fat: OB=48.27±6.6%, HW= 29.37±6.37%
(P<0.001)
Right handed, female
Age: HW=25.6±6.7yrs, OB=26.6± 4.5yrs
BMI: HW=20.6±1.3kg/m2, OB=31.5±5.2 kg/m2 (p<0.05)
3 of the OB group BMI in overweight category
Female
Age: 20.1±1.4yrs (range 18-23yrs)
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Block
design

Fasting 3-5h

High calorie food
(salty and sweet)
Low calorie food

Neutral and
Rewarding nonfood stimuli

Block
design

Fasting 2h

Favourite food

Block
design

Overnight fast >10h

High calorie foods
Low calorie foods

Stress cues,
neutral relaxing
cues
Non-foods

Eventrelated

Regular lunch 1-1.5h prior to scan.

Food images: high
and low calorie
‘palatable’ and
‘distasteful’ foods

Block
design

Standardised breakfast of 500kcal 6h
prior

Salty and sweet high
calorie foods
Salty and sweet low
calorie foods

Block
design

Fasting 3h

‘Appetising’ foods
‘Bland’ foods

Non-food control
images

Eventrelated

Overnight fast

High calorie foods

30 non-food
images

Eventrelated

Fasting 4-6h (except water)

Coloured picture of
chocolate milkshake

Glass of water or
empty glass

OB n= 17,
HW n=17
n=24.
OB n=12
HW n=12

Stoeckel
2008, 2009
(217, 293)

Case
control

Rothemun
d
2007(216)

Case
control

N= 26
OB n=13
NW n=13

Frank
2014 (294)

Case
control with
pre- posttest
outcomes

n=31
OB n=11
RYGB n=9
HW n=11

Goldman
2013 (295)

Case
control

n=31
More successful
weight loss (MS)
n=24
Less successful
weight loss (LS) n=7

McCaffery
2009 (296)

Case
control

N=51
HW n=18
OB n=16
SWL n=17
1 HW and 1 OB
excluded

Tregellas
2011 (30)

Case
control

N= 32
HW n= 24
SWL n=18
1 HW and 1 SWL

BMI: OB= 36.3±3.39 kg/m2, HW=22.1±1.04 kg/m2
Female
Block
Age: OB=27.8±6.2 yrs, HW=28±4.4 yrs
design
BMI: OB=30.8-41.2 kg/m2, HW=19.7-24.5 kg/m2
Groups matched on phase of menstrual cycle
Female
Block
Age: HW=29±5.6yrs, OB=31±9.4yrs
design
BMI: HW=20.9±1.7 kg/m2, OB=36.3±4.8 kg/m2 (p<0.001)
Right handed.
Weight loss interventions
Female
Block
Age: HW 36.6±3.8yrs, RYGB 42.0±2.8yrs, OB
design
42.6±4.0yrs (P=0.412).
BMI: HW 21.4±0.5 kg/m2, RYGB 27.1±0.9 kg/m2, OB
49.2±0.8 kg/m2 (P<0.001).
Average time after RYGB 3.4±0.8yrs.
MS: female n=19, male n=12, LS: female n=7.
Block
Age: MS: 46.58±11.36yrs, LS: 43.43±10.47yrs
design
Pre-surgery BMI: MS: 51.59±11.22 kg/m2, LS:
50.21±5.36 kg/m2.
Current BMI: MS 30.41±7.16 kg/m2, LS 38.16±3.69
kg/m2 (P<0.05). % weight loss: MS: 40.81±8.21%, LS
23.60±6.46% (P<0.05). >1 year post- surgery RYGB
mean time since surgery 3.07yrs.
More successful= > 50% weight loss.
Matched for menstrual phase
HW female n=16, male n=2, OB female n=14, male n=2,
Block
SWL female n=15, male n=2
design
Age: HW=43.72±8.38yrs, OB=49.12±6.99yrs,
SWL=48.47±11.37yrs
BMI: HW=21.70±1.98 kg/m2, OB=34.52±3.72 kg/m2,
SWL=23.71±1.55 kg/m2 (P<0.001)
Groups defined by lifetime weight history. SWL loss
group ≥13.6kg of weight loss and maintenance 3yrs.
Participants in weight loss program with counselling from Block
dietitians. Goal to maintain 8-10% weight loss.
design
HW female n=12, male n=12. SWL female n=10, male
n=8

251

images
Fasting 8h.
Abstain from alcohol for 24h prior; abstain
from caffeine 3h prior.

High calorie foods,
sweet and savoury
Low calorie foods

84 non-food
images

Fasting 1.5h

High calorie foods
(≥4kcal/g)
Low calorie foods
(1.5kcal/g)

10 Food utensils.
10 non-food
images

Standardised liquid meal (246kcal) 30min
prior to scan

High calorie food
Low calorie foods

Non-food pictures

Fasting 4h

High calorie foods

Neutral non-food
images

Fasting 4h (except water)
Limited alcoholic and caffeinated
beverages previous 24h

High calorie foods
Low calorie foods

Non-food images

9 day diet phase: 6 day 'controlled'
eucaloric diet phase and 3 day ad libitum
diet phase (overfed by 30%)
Overnight fast on scan days

‘Highly hedonic’ foods
‘Neutral hedonic’
foods

Non-food images.

excluded

Bruce
2011 (297)

Case
series with
pre-test
post-test
outcomes

n=12
2 loss to follow up
i.e. n=10

Bruce
2014 (298)

Case
series with
pre-test
post-test
outcomes

n=31
Behavioural weight
loss n=16
Bariatric weight loss
n=15

Weygant
2013 (299)

Case
series with
pre-test
post-test
outcomes

n=16

Murdaugh
2012 (300)

Case
series with
pre-test
post-test
outcomes

N=38
OB n=21
Overweight n=4
HW n=13

Nock 2012
(301)

Case
series with
pre-test
post-test
outcomes

n=11.
Intervention n=8
Control n=3

Ochner

Case

n=5

Age: HW=34.7±5.4yrs, SWL =35.2±5.7yrs
BMI: HW=21.6±1.7 kg/m2, SWL =27.5±2.6 kg/m2
(P<0.05)
Body fat %: HW=19.8±6.8, SWL =31.9±7.0 (P<0.05)
Weight loss 8.0±0.9%
Right handed, scanned in same phase of menstrual cycle
Female n=9, male n=3
Age: 40.10±10.27yrs
Pre-surgery BMI 40.61±1.96 kg/m2, post-surgery
36.14±2.32 kg/m2 (P<0.001). Weight loss after surgery
25.21±8.41%.
Gastric banging surgery candidates, right handed.
Behavioural: female n=11, male n=5, Bariatric: female
n=12, male n=3.
Age: Behavioural 40.6±7.1yrs (range 23-52yrs), Bariatric
41.1±9.8yrs (range 21-56yrs)
BMI range 30-45 kg/m2
Weight loss % behavioural 10.8%, Bariatric 9.3%
(p=0.32)
Female n=13, male n=3
Age: 43.0±12.2yrs (range 23.5-66.5yrs)
Pre-diet BMI: 34.5±3.2 kg/m2 (range 29.8-41.5 kg/m2).
BMI reduction following intervention 4.3±1.8 kg/m2
% weight loss 12.6% (range 2-23%)
Recruited from larger dietary study.
Participants in EatRight weight loss intervention
OB: female=19, male=6. HW: female=8, male=5
Age: OB=48.0±10.91yrs. HW=45.2±10yrs
Initial BMI: OB=32.86±3.82 kg/m2 (range 28.4-44.6
kg/m2), HW=22.64±1.58 kg/m2
Sig. decrease in weight in OB group following EatRight (3.46% P<0.0001) and lost sig more weight than controls
(0.80% P<0.004)
Females in endometrial cancer treatment group
SUCCEED
Age: 54.4±7.4 yrs
BMI: 35.8±8.1kg/m2
Average weight loss after lifestyle intervention: 3.4%±2.7%
Female
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Block
design

Scan 1 (fasted): Fasting >4h
Scan 2 (satiated): following 500kcal meal.

Appetising food
images

Animals, low level
baseline blurred
images

Block
design

Scan 1 (Fasted): 4h fast.
Scan 2 (satiated): standardised 500ckal
meal.

Appetising foods

Animals, low level
baseline blurred
images

Eventrelated

Nutritionist involved. Overnight fast >12h

High calorie foods
Low calorie foods

Eating related
utensils
Non-food

Block
design

Fasting 8h
Abstain from alcohol for 24h prior; abstain
from caffeine 3h prior

High calorie foods,
sweet and savoury
Low calorie foods

84 non-food
images

Block
design

Scan 1 (fasted): overnight fast
Scan 2 (satiated) 750kcal standardised
meal prior

High calorie foods
Low calorie foods

Non-food images

Event-

Overnight 12 h fast.

High calorie foods

N/A

2012 (302)

Ochner,
2012 (303)

series with
pre-test
post-test
outcomes
Case
series with
pre-test
post-test
outcomes

n=14.
N=2 excluded

Ochner,
2011 (304)

Case
series with
pre-test
post-test
outcomes

n=10
n=3 excluded

Benedict
2012 (305)

Randomise
d crossover
design
Counterbal
anced
crossover

n=12

Double
blind
randomised
crossover
design
Within
subjects
crossover
design

n=30, 4 excluded
i.e. n=26

Within
participants
crossover
design

n=15

Karra
2014 (306)
Kroemer
2012 2013
(307, 308)
Evero,
2012 (309)

Born,
2011(310)

N=24
TT genotype n=12
AA genotype n=12

n=30

Age: 36±13yrs (range 21-54yrs)
Pre-operative BMI: 44.0±3.8 kg/m2 (range 39.1-48.1
kg/m2)
RYGB candidates, weight stable, right handed
Female gastric bypass candidates
Age: 36±10 yrs (range 20-54 yrs)
BMI: Pre-operative=45.4±4.4kg/m2 (range 40-54kg/m2).
Post-operative= 39.8±3.7kg/m2 (P<0.0005) Surgical
weight loss =11.8% original weight.
Scanned in same phase of menstrual cycle
Female gastric bypass candidates
Age: 20-47 yrs (mean 35±9 yrs)
BMI: 40-54kg/m2 (mean 45±5kg/m2)
Right handed

related

Scan 1: 250kcal nutritionally complete
beverage 45 mins prior to scan
Scan 2: 250mL water

>3.5kcal/g,
Low calorie foods
<1kcal/g

Eventrelated

Fasting 12h; 250kcal liquid meal 60 mins
prior to scan

High calorie foods
(>3.5kcal/g)
Low calorie foods
(<1kcal/g)

Non-food images

Eventrelated

Fasting 12h; 250kcal liquid meal 60 mins
prior to scan

High calorie foods
(>3.5kcal/g)
Low calorie foods
(<1kcal/g)

Non-food images

Standardised dinner (700kcal). 350ml
standardised breakfast (125kcal curdled
milk)
Scan 1 (fasted): overnight fast
Scan 2 (satiated): Standard meal
1840kcal

High calorie food
Low calorie food

N/A

High calorie food
Low calorie food

Non-food

Scan 1: Overnight fast
Scan 2: 300ml drink containing 75g
glucose

Highly palatable foods

Scrambled
images

Block
design

Fasting 8-12h
Refrain from alcohol and caffeine for 24h
prior

Low energy foods
High energy foods

Non-food images

Eventrelated

Scan 1 (fasted): Overnight fast (>10h);
Restrain from alcohol and caffeine
Scan 2 (satiated): breakfast provided prior
to scan; Second meal given after second
scan

High and low calorie
foods

Healthy weight
Healthy males
Block
Age 23.3±0.6yrs
design
BMI: 22.5±0.5 kg/m2
Males
Block
Age: TT genotype 22.1±1.0, AA genotype 23.0±0.8
design
BMI: TT genotype 21.6±0.3, AA genotype 22.3±0.15
Right handed
Female n=13, male n=13.
Block
Mean age 24.4±3.4yrs.
design
BMI 21.1±2.0 kg/m2
Menstrual cycle controlled
Male n=17, female n=13.
Age: 22.2±0.7 yrs
BMI: 23.6±0.4 kg/m2
Body fat % 16.7±1.3%
Right handed, scanned in same phase of menstrual
cycle.
Right handed healthy females
Age: 21.5±0.4 yrs
BMI: 22.2±0.2 kg/m2 (range 19.5-25.5kg/m2)

253

Born 2010
(311)

Within
participants
crossover
design
Randomise
d crossover
design

n=10.
1 participant data
excluded

Right handed females
Age: 24.1±1.1 yrs
BMI: 21.5±0.7kg/m2

Eventrelated

Scan 1: Fasted state
Scan 2 (satiated): breakfast provided
before second scan

High and low calorie
foods

n=43

Block
design

9 day diet phase: 6 day 'controlled'
eucaloric diet phase and 3 day ad libitum
diet phase (overfed by 15%)
Overnight fast on scan days No alcohol or
calorie containing beverages.

‘Highly hedonic’ foods
‘Neutral hedonic’
foods

Neutral non-food
images

Within
subjects
crossover
design
Randomise
d crossover
design

n=12

Block
design

Scan 1 (fasted): >3h fast
Scan 2 (satiated): lunch prior to scan

36 high calorie foods
36 low calorie foods

72 non-food
related images

Block
design

Non-food images
Blurred images.

Within
participants
crossover
design

n=19
Restrained eaters
n=9
Unrestrained n=10

Scan 1 (fasted): overnight fast (except
water)
Scan 2 (satiated): consumption of
breakfast prior to scan
Avoid alcohol previous day.
Scan 1 (fasted): fasting 8h
Scan 2 (satiated): 2 cans of vanilla
Ensure (500kcal total) prior to scan

High calorie foods
Low calorie foods

Coletta
2009 (315)

‘Highly palatable’
foods
‘Moderate palatable’
foods

78 non-food
images

Siep 2009
(316)

Within
subjects
crossover
design
Within
participants
crossover
design
Randomise
d crossover
design

n=12

Females n=22, males n=21.
Age 25-45 yrs
Age: Female 35.8±5.4yrs, males: 34.2±5.7yrs
BMI: female 24.3±4.1 kg/m2, male 24.2±3.0 kg/m2
Body fat%: female 33.8±4.6%, male 18.5±5.0%
Healthy, right handed
Male n=6, female n=6
Age: 27.42y±4.14yrs
BMI: 22.4±2.55 kg/m2
Healthy, right handed
Male n=10, female n=10
Age: 26±1 (range 19-35)
BMI: 22.1±0.5 kg/m2 (range 18.2±27.1 kg/m2). One
subject with BMI>24.9
Right handed, healthy, stable body weight
Females
Age: Restrained=19.7±1.09yrs,
Unrestrained=20.6±2.71yrs
BMI: Restrained=22.1±0.59 kg/m2,
Unrestrained=21.5±1.86kg/m2
Healthy, right handed, predominantly Caucasian.
Healthy, right handed females
Age: 19.3±0.9 yrs.
BMI: 21.5±1.9kg/m2(range 18.5-25kg/m2)
Not currently dieting or restrained eaters
Healthy males
Age: 26.42 yrs (range 21-29 yrs)
BMI: 18.4-24.7kg/m2

Fasting condition: fasting (except water)
18h
Satiated condition: 500kcal standardised
30min prior to scan
Scan 1 (fasted): fasting 14h (non-caloric
beverages only)
Scan 2 (satiated): meal1h prior to scan

High calorie foods
Low calorie foods

15 Non-food
images

Food images (no
indication on calorific
content)

50 non-food
images.

Block
design

Neutral non-food
images

n=18

9 day diet phase: 6 day 'controlled'
eucaloric diet phase and 3 day ad libitum
diet phase (overfed)
Overnight fast on scan days No alcohol or
calorie containing beverages.
Scan 1 (Fasted): Fasting 24h (excluding

‘Highly hedonic’ foods
‘Neutral hedonic’
foods

Within

Female n=13, male n=12.
Age: Female 35.6±6.2 yrs, male 33.8±4.7yrs
BMI: female 21.0±1.3 kg/m2, male 22.0±1.9 kg/m2
Body fat %: female 28.8±3.4%, male 16.4±4.0%
Right handed, healthy
Female n=10, male n=8

Food images (sweet

20 non-edible

Cornier
2010 (312)

Frank
2010 (313)
Goldstone
2009 (314)

Fuhrer
2008 (317)
Cornier
2007 (318)

Uher 2006

n=20

n=12

n=25
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Eventrelated

Block
design
Block
design

Event-

(319)

participants
crossover
design

Demos
2011(320)

Case
control

n=100
Dieters n=50
Non dieters n=50
9 participants data
excluded

Rolls 2007
(321)

Case
control

Grabenho
rst 2013
(322)

Cross
sectional

n=16
Cravers n=8
Non cravers n=8
n=13

Hollman
2012(323)

Cross
sectional
study

n=20. 3 excluded
I.e. n=17

Lawrence
2012 (324)

Cross
sectional
study

n=25

Siep 2012
(325)

Cross
sectional
study

n=14

Gearhardt
2011(181)

Cross
sectional
study

n=48

Schur
2009 (326)

Cross
sectional
study

n=10

Age: females 28.4±8.4 yrs (range 20-44), males
29.4±7.8 (range 23-42)
BMI: females 22.5±2.8 kg/m2(range 19.9-27.4), males
22.4±2.5 kg/m2(range 17.0-24.7)
Female.
Age: 19.50 yrs (range 18-35 yrs)
BMI: Dieters=23.5±2.7kg/m2, Nondieters=22.6±2.4kg/m2
Mean restraint dieters=19.6±2.8, non-dieters=8.7±2.8
(P<0.0001)
Healthy females.
Age: range 20-30 yrs.
BMI: Cravers=22.1 kg/m2, Non-cravers=23.0 kg/m2 (ns)
Female n=7, males n=6.
Age 24.2yrs (range 22-27yrs)
BMI range 22-25 kg/m2
Right handed
Healthy, right handed females
HW n=17, overweight n=3
Age: 25.3±3.2yrs (range 20-30 yrs)
BMI: 25.1±3.5 kg/m2(range 20.2±31.2 kg/m2)
Scanned in same menstrual phase
Healthy, right handed females.
Age: 21.4±3.2 yrs (range 18-29yrs)
BMI: 21.7±0.6 kg/m2 (range 17.1± 30.1 kg/m2) (2
underweight and 3 overweight).
Healthy, right handed females
Age: 21.5±1.5 yrs
BMI: 21.5±1.9 kg/m2(range 18.5-25 kg/m2)
Not currently dieting or restrained eaters
Female
Age: 20.8±1.31yrs
BMI: 28.0±3.0 kg/m2 (range 23.8±39.2 kg/m2)
High food addiction ≥3 YFAS symptoms, ≤1 symptom
low FA
Female
Age: 29.4±12.1yrs (range 20.4-49.5yrs )
BMI: 23.2±2.0 kg/m2 (range 20.4-26.8 kg/m2)
No history of weight loss surgery or current dieting.
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related

and savoury); no
indication of calorific
content

objects images

Eventrelated

water)
Scan 2 (satiated): meal 3h prior to scan
Abstain from alcohol for 24h and
caffeinated beverages on scanning day
Fasting 2h; no alcohol, caffeine or
smoking for 2h prior

Appetising food

300 non-food
images

Eventrelated

No choc for 2 days prior to scan; small
lunch prior to scan

Dark chocolate image

Eventrelated

Fasting 3h

Common food stimuli
labelled as ‘tasty’ or
‘healthy’

Eventrelated

Fasting ≥6h

Eventrelated

Fasting 6h

Eventrelated

Fasting 4h (except water)

High calorie ‘tasty’
foods
High calorie ‘non
tasty’ foods. All
>190kcal/100g.
Food images: high
and low calorie, salty
and sweet, bland and
highly appetising.
High calorie foods,
sweet and savoury

Eventrelated

Fasting 4-6h prior

Milkshake

Glass of water
images

Block
design

Instructed to eat normal meal 2-4h prior to
scan

‘Fattening’ foods
‘Non-fattening’ foods

Non-food images

45 non-food
images

Passamon
ti
2009(327)

Cross
sectional
study

n=21

Killgore
2006 (328330)
Porubska
2006(331)

Cross
sectional
study
Cross
sectional
study
Cross
sectional
study

n=13

n=31,

Van Vugt
2012 (336)

Within
participants
crossover
design
Within
participants
crossover
design
Within
participants
crossover
design
Case
control

Luo 2012
(337)

Cross
sectional

Simmons
2005 (332)

Geliebter
2013 (333)
Lundgren
2013 (334)
Tryon
2013 (335)

a

n=12
n=12

n=14
Evening
hyperphagia (EH)
n=7, Controls n=7
n=30

n=17, 1 excluded
i.e. n=16
Insulin sensitive (IS)
n=9
Insulin resistant (IR)
n=7.
n=13

Female n=10, males n=11
Age: 25.3yrs (range 19-39)
BMI: 24±4.6 kg/m2
Healthy, right handed
Right handed, female
Age 21-28 yrs (range 23.5±2.1yrs)
BMI: 22.1±2.4m2
Male n=7, female n=5.
BMI: 21.8±1.96 kg/m2
Age: 27.17±5.36yrs
Male n=6, female n=6.
Age: 29.8±1.8yrs
BMI: 21.8±0.8kg/m2
Healthy, right handed.

Block
design

Fasting ≥2h

Highly appetising
foods
Bland foods.

Block
design

Fasting 90min

Low calorie foods
High calorie foods

Food utensils
Non-food images

Eventrelated

Fasting ≥5h

High and low calorie
food stimuli

64 food neutral
images

Block
design

Fasting 12h
1 subject non-compliant but included in
analyses

High calorie foods
Low calorie foods

Non-food images

High energy dense
food >3.5kcal/g
Low energy density
foods <1kcal/g
Food

Non-food

Overweight/obese
Female n=14, male n=17.
Block
Age: male 35±0.9yrs, female 35±6.9yrs
design
BMI: male 36.2±5.5 kg/m2, female 36.9±5.6 kg/m2.
EH: female n=6, BMI 37.9 kg/m2, age 33.6yrs
Controls matched to EH
EH definition: consume >25% energy after dinner

Block
design

Meal prior to fast (1000kcal). 12h
overnight fast.
Scan 1 (Fasted): 750mL water
Scan 2 (satiated): 750mL shake
Scan 1 (fasting): 4 h fast
Scan 2 (satiated): following 500cal meal

Female
Age: 39.7±2.3yrs.
BMI: 25.6±0.9 kg/m2 (range 18-39 kg/m2).
Right handed, menstrual phase controlled
Right handed females with polycystic ovarian syndrome
Age: total: 27.8±5.72yrs (18-39yrs), IS: 26.4±5.27yrs
(20-36yrs), IR: 29.6±6.19yrs (18-39yrs).
BMI: total: 36.6±9.61 kg/m2 (23.5-55.5 kg/m2), IS:
32.4±7.94 kg/m2 (23.5-47.6 kg/m2), IR: 42.1±9.23 kg/m2
(26.7-55.5 kg/m2) (P=0.02)
Female, BMI: 34±4 kg/m2 (range 28-40 kg/m2)
Age 23±2yrs. Right handed, menstrual phase controlled.

Eventrelated

Standardised lunch, fasting 2.5h.
Buffet following scan, dietitian involved

High calorie foods
Low calorie foods

Non-food items

Block
design

Fasting >5h

High calorie sweet
and savoury foods
Low calorie water and
fibre based foods

Non-food items

Block
design

10-12h fast overnight

High calorie food
Low calorie food

Non-foods

b

Animals, blurred
baseline images

Visual cue classification has used the authors description where possible, only HW and OB results reported. OB= Obese, OW=overweight HW= healthy weight, SWL=
OB participants who had successfully lost weight, BMI= body mass index, RYGB= Roux-en-Y gastric bypass
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Supplementary table 2: Study quality of included studies investigating neural responses to visual food cues
Reference

Was the
research
question
clearly
stated?

Frank 2014 (294)
Bruce 2014 (298)
Connolly 2013 (281)
Cornier 2013 (282)
Garcia-Garcia 2013 (288)
Geliebter 2013 (333)
Goldman 2013 (295)
Grabenhorst 2013 (322)
Jastreboff 2013 (289)
Karra 2013 (306)
Kroemer 2013 (308)
Kullmann 2013 (290)
Lee 2013 (284)
Lundgren 2013 (334)
Luo 2013 (337)
Martens 2013 (285)
Tryon 2013 (335)
Van Vugt 2013 (336)
Weygandt 2013 (299)
Benedict 2012 (305)
Dimitropoulos 2012 (286)
Evero, 2012 (309)
Frankort 2012 (291)
Grosshans 2012 (292)
Ho 2012 (283)
Hollman 2012 (323)
Holsen 2012 (287)
Kroemer 2012 (308)
Lawrence 2012(324)
Murdaugh 2012 (300)

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Was the
selection
of study
subjects
free from
bias?*
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
UC
Y
Y
UC
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Were
study
groups
compar
able?*

Were
withdrawals
described?

Y
Y
Y
UC
Y
UC
Y
Y
Y
Y
NA
Y
Y
Y
NA
Y
Y
Y
NA
Y
Y
NA
Y
Y
Y
NA
Y
NA
Y
Y

UC
UC
Y
UC
Y
UC
UC
UC
UC
Y
Y
Y
Y
UC
UC
Y
UC
Y
UC
UC
UC
UC
Y
Y
Y
UC
Y
UC
UC
UC

Was
blindin
g used
to
prevent
bias?
UC
UC
Y
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC

Were
interventions
described?*

Were
outcomes
clearly
defined?*

Was the
statistical
analysis
appropriate?

Were
conclusions
supported by
results?

Is bias due to
study’s
funding/
sponsorship?

Overall
Quality

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
UC
Y
UC
Y
Y
Y
UC
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
UC
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
UC
Y
UC
Y
Y
Y
Y
Y
Y

P
P
P
0
P
0
P
P
P
P
P
0
P
P
0
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
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Nock 2012 (301)
Nummenmaa 2012 (278)
Ochner 2012 (302)
Ochner, 2012 (303)
Scharmuller 2012 (277)
Siep 2012 (325)
Born, 2011 (310)
Bruce 2011 (297)
Demos 2011(320)
Gearhardt 2011(181)
Ochner, 2011 (304)
Ng 2011(204)
Tregellas 2011(30)
Born 2010 (311)
Cornier 2010 (312)
Frank 2010 (313)
Coletta 2009(315)
Goldstone 2009(314)
Schur 2009 (326)
Siep 2009 (316)
McCaffery 2009(296)
Passamonti 2009 (327)
Stoeckel 2009(293)
Fuhrer 2008 (317)
Stoeckel 2008 (217)
Cornier 2007(318)
Rolls 2007(321)
Rothemund 2007(216)
Killgore 2006(330)
Porubska 2006 (331)
Uher 2006 (319)
Killgore 2005(329)
Simmons 2005 (332)
Killgore 2003 (328)

Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

UC
Y
NA
NA
Y
NA
NA
NA
Y
Y
NA
Y
NA
NA
NA
NA
NA
NA
NA
NA
Y
NA
Y
NA
Y
NA
N
Y
NA
NA
NA
NA
NA
NA

N
Y
UC
Y
UC
UC
UC
UC
Y
Y
Y
Y
Y
Y
Y
UC
UC
Y
Y
UC
Y
Y
Y
UC
Y
Y
UC
UC
UC
UC
Y
UC
UC
Y

UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC
UC

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

*= Important criteria, N= No, N/A= Non applicable, 0=Neutral, quality P=Positive quality, UC= Unclear, Y=Yes
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Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
UC
Y
Y
Y
Y
Y
UC
UC
Y
Y
Y
Y
Y
UC
Y
Y
Y
Y
Y
Y
UC
Y
Y
UC
Y
UC
Y
Y

Y
Y
Y
Y
UC
UC
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
UC
Y
Y
UC
Y
Y
Y
Y
Y
Y
UC
Y
UC
Y
Y
Y
Y
UC

0
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Supplementary table 3:Outcome measures and results of included studies investigating neural responses to visual food cues by weight status
Author

Outcome measures

fMRI acquisition

Connolly 2013
(281)

Anxiety and
Depression scale;
Speilberger State And
Trait Anxiety
Inventory; Appetite
and image ratings
Anthropometrics;
Hunger ratings

1.5T

3.0T, parallel to
planum
sphenoidale

SPM8, , whole brain
voxel wise threshold
<0.01 cluster level
FDR q<0.05

Ho 2012 (283)

Food-related problem
questionnaire;
Anthropometrics,
Food preference;
Hunger ratings

4.0T, transverse
plane parallel to
AC-PC line

Lee 2013 (284)

Anthropometrics;
TFEQ; 24 h recall;
Appetite and mood
ratings; Image ratings

3.0T, oblique
transverse plane
parallel to AC-PC
line

Martens 2013
(285)

Appetite and image
ratings

3.0T

BrainVoyagerQX, ROI
P<0.005 min cluster
>5 contiguous voxels.
Whole brain P<0.001
cluster threshold >5
FDR P<0.05.
BrainVoyagerQX,
whole brain voxel
threshold P<0.001.
Cluster size threshold
FWE P<0.05
BrainVoyagerQX 2.3.,
Whole brain voxel
threshold p=0.01.
Cluster level false
positive rate of 5%.

Dimitropoulos
2012 (286)

Caloric intake;
Hunger ratings;
Food preferences

4.0T; transverse
plane, parallel to
AC-PC line.

Cornier 2013
(282)

fMRI Preprocessing fMRI outcomesa
and analysis
Healthy weight and overweight/obese
SPM5, ROI P<0.05
Food>control images all subjects ↑ activity in amygdala, hippocampus, thalamus
FWE corrected
and and insula. OB>HW high cal>non-nutritive beverage ↑ in activity ant insula,
ACC, amygdala, hippocampus, visual cortex. Greater hunger score correlated
with ↑activity in left post insula. OB>lean ↑ activation of right ant insula correlated
with hunger.

BrainVoyagerQX
P<0.01 uncorrected
FWE p<0.05

Obese resistant (OR) fasted high hedonic food> non-food ↑ activation in insula,
inf PFC, somatosensory cortex, visual cortex. OR satiated vs fasted ↓ activation
to food cues in the insula, inf PFC, somatosensory cortex, visual cortex,
putamen, post cingulate cortex. Obese prone (OP) fasted high hedonic>non-food
↑ activation of insula OFC, somatosensory cortex, post cingulate cortex, parietal
cortex, visual cortex. OP satiated> fed ↑ activation to food in the middle PFC, ant
PFC, let PFC, insula/inf PFC. OR>OP fed state ↑ activation in insula, inf PFC,
medial PFC
Pre-meal HW high cal vs non-food activation of the amygdala positively
correlated with satiety (r=0.70, p=0.005). Pre-meal OW/OB low cal vs non-food
activation of the dlPFC negatively correlated with satiety (r=-0.56, p=0.007).
Post- meal, OW/OB low cal vs non-food activation of the putamen and amygdala
positively correlated with satiety (r=0.64 p=0.002 and r=0.49 p=0.02).
Low disinhibition (LD) satiated vs fasted ↓activation in the post vmPFC. High
disinhibition (HD) satiated>fasted ↑ activation in the post vmPFC. LD Satiated vs
fasted ↓activation in ant vmPFC. HD satiated> fasted ↑activation in ant vmPFC.
Fasted food>non-food ↑ activation sup/middle/medial frontal gyrus (PFC), insula,
cingulate gyrus, thalamus. Fasted food>non-food positively associated with BMI
in the ACC (P<0.004, r=0.47). Satiated food>non-food ↑ activation insula.
Satiated food>non-food negatively correlated with BMI in the sup frontal gyrus
(PFC) (r=-0.45 P<0.005)
Pre-meal OB > HW ↑ activation foods>control images in ant PFC, sup frontal
gyrus and cerebellum. Pre-meal HW >OB ↑ activity high > low-cal foods in L
postcentral gyrus, insula, parahippocampal gyrus and cerebellum. Post- meal
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Conclusions

Limitations

Greater responses in
affective and memory
related brain regions
in OB when viewing
food images after
drinking sucrose drink
Neuronal response to
food cues in the
fasted state is
attenuated in OR but
not OP

Female only,
small sample
size, meals not
tailored to
requirements

Neural activation to
food cues correlated
with satiety depending
on weight status,
foods shown, and
satiety status.
LD have devaluation
of food when satiated
leading to overeating.

Small sample

OW had more
pronounced food
reward anticipation
related brain signalling
in the fasted state
than HW
High-cal foods
continue to activate
reward regions in OB

Small sample,
female only,

Self-described
as OP or OR,
differences in
baseline BMI

Male only

States not
counterbalance
d, handedness

Minimum cluster
correction 7-12 voxels

OB>HW ↑ activation food>control images in frontal areas and corticolimbic
reward systems including OFC, caudate, ant cingulate.

following meal.

Holsen
2012(287)

TFEQ

3.0T; coronal
plane

SPM8 ROI
Uncorrected p<0.05,
FWE P<0.02, 2-4
contiguous voxels

OB> control participants exhibited ↑ activations to food vs non-food stimuli in the
hypothalamus, amygdala, PFC, and OFC when fasted and the hypothalamus
and dlPFC in the satiated state. HW> OB ↑ activation in the OFC to high cal
foods in satiated state b

BMI affects brain
responsivity to food
cues.

Garcia Garcia
2013 (288)

Hunger ratings

3.0T, transverse
plane, whole brain

FSL software,
corrected cluster
threshold P<0.05

OB showed lower
connectivity in areas
involved in the
integration of reward.

Jastreboff
2013 (289)

Fasting plasma insulin
and glucose; Hunger
ratings; Anxiety
ratings

3.0T, transverse
plane parallel to
AC-PC line

SPM5 Cluster
threshold P<0.01
k=54 voxels. Whole
brain FWE

Both obese & normal weight displayed activation of visual and frontal areas and
deactivation of default mode network (DMN) in response to rewarding stimuli
(both food and non-food).The strength of connectivity within these networks was
weaker in obese individuals. Both obese and normal weight displayed activation
of the DMN & deactivation of occipital and frontal areas to neutral stimuli. The
strength of connectivity was reduced in obese individuals.
OB food>neutral ↑ activation putamen, insula, thalamus, hypothalamus,
parahippocampus, inf frontal gyrus, middle temporal gyrus. OB stress>relaxing ↑
activation insula, putamen, inf frontal gyrus, and middle temporal gyrus. Insulin
resistance positively correlated with corticolimbic-striatal activation.

Kullmann 2013
(290)

Hunger ratings; BGL;
Plasma insulin; Profile
of Mood States;
Patient health
questionnaire; TFEQ
Hunger;
Restraint scale;
PANAS;
Palatability ranking

3.0T

SPM5, ROI P<0.05
FWE corrected

Inf occipital gyrus had ↓ functional connectivity in OW/OB>HW. ACC sup medial
frontal gyrus increased functional connectivity in OW/OB > HW. Precuneus ↑
connectivity in OW/OB >HW. Connectivity between temporal visual association
and salience networks ↑ in OW/OB >HW.

Changes in brain
connectivity for
OW/OB may lead to
overconsumption

3.0T; oblique
transverse plane
(negative 300 tilt)

BrainVoyager QX
Whole brain and ROI
P<0.01 uncorrected,
64mm3 minimum
cluster size threshold

Reward related regions activated to high cal foods including the amygdala, post
fusiform gyrus, dlPFC, ant insula, OFC, VTA, substantia nigra,
parahippoocampal gyrus, medial PFC, ant midcingulate gyrus, paracingulate
gyrus. Imagining taste of food OB > HW ↑ reward related activation. Unbiased
viewing HW>OB had ↑ activation to high-cal foods in reward regions.

Reward related
activation dependent
on food stimuli,
cognitive strategies
and BMI.

Frankort 2012
(291)
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Insulin resistance in
OB may contribute to
dysregulated eating
and predispose
individuals to overeat

not controlled,
stage of
menstrual cycle
not controlled,
small sample.
Meal size not
tailored to
individual’s
needs; hunger
not measured,
small sample
size, no gender
analysis
Cannot
elucidate the
contributions of
individual parts
of networks
studied
Blood tests
taken at
different time to
scans,
imprecise
measure of
insulin
resistance
Small sample
size, menstrual
cycle not
controlled
Conditions not
counterbalance
d, compliance
not assessed ,
OB
underrepresent
ed, females
only

Grosshans
2012 (292)

Leptin plasma
concentration;
TFEQ;
Craving ratings

3.0T; oblique
transverse plane
(300 clockwise tilt
from AC-PC line)

SPM5 Whole brain
FWE P<0.05
Min cluster size= 10
contiguous voxels

↑ activation to food cues > neutral cues in the occipital lobe, inf frontal gyrus, sup
parietal lobule, cingulate gyrus in OB vs HW. Positive correlation between
activation in the VS and BMI (r=0.47, p=0.001) and leptin concentration (r=0.27,
P=0.04).

Nummenmaa
2012 (278)

Hunger ratings;
Valence of stimuli;
Positron emission
tomography (PET);
PPI brain connectivity

1.5T

Scharmuller
2012 (277)

Hunger ratings;
Appetite ratings

3.0T; oblique
transverse plane
(negative 100 tilt
from AC-PC line)

SPM 5 Whole brain,
ROI for PET and PPI
FDR p<0.05, P<0.005
uncorrected, min
cluster 20 contiguous
voxels
SPM8 ROI
P<0.005 uncorrected,
min 5 contiguous
voxels. P<0.05 FWE.
Specific hypotheses
P<0.001 uncorrected

OB > HW ↑ responses to all foods in the amygdala, hippocampus, PCC,
supramarginal gyrus, and fusiform gyrus. OB> HW↑ response to appetising>
bland foods in the caudate. HW > OB ↑ response to appetising vs bland foods in
the insula, OFC, lateral frontal cortex, sup parietal lobule, lateral frontal cortex
and sup temporal gyrus. Sig. stronger connectivity OB>HW between the caudate
nucleus and the basolateral amygdala and the post insula.
OB passive viewing of food > control images↑ activation in insula and medial and
lateral OFC. OB downregulation of appetite > passive viewing of food images ↑
activation in dlPFC. HW upregulate appetite > passive viewing of food images
↑activation in insula and dorsal striatum. HW downregulating appetite >
upregulating appetite viewing food images ↑ dlPFC, dmPFC, OFC, insula, dorsal
striatum.

Ng 2011 (204)

Fullness ratings;
Ratings of food
desire;
Liking ratings

3.0T; transverse
plane, parallel to
AC-PC line

SPM5 Whole brain
and ROI
P<0.005 corrected
Threshold >3
contiguous voxels.
FDR P<0.05.

OB> HW ↑ activation in post cingulate gyrus and caudate to high fat milkshake
image vs tasteless solution. OB >HW ↑activation in Rolandic operculum,
hippocampus and parahippocampal gyrus to low fat milkshake image vs
tasteless solution. OB >HW ↑ activation in Rolandic operculum, inf frontal gyrus
and frontal operculum to high vs low fat milkshake image.

OB may overeat low
fat foods to
compensate for
abnormal reward
responses.

Stoeckel 2008,
2009 (217, 293)

Hunger ratings;
Valence ratings of
stimuli;
PANAS;
Path analysis

3.0T; transverse
plane

SPM2 ROI
ROI P<0.01,
corrected, min 7
contiguous voxels

OB> HW High cal>non-food ↑ activation in the medial and lateral OFC, medial
PFC, ACC, insula, NAcc, amygdala, ventral palladium, hippocampus, caudate
and putamen. HW> OB High cal> non-food ↑ activation in medial PFC. OB>HW
low cal> non-food ↑ activation in caudate and putamen. HW>OB low cal> nonfood ↑ activation in lat OFC, med PFC and ACC. Path analysis OB vs controls ↓
activation from amygdala to OFC and NAcc; ↑ connectivity from the OFC to
NAcc compared to controls

↑ activation to high-cal
foods in OB in brain
regions associated
with motivational and
emotional responses

Rothemund
2007(216)

Appetite ratings

1.5T; transverse
plane, parallel to
AC-PC line.

SPM2 whole brain
P<0.001 uncorrected,
min cluster size 5
contiguous voxels.
P<0.05 corrected

OB> HW ↑ activation of putamen, caudate body, ant insula, hippocampus and
parietal lobule to high-cal foods. OB> HW ↑ activations in sup frontal, middle and
inf frontal gyrus, middle occipital gyrus and sup temporal gyrus to low cal foods.
BMI sig. correlated with signal changes in the putamen (right: r=0.56; left:
r=0.52), caudate body (r=0.53), ant insula (r=0.55), claustrum (r=0.52), post
cingulate cortex (r=0.56), lateral globus pallidus (r=0.52), postcentral gyrus

Food images activate
reward systems which
may contribute to
overeating and
obesity.
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Leptin plays a role in
modulating the
responsivity of the
reward pathways to
food cues.
Obesity is associated
with modified
responses of the
reward system and
enhanced sensitivity
to external food cues
OB people may make
a more strenuous but
unsuccessful effort to
reduce food craving.

Small ROI
analysis, small
sample size
No indication of
participant
gender.

Small sample
size, female
only, OB
category also
contained
overweight
BMI.
Only one food
stimulus,
hunger ratings
only in subset
of participants,
female only,
small sample.
Signal dropout
in the med
OFC, small
sample size,
VTA not
included due to
methodological
limitations,
female only
Handedness
not controlled,
no description
of food stimuli
used, female
only, small

(r=0.54), lateral OFC (r=0.53).
Frank 2014
(294)

Hunger ratings;
Prospective food
consumption; TFEQ;
Body composition

1.5T

SPM8, ROI P<0.05
FEW corrected

Goldman 2013
(295)

3.0T, transverse
slices parallel to
AC-PC line.

SPM 8, P<0.01
threshold 10
contiguous voxels.
Clusters p< 0.05
corrected &
uncorrected.

McCaffery
2009 (296)

3.0T; transverse
plane

AFNI
P<0.001, cluster
threshold 100mm3

3.0T; oblique
transverse plane
(parallel to the
planum
sphenoidal)
3.0T, Oblique
transverse plane
at 40 degree
angle

SPM5
Voxel wise threshold
p<0.01 FDR
BrainVoyagerQX ,
ROI and whole brain,
ROI P<0.001
uncorrected, min
cluster size 3
contiguous voxels,
whole brain P<0.05
FDR corrected.
Brain Voyager QX,
cluster threshold

Tregellas 2011
(30)

Hunger ratings;
Appetite ratings

Bruce 2011
(297)

Anthropometrics;
Eating Inventory;
Depression Scale

Bruce 2014
(298)

Hunger ratings

3.0T, Oblique
transverse plane

Weight loss intervention studies
OB ↑ activation in the cerebellum and ↓activation in the fusiform compared to
HW and RYGB. All participants high cal> low cal ↑ activation in OFC, insular
cortex, amygdala, ACC and fusiform gyrus. All participants low cal> non-food ↑
activation in fusiform gyrus. OB low cal>high cal ↑ activation while high cal>low
cal ↑ activation in hypothalamus in HW and RYGB.

sample
RYGB activity differed
from OB but similar to
HW i.e. alterations in
OB brain activity may
recover following
RYGB.
Individuals with↑
DLPFC activation
when told to resist
craving are more likely
to have successful
weight loss outcomes

Female only,
small sample,

SWL show greater
inhibitory brain control
and attention in
response to food
cues.

Self-selected
sample, small
sample, no
indication of
method or
reason of
weight loss.

SWL> HW ↑ activation following eucaloric diet in post cingulate gyrus, lateral inf
parietal cortex. Overfed diet > eucaloric state ↑ activation in post cingulate in all
individuals, driven by HW.

↑ in default network
activity in SWL
compared to HW in
eucaloric state.

Small sample,
compliance to
diet not
assessed

Post-surgery pre-meal Food> non-food ↑ middle frontal gyrus, sup frontal gyrus
and ↓ activation in the medial frontal gyrus. Post-surgery post- meal food vs nonfood ↓ activation in medial frontal gyrus, insula/operculum, inf frontal gyri,
parahippocampal gyrus. Pre-surgery, greater BMI associated with less food vs
non-food activation in right middle frontal gyrus pre-meal (r=-0.76 P<0.05).

Changes in brain
activation postsurgery consistent
with lower levels of
food motivation and
reward.

Small sample
size, no control
group

Changes pre- to post- intervention Pre-meal behavioural> bariatric food> nonfood ↑ activation in medial prefrontal cortex, precuneus. Post-meal bariatric>

Method of weight loss
(Surgical or

Small sample,
some baseline

Upregulation of craving all participants food>neutral ↑ activation in the
medial/sup frontal gyrus, ant insula, cuneus, middle occipital, sup parietal,
thalamus, caudate and↓ activation in sup parietal and precuneus and temporal
cortex. Downregulation of craving food>non-food ↑ activity dlPFC, inf frontal
gyrus, ant insula, sup parietal cortex and ↓ activation in the precuneus, post
insula, occipital lobe. Downregulation of craving more successful weight
loss>less successful weight loss ↑ activation in dlPFC.
HW > OB ↑ activation to high energy cues in in sup frontal, precuneus and sup
parietal regions. SWL > OB ↑ activation to high-cal cues in in prefrontal regions,
occipital, lingual, and fusiform regions and precentral and postcentral gyri. OB
>SWL ↑ activation to high-cal cues ant cingulate.
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Small sample
size,
predominantly
female

at 40 degree
angle

P<0.01 min k=7
contiguous voxels,
alpha=0.05 corrected

behavioural ↑ activity middle temporal gyrus, inf temporal gyrus/occipital.

behavioural diet)
display different
changes in brain
activation
Behavioural impulse
control and neural
substrates pre-diet
can predict degree of
weight loss in obese
subjects
↑ reward related
activation at start of
weight loss program
predicted poorer
weight control.

differences
between
groups

Weygant 2013
(299)

Anthropometrics

1.5T, transverse
plane, parallel to
AC-PC line

SPM8, ROI, FDR
P<0.025

Correlations between weight loss and activation in the vmPFC (r=0.86
P<0.0001), ant insula (r=-0.82 p<0.0001 and r=-0.85 P<0.0001), dmPFC (r=0.87
p<0.0001 and r=0.85 P<0.0001). Connectivity of vmPFC with dlPFC, and vmPFC
with the dorsal striatum and dmPFC predicted weight loss success.

Murdaugh
2012 (300)

Weight loss; Hunger
ratings

3.0T; transverse
plane

SPM8
FDR≤0.05, p≤0.01,
FWE≤0.05

OB ↓ activation medial PFC, inf parietal lobule, precuneus, PCC, premotor cortex
and angular gyrus post- EatRight intervention. Within the OB group, a positive
correlation between % weight change and activation of NAcc, ACC, frontal
operculum and insula. Positive correlation 9 month weight maintenance and
brain activation post- EatRight in putamen, hippocampus and insula.

Nock 2012
(301)

Food image
preference rating;
Hunger ratings

3.0T; transverse
plane, parallel to
AC-PC line

BrainVoyager QX
v2.3.1
Uncorrected p <0.005,
FWE p<0.05

↑ activation at
baseline was
associated with less
successful weight
loss.

1.5T transverse
plane parallel to
AC-PC line.

SPM5, activation
threshold P<0.005
uncorrected, cluster
threshold 145
contiguous voxels
P<0.05 corrected
multiple comparisons
whole brain
SPM5
Uncorrected p<0.005,
cluster extent
threshold 152
contiguous voxels.
Corrected p<0.05

↓ activation following intervention in high-cal vs non-food images in the sup
frontal gyrus, lateral globus pallidus, cingulate gyrus, thalamus, post cingulate,
precuneus, and claustrum. ↓ activation following intervention to low-calorie vs
non-food images in the insula, precentral gyrus and middle temporal gyrus. ↑
activation following intervention to high vs low-calorie food in the sup temporal
and frontal gyri. Positive correlation %weight change and activation of the OFC
(r=0.69, P<0.05) and medial frontal gyrus (r=0.66, P<0.05).
Changes in activity Fasted Pre vs post-surgery ↓ in activation in sup temporal
gyrus, middle temporal gyrus, culmen, middle frontal gyrus, precentral gyrus, sup
frontal gyrus, precuneus, declive, insula, claustrum. Presurgery greater activation
in fasted vs fed in the precuneus and sup parietal lobules.

Greater responsivity
to food cues pre
compared to postsurgery

Small sample
size, female
only

Pre->post-surgery: reduction in activation to high> low cal foods in reward related
responses in the mesolimbic pathway particularly the lentiform nucleus, putamen,
and middle and sup frontal gyri.

Reductions in reward
related activation were
apparent post-surgery
in response to high cal
foods

Female only,
small sample,
no control
group,
responses of
visual and
auditory cues
combined,

Ochner 2012
(302)

Ochner, 2012
(303)

Fullness ratings;
Ratings of food
desire;
Liking ratings

1.5T; transverse
plane, parallel to
AC-PC line
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Small sample
size, no long
term follow up
data.
Not imaged in
same
menstrual
phase,
intervention
compliance not
measured.
Lack of control
group, small
sample size.

short follow up.
Ochner, 2011
(304)

Eating behaviours
and attitudes
questionnaire;
Hunger ratings

1.5T; transverse
plane, parallel to
AC-PC line

SPM8
Cluster size threshold
135 contiguous
voxels. Uncorrected
P<0.005, corrected
P<0.05

Benedict 2012
(305)

BGL; Hunger ratings;
Image ratings

3.0T, transverse
plane

SPM8, ROI , P<0.05
FWE

Karra 2014
(306)

Appetite ratings;
Ghrelin; Image
ratings; Hunger
ratings

3.0T, parallel to
AC-PC line

Kroemer 2012
2013 (307, 308)

Prospective food
consumption;
Neuroendocrine
analysis

3.0T, transverse
plane, parallel to
AC-PC line.

SPM8, whole brain
correction P<0.05
FWE. Cluster voxel
threshold P<0.001
uncorrected. ROI
P<0.05 corrected
SPM5, Whole brain,
uncorrected P<0.001
min cluster size k=20.
ROI FWE corrected.

Evero, 2012
(309)

Appetite
questionnaire;
24h dietary recall

1.5T; transverse
plane

Born,
2011(310)

Hunger and satiety
ratings;
Liking and wanting
ratings

3.0T.

SPM8 Whole brain
and ROI. Uncorrected
p<0.005, Bonferroni
correction p<0.05. 5
contiguous voxels
BrainVoyager QX ROI
v2.1.
FDR q<0.05, Voxel
cluster threshold
n=4x27mm3

High > low cal food ↓ activity post-surgery in VTA, ventral striatum, putamen,
post cingulate, dmPFC and lentiform nucleus. Food> non-food ↓ activation postsurgery in response in corticolimbic (PFC) and mesolimbic reward pathway.

Healthy weight
Sleep deprivation> sleep ↑ activity in ACC to food images. Sleep deprived
responses in the ACC positively correlated with appetite ratings (r=0.67, p=0.02)
Fasted AA vs TT↓ activation to food images in the hypothalamus, VTA,
substantia nigra, Post insula, globus pallidus, thalamus, and hippocampus.
Interaction between fasting state, incentive value of food and genotype in the ant
insula, OFC and putamen.
Fasting food>non-food ghrelin correlated with activation in the middle and sup
occipital/temporal gyrus, fusiform gyrus, caudate, pallidum, midbrain, Rolandic
operculum, amygdala, thalamus, ant cingulate gyrus, hypothalamus. Postglucose food>non-food ↓ activation to in basal ganglia, medial frontal gyrus,
middle temporal gyrus, ACC. Post- glucose food>non-food ↑ activation in the ant
precuneus and occipital regions.
Exercise ↓ activation to high-cal foods vs control in the occipital gyrus, inf frontal
gyrus, sup parietal gyrus, putamen and insula and ↑ activation in the precuneus.
Exercise ↓ activation to low-calorie foods vs control in the occipital gyrus, inf
OFC, sup frontal gyrus and precentral gyrus. No-exercise ↑ activation in the
lingual gyrus and ↓ response in the occipital gyrus to high-cal foods vs control.
Dietary restraint predicted "liking" task-related signalling in the amygdala,
striatum, thalamus, and cingulate cortex. Pre-meal "liking" and "wanting" taskrelated signalling and pre-meal to post-meal "liking" task-related signalling
changes in the NAcc correlated positively with dietary restraint. BMI and hunger
predicted "wanting" task-related signalling in the hypothalamus and striatum.
Post-meal "liking" task-related signalling in the striatum, ant insula, and cingulate
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Mesolimbic pathway
activation ↓ in
response to high
relative to low-cal
foods post-surgery.

Females only,
small sample,
no control
group,
responses of
visual and
auditory cues
combined,
short follow up.

Sleep deprivation
associated with ↑
activation of ACC and
↑ anticipation for food
TT and AA genotypes
display different
responsivity to food
images, which may be
modulated by ghrelin

Males only,
small sample
size

Fasting levels of
ghrelin modulates
activation of brain
areas associated with
reward, visual
processing, taste
Exercise ↓ neuronal
responses to visual
food cues in food
reward, and visual
attention regions
Potential 'reward
deficiency' which was
most apparent in the
satiated condition.

Small sample
size, no control
drink

Male only,
small sample

Small sample
size.

Female only,
small sample
size

Born 2010
(311)

Cornier 2010
(312)

Frank 2010
(313)

Goldstone
2009 (314)

Coletta 2009
(315)

Siep 2009
(316)

Neuroendocrine
analysis
Hunger and satiety
ratings;
Liking and wanting
ratings
3 day food diary;
TFEQ;
PFS;
Hunger and
prospective
consumption ratings
Hunger ratings

3.0T.

Food diary;
Breakfast caloric
analysis;
Appetite ratings;
PANAS
Herman and Polivy
Restraint Scale;
Subjective hunger

3.0T; transverse
plane, -30 degree
to AC-PC line

Hunger ratings

3.0T; oblique
transverse plane
(300 tip)

3.0T; transverse
plane, parallel to
planum
spheniodale
3.0T; transverse
plane

1.5T; transverse
plane

BrainVoyager QX
v2.1. Whole brain and
ROI.
FDR P<0.05. Voxel
cluster threshold
4x27mm3.
SPM5
Whole brain and ROI
P<0.05 corrected 130
voxels.

cortex and "wanting" task-related signalling in the striatum predicted energy
intake.
↓Reward related activation in the satiated vs fasting condition. Stress sig. ↓
activation in the OFC, frontal cortex, putamen, amygdala, hippocampus and
cingulate cortex while fasted compared to rest condition. ↓ activation of the
putamen in the stress condition when satiated.
Female> male ↑ activation in lateral and dlPFC and parietal cortex. Female>
male highly hedonic > neutral food↑ activation of parietal cortex and lateral PFC
in response to highly hedonic vs neutral hedonic foods. dlPFC activation to highly
hedonic food images negatively correlated with ad libitum energy (r= -0.53,
P<0.001)

SPM5 Whole brain
FDR P<0.05, min
cluster size 10
contiguous voxels.
P<0.001 uncorrected
SPM5 ROI
P<0.001 uncorrected
and cluster >5
contiguous voxels.
FDR and FWE P<0.05
SPM5 Whole brain
P<0.001 cluster size
threshold uncorrected
Min cluster size 8
contiguous voxels

High cal> low cal ↑ activation in the orbitofrontal lobe, occipital lobe, insula, post
cingulum, postcentral lobe, thalamus, sup frontal lobe, medial frontal lobe, ant
cingulum in females only. Fasted>satiated ↑activation to high-cal foods in the
sup medial frontal lobe, fusiform gyrus, ant fusiform, ant cingulum, middle frontal
lobe, olfactory, and fusiform gyrus in females only.
Fasting (skipping breakfast) ↑ activation high-cal > low-cal foods in VS,
amygdala, insula, medial OFC, lateral OFC.

BrainVoyager QX (v
1.9) Whole brain and
ROI
P<0.05 uncorrected,
cluster size threshold
10 contiguous voxels

Activity in the lateral and medial OFC, cingulate cortex, caudate putamen, insula
and fusiform gyrus stronger for low calorie foods when satiated and stronger for
high cal foods when fasted.

Unrestrained eaters ↑activation when fasted in the sup temporal gyrus,
parahippocampal gyrus, putamen, middle frontal gyrus and when satiated ↑
activation cingulate gyrus, inf frontal gyrus, precuneus, and parahippocampal
gyrus. Restrained eaters ↑ activation cerebellum when fasted and ↑activation
cerebellum, middle frontal gyrus, sup frontal gyrus, insula, middle frontal gyrus
and precentral gyrus when satiated.

265

Stress ↓ sensitivity of
the reward system
and interferes with
food preferences and
energy intake.

Female only,
small sample
size.

Gender affects neural
responses to food with
females displaying
greater activation of
areas associated with
cognitive processing
Gender diffs and
calorie content of food
pictures modulates
reward related
activation.
Skipping breakfast
enhances
engagement of brain
reward areas to high
cal foods
↑ activation of hunger
and reward related
regions when satiated
in Restrained vs
Unrestrained eaters.

BMI not just in
HW category

Satiated participants
showed ↑ responses
to low-cal foods while
hungry participants
showed responses to
high-cal foods.

Small sample
size.

Small sample,
breakfast meal
not
standardised
Female only,
small sample
size, no control
for menstrual
cycle, did not
investigate
whether
activation was
excitatory or
inhibitory
Female only,
small sample
size

Fuhrer 2008
(317)

Hunger ratings

3.0T; transverse,
parallel to AC-PC
line

Cornier 2007
(318)

TFEQ;
PFS;
Energy needs;
Hunger and
prospective
consumption ratings
24h food and fluid
intake record;
Hunger ratings;
Hormone analysis

3.0T; transverse
plane, parallel to
planum
spheniodale

Demos
2011(320)

LIPSIA Whole brain
P<0.001
Min 8 contiguous
voxels (>216mm3).
P<0.05 image wise
false positive rate.
SPM2 Whole brain
and ROI
FDR P<0.05

Fasted> satiated ↑ activation in striate, extrastriate cortex, ant lateral OFC and
OFC . Satiated>fasted ↑ activation post middle temporal gyrus. Food> non-food
↑activation in insulae, striate and extrastriate cortex, ant mid PFC, thalamus, and
cerebellum. Non-food > food ↑ activity in parietal lobe, mid temporal gyrus.

Brain activation differs
based on state of
satiety and food vs
non-food images

Small sample
size, males
only

Eucaloric state highly hedonic food> non-food ↑ activation inf visual cortices,
hypothalamus, PFC, parietal cortex and hippocampus. Neutral hedonic> nonfood↑ activation of in insula and dlPFC. Overfeeding state high hedonic ↓
activation hypothalamus.

Higher salience of
foods ↑s the attention
towards these cues.

Small sample

1.5T; transverse
plane, parallel to
AC-PC line

Whole brain Cluster
wise p value < 0.0050.001
Cluster wise P<0.01

Food> non-food ↑ activation in fusiform gyrus, lingual gyrus, ant gyrus and
insula. Fasted> satiated ↑ activation in fusiform gyrus. Female> male ↑ activation
in fusiform gyrus.

Processing of food
stimuli is mediated by
motivational states
and gender.

Liking ratings;
Hunger ratings

3.0T; transverse
plane

SPM2 Whole brain
and ROI
FDR P<0.05. min
threshold 5
contiguous voxels

Dieters> non dieters ↑ activation to food in the middle temporal gyrus, inf frontal
gyrus, lateral parietal sulcus, sup frontal gyrus and insula. Non dieters>dieters ↑
activation to food in non-dieters in the inf occipital gyrus and middle frontal gyrus.
Milkshake> water preload ↑ activity in the OFC, cuneus and ventral ant cingulate.
Water> milkshake preload ↑ activation in the precentral gyrus, middle temporal
gyrus, lateral OFC precentral gyrus, and dorsal ant cingulate.

Rolls 2007
(321)

Chocolate ratings;
Chocolate cravers
questionnaire

3.0T. coronal
plane

Cravers> non cravers ↑ activation of mid and medial OFC and VS to chocolate
image. Cravers > non cravers ↑ activation to dark vs white choc in ACC.

Grabenhorst
2013 (322)

Food ratings;
PPI brain connectivity

7.0T, coronal
slices

Hollman
2012(323)

Cognitive restraint
questionnaire;
Disinhibition of eating
questionnaire

3.0T; transverse
plane, parallel to
AC-PC line

SPM2 Whole brain
and ROI
FDR P<0.05, P<0.005
uncorrected
SPM5, whole brain
correction P<0.05
FWE at the cluster
level, cluster threshold
90-163 voxels. ROI
P<0.05 FWE
SPM5 Whole brain
FDR corrected P<0.05

Diet and selfregulatory failures
may be mediated by
hyperactive reward
system and
motivational
responses to food
Brain processing of
craved foods differs
cravers and noncravers.
Label based
marketing can alter
neural responses to
food and affect food
choices

No food vs
non-food
contrast, nonstandardised
meal prior to
scan, small
sample size
Female only

Uher 2006
(319)

Subjects rated foods as more pleasant and more attractive when exposed to
taste labels compared with health labels. Expected pleasantness and
attractiveness ratings were strongly correlated. Pleasantness ratings were higher
in the taste label condition compared without labels, Health cost ratings did not
differ significantly between label conditions.
Sig. ↑ in Regulation of appetite > No Regulation of appetite condition in lateral
OFC, inf frontal gyrus, insula, supplementary motor area, and temporo-parietal
junction. Sig. positive correlations between cognitive restraint and activation of
dlPFC and caudate head in response to tasty food. No sig differences in
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Cognitive strategies
can regulate desire for
tasty foods.

Small sample,
female only.
Small sample

Small sample
size, female
only,
overweight

activation patterns between HW and overweight.
Lawrence 2012
(324)

under
represented

3.0T, transverse
plane parallel to
AC-PC line

FMRIB ROI analysis,
whole brain
P<0.05, non-adjusted
Spearman’s
correlation

Activation of the NAcc to food > non-food cues sig. correlated with chip
consumption (r=0.47, p=0.019). VmPFC activation correlated with craving
(r=0.45, p=0.025). Low self-control interacted with NAcc activation to predict BMI
(p=0.0031).

NAcc responses to
food cues predict food
behaviours and BMI.

Siep 2012
(325)

General Food
Craving
Questionnaire;
Hunger and appetite
ratings;
Amount eaten
Hunger ratings;
Food cravings

3.0T; oblique
transverse plane
(300 tip)

BrainVoyager QX (v
1.9) Whole brain and
ROI
P<0.01 uncorrected,
P<0.05 corrected, min
cluster size 9
contiguous voxels

Upregulation >suppression of appetite↑ activity in the VTA, VS, operculum, post
insular gyrus, medial OFC, and vmPFC. Suppression of appetite ↓ activity in the
VTA and VS more effectively than cognitive reappraisal. Suppression> cognitive
reappraisal of appetite ↑ activation in the ant PFC, L lateral OFC, and dlPFC.

Short term cognitive
control strategies can
modulate activity
within the
mesocorticolimbic
circuitry.

Gearhardt
2011(181)

Yale Food Addiction
Scale (YFAS)

3.0T; transverse
plane, parallel to
AC-PC line

SPM5
FDR P<0.05 Whole
brain, P<0.001
uncorrected. Min
threshold 3
contiguous voxels.

Food addiction scores correlated with activation in ACC, medial OFC, amygdala.
Participants with a high FA > Low FA ↑ activation in dlPFC and caudate.

Relationship exists
between indicators of
addictive eating
(YFAS) and neural
activation.

3.0T; transverse
plane

FSL v3.3 ROI analysis
P<0.05 corrected

Fattening food>object ↑ activation in the brainstem, hypothalamus, amygdala,
PFC, insula, striatum (putamen, caudate), thalamus, and the occipital lobe. Nonfattening food> object ↑ activation in the occipital lobe. High cal>low cal ↑
activation in the brainstem, hypothalamus, amygdala, inf frontal gyrus, insula,
striatum (caudate, NAcc, putamen), and thalamus.

Brain regions involved
in reward and
cognitive processing
are selectively
responsive to food

3.0T; coronal
plane

SPM5 ROI
ROIs FWE P<0.05

Appetising>bland foods ↑ activation in VS, amygdala and ACC. Changes in
connectivity between the frontal pole, post parietal cortex and VS evident to

Individuals with high
external food

Schur 2009
(326)

Passamonti
2009(327)

DEBQ (external food
sensitivity);
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Female only,
small sample
size, BMI
ranges across
more than just
HW category.
Female only,
small sample,
short duration
of cognitive
strategies, no
craving ratings
in passive
viewing
Female only,
FWE
participants
met the criteria
FA diagnosis,
small sample
size; not
scanned in
same
menstrual
phase
Small sample
size, female
only, no control
of menstrual
phase,
handedness
not controlled;
BMI not solely
in the HW
range
Small sample
size, BMI

Hunger ratings;
PPI brain connectivity

Whole brain P<0.001,
10 contiguous voxels

appetising vs bland foods, and motivated by external food sensitivity.

Killgore 2006
(328-330)

24h recall;
Motivational salience
of stimuli; PANAS

1.5T; coronal
plane

SPM99 Whole brain
and ROI
P<0.005 uncorrected,
min 10-20 contiguous
voxels, p<0.05
corrected

High cal> low cal↑ activation in the medial and dlPFC, thalamus, cerebellum,
medulla, and the middle occipital gyrus. Low cal> high cal ↑ activation of the
middle temporal gyrus, lingual gyrus and medial frontal gyrus. BMI negatively
correlated with activation of inf orbitofrontal gyri and ant cingulate gyrus to highcal foods (P<0.001) and activation of the inf orbitofrontal gyrus to low-cal foods
(P<0.001). Negative affect associated with ↑ activation in OFC, ant cingulate
gyrus and post insula when viewing high cal foods.

Porubska
2006(331)

Appetite ratings

1.5T; transverse
plane

SPM2 ROI and whole
brain
P<0.05 FDR

Food> non-food ↑ activation of the OFC and insula/opercular cortex.

3.0T; transverse
plane, ROI

SPM99 Whole brain
P<0.005 uncorrected,
min 7 contiguous
voxels, P<0.05
uncorrected

Food >non-food ↑ activation in the insula/operculum, OFC, ACC, inf occipital
gyrus, inf temporal gyrus and fusiform gyrus.

SPM8, whole brain
P<0.005 uncorrected,
cluster threshold 50
contiguous voxels.
Contiguous clusters
k>147 sig at P<0.05
corrected.
Brain Voyager QX,
whole brain, P<0.05
whole brain corrected

Simmons 2005
(332)

Geliebter 2013
(333)

Anthropometrics;
Eating Disorder
examination; Hunger
and fullness ratings

1.5T, transverse
plane

Lundgren 2013
(334)

Anthropometrics;
Three day recall;
Percent energy
consumed after
evening meal

3.0T, oblique
transverse plane
angle of AC-PC
line 17-22
degrees

Overweight/obese
Fasted male>female high>low cal ↑ activation inf parietal lobule. Fasted
female>male high>low cal cues ↑ activation caudate nucleus and temporal
occipital area. Satiated male>female high>low cal ↑ activation in the fusiform
gyrus. Satiated female>male high> low cal ↑ activation in dorsal ACC.

Control> EH pre-meal food> blurred images ↑ activation inf parietal lobule,
precentral gyrus, cingulate gyrus. Post- meal EH>Control food>blurred ↑
activation fusiform gyrus. Control>EH food>blurred inf frontal gyrus, inf parietal
lobule. Pre-meal food>animal sig interaction in inf frontal gyrus, sup temporal
gyrus, middle temporal gyrus, cerebellum. EH ↓ activation pre- to post- meal for
food images.
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sensitivity have
altered brain
responses to
appetising food
High cal food ↑
activation in regions
processing
motivational salience
of food stimuli
compared to low cal
food
Brain activation
modulated by the
subjective feeling of
appetite.
Gustatory cortices
associated with taste
and reward are
activated in response
to food pictures, not
just actual food.
Fasted females had ↑
activation in affective
and reward related
processing regions,
satiated had ↑
activation in control
regions.
People with EH are
less reactive to food
cues in brain areas
associated with
sensorimotor and
cognitive attention and
processing when
fasted

across multiple
categories
BMI range not
solely in the
HW category,
not scanned in
same
menstrual
phase, female
only, small
sample.
Small sample
size
Small sample
size, males
only

No control for
menstrual
cycle, images
not matched,
no control
group
Small sample
size, no HW
controls,
readings taken
during the day
rather than at
night

a

Tryon 2013
(335)

Stress Inventory;
Food consumption;
Saliva; Functional
connectivity, Cortisol
concentration

3.0T, sagittal
slices

SPM8, ROI p<0.01,
FDR P<0.05

Van Vugt 2012
(336)

OGTT (insulin
sensitivity); BGL;
Questionnaire for
hunger and wellbeing

3.0T, transverse
plane

SPM8, ROI, P<0.001
uncorrected, clusters
>4 contiguous voxels
P<0.05 FWE

Luo 2012 (337)

Anthropometrics;
Hunger and desire to
eat ratings

3.0T

FMRIB P<0.05
corrected for whole
brain comparisons,
ROI

High stress> low stress high cal >non-food ↑activation ACC, amygdala, medial
OFC, putamen and caudate. High stress vs low stress non-food> high cal ↑
activation in the caudate and putamen, ant PFC, ant cingulate, dlPFC, lateral
OFC. High stress>low stress low cal>control ↑ activation in the caudate. High
stress> low stress High cal> low cal ↑ activation in the amygdala, ant cingulate,
med OFC, putamen, caudate. High stress > low stress low cal>high cal ant PFC,
dlPFC.
High cal food> control all subjects ↑ activation in dlPFC, mPFC, insula, NAcc,
ventral pallidum, putamen, amygdala, caudate, VTA, substantia nigra,
hippocampus, pulvinar and midbrain. All subjects low cal food>control ↑
activation dlPFC, insula, amygdala, hippocampus, pulvinar, midbrain. Activation
to high cal food in the dlPFC, ant cingulate, midbrain negatively correlated with
insulin sensitivity. High cal-low cal contrast activation in the OFC, dl PFC, insula,
ventral pallidum VTA and midbrain positively correlated with insulin sensitivity.
Food>non-food ↑ activation OFC, ventral medial PFC, ACC, insula, nucleus
accumbens, amygdala, hippocampus and occipital cortex. High cal> non-food ↑
activation insula, OFC, lateral PFC, ACC amygdala, striatum. High cal>low cal ↑
activation ACC, medial PFC, OFC, hippocampus, insula, lateral occipital cortex.
Brain responses to high cal foods in OFC, striatum, insula, amygdala mPFC
positively correlated with waist circumference (r=0.62, p=0.03).
, b

Chronic stress may
affect eating habits
and quantities eaten,
leading to overeating.

Sig difference
in age, female
only

Insulin sensitivity is an
important determinant
of brain
responsiveness to
food cues.

Small sample
size

High cal foods
activate reward and
motivation related
brain regions and ↑
levels of abdominal fat
predict brain reward
activity.

Small sample
size, not all in
obese
category,
abdominal fat
not directly
measured.

Visual cue classification has used the authors description where possible Only results from OB and HW populations reported. ACC= anterior cingulate cortex, ant=
anterior, BMI= body mass index, Cal=calorie, DBEQ=Dutch Eating Behaviour Questionnaire, diff = difference, FDR= false discovery rate, dl= dorsolateral, FFA= free fatty
acids, FEW= family wise error, HW= healthy weight, NAcc= nucleus accumbens, OB= obese, OFC= orbitofrontal cortex, OW= overweight, PANAS= Positive and Negative
Affect Scale, PFC= prefrontal cortex, post=posterior, ROI= region of interest, RYGB= Roux-en-Y gastric bypass, sig = significantly, sup=superior, SWL= OB participants
who had successfully lost weight, TFEQ= Three Factor eating Questionnaire, VS= ventral striatum, vs= versus, VTA= ventral tegmental area, YFAS=Yale Food Addiction
Scale, PFS= power of food scale, PPI= Psychophysiological interaction, vm= ventromedial, VS= ventral striatum, VTA= ventral tegmental area.
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Supplementary table 4: Locations of clusters (MNI) with significant ALE values for studies
reporting decreases in activation from pre- to post- weight loss included in the meta-analysis.
Clustera

Anatomical labelb

1
2
3
4
5
6
7
8
9
10
11
12
13

L Superior temporal gyrus
R Middle frontal gyrus
L Lentiform nucleus
L Cingulate gyrus, Brodmann area 23
R Precentral gyrus
L Cingulate gyrus, Brodmann area 32
R Cingulate gyrus, Broadmann area 31
R Precuneus, Brodmann area 7
R Cingulate gyrus, Brodmann area 32
R Inferior parietal lobule
R Precuneus, Brodmann area 7
R Superior occipital gyrus
L Middle temporal gyrus

a

Clusters surviving FDR threshold P=0.05,
Montreal Neurological Institute coordinates

Peak voxel coordinatesc
x
y
z
-40
-48
6
32
34
34
-12
0
-2
-4
-34
26
40
0
42
-6
24
42
4
-36
38
16
-72
40
2
16
42
50
-40
38
20
-52
44
36
-74
26
-28
-64
22
b

L= left, R=right,
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c

Cluster size (mm3)

ALE value (x10-3)

256
216
192
176
160
152
144
144
144
136
136
128
120

8.4
7.6
7.8
8.7
8.6
8.6
8.5
8.6
8.5
8.4
8.4
8.4
7.3

Coordinates reported in standardised

Supplementary table 5: Characteristics of included studies using the Yale Food Addiction Scale to assess food addiction.
Author,
year,
country

Type of
study

Number
of
participa
nts

Population
studied

Participant characteristics

Study information

Outcome measures

YFAS details
(e.g. Type and
method of
administration)

Symptom
score or
diagnosis
used?

Follow
up?
Duration
?

Retentio
n rate

Brunault,
2014,
France
(383)

Cross
sectional

n=553

Non clinical
sample

Age: 28.9±12.0 years (95% CI 27.9-29.9
years).
BMI: 22.5±4.5 kg/m2 (95% CI 22.2-22.9
kg/m2).

Assessment of the
psychometric properties of
the French version of the
YFAS.

Socio demographic
characteristics; BMI; BES;
the Bulimic Investigatory
Test- Edinburgh

YFAS French
version. Online
questionnaire

D + SS

N/A

N/A

Burgess,
2014,
USA
(384)

Cross
sectional

n=150

College
undergraduat
e students

70.7% female
Age: 24.4 years (range 17-60)
BMI: 26.3 (range 16.4-51.0kg/m2).
2% underweight, 52.7% HW, 22% OW, 18%
OB, 5.3% severely OB.

Validation of the Palatable
Eating Motives Scale.

PEMS; BES; Sensitivity to
punishment and reward;
BMI; Demographics

YFAS. Paper
based survey
completed at face
to face session.

SS

N/A

N/A

Davis
2014,
Canada
(385)

Double
blind
crossove
r design

n=136

Healthy
adults
participating
in a
community
based study
of overeating

Age: 25-50 years
67.6% female
Age food addicts 33.9±5.9 years, non-food
addicts 32.4±6.6 years (NS).
BMI: food addiction group 34.6±7.0 kg/m2,
non-food addiction group 33.8±8.4 (NS).
26% food addicts and 20% control group
smokers.

General FCQ- State;
Appetite ratings, Snack food
consumption;
Demographics; Favourite
snack foods; mood ratings.

Questionnaires
distributed at
initial session and
completed at
home.

D

3
sessions,
1 week
interval.

100%

Flint,
2014,
USA
(386)

Cross
sectional

Female
nurses in the
USA involved
in the NHS
and NHS II

100% female
Age range: NHS 62-88 years, NHS II 45-64
years.
BMI: NHS 43.7% HW, 34.2% OW, 22.2%
OB. NHS II 40.2% HW, 30.5% OW, 29.2%
OB.
86.6% NHS and 81.0% NHS II provided
sufficient data

Demographics; Self-reported
anthropometrics; Physical
activity; Medical assessment

Modified YFAS
NHS completed in
written hardcopy,
NHS II completed
online.

D

N/A

N/A

Gearhar
dt, 2014,
USA
(387)

Cross
sectional

n=
134,175
YFAS
and
modified
YFAS on
subsampl
e
n=2061.
n= 815

Non clinical
sample of
community
volunteers

88.1% female
Age: 33 years (range 18-73)
BMI:28.70±8.77 kg/m2 (range 14.60-69.23)
79.1% Caucasian

Part of a larger study. 3
assessment sessions
Participants randomised to
oral methylphenidate or
placebo capsule.
Methylphenidate suppresses
appetite and reduces binge
episodes. Participants could
eat as much of snack food
as desired 3h post capsule
Biennial questionnaires.
NHS established in 1976
with 121,700 nurses. Food
addiction data collected
2008-2010. NHS II
established in 1989 with
116,609 nurses. Food
addiction data collected
2009-2011.
Investigate the relationships
between YFAS and BMI, BN
and BED. Grouped based on
eating behavior: 1) FA only,
2) BED/BN exclusively, 3)
BED+ FA, 4) BN+ FA, 5)

Demographics, self-reported
anthropometrics, Eating
Disorder Examination
Questionnaire,
Questionnaire for Eating and
Weight Patterns Revised.

YFAS. No details
re completion.

D + SS

N/A

N/A
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Author,
year,
country

Type of
study

Number
of
participa
nts

Population
studied

Participant characteristics

Imperato
ri, 2014,
Italy
(388)

Cross
sectional

n =112

OW and OB
patients
seeking low
energy diet
therapy

71.4% female
Age: 43.46±12.91 years (range 18-73).
BMI: 32.09±6.76kg/m2 (range 25.04-53.04).
49% used tobacco in previous 6 months.
Majority employed and educated.

Lent,
2014,
USA.
Eichen,
USA,
2013.
(389,
390)

Cross
sectional

n=178

OW/OB
adults
seeking/
enrolled in
behavioral
weight loss
treatment

Whole sample: 51.2±11.7 years,
36.1±4.8kg/m2, 92.1% OB, 74.7% female,
69.1% African American.
Study 1: n=100, Age 55.6±10.6 years, BMI
35.8±5.3kg/m2, 59% African American.
Study 2: n=78, Age 45.6±10.6 years, BMI
36.4±4.2kg/m2, 82.1% African American.
Completers were older than non-completers
(P=0.001).

Meule,
2014,
Germany
(195)

Cross
sectional
/ case
control

n= 109

Meule,
2014,
2012,
Germany
(391,
392)

Cross
sectional

n=50

Females with
current BN
recruited from
outpatient
clinics,
remitted BN
and control
group
Female
students

n=26 current BN, n=20 remitted BN, n=63
control.
Age: current BN 25.23±5.82years, remitted
BN 25.55±3.72 years, control 23.57±4.20
years (NS).
BMI: current BN 20.92±1.92 kg/m2, remitted
BN 21.92±1.50 kg/m2, control 21.84±2.65
kg/m2 (NS).
n=82 screened
100% female
Age; 22.3±3.0 years (range 19-32).
BMI 21.5±2.7 g/m2.
18 trying to control their weight.

Study information

Outcome measures

YFAS details
(e.g. Type and
method of
administration)

Symptom
score or
diagnosis
used?

Follow
up?
Duration
?

Retentio
n rate

Aim: to test the association
between FA,
psychopathology and binge
eating

BES; Symptom Checklist-90Revised; Sociodemographic
and clinical history.

D + SS

N/A

N/A

Study 1: 6 month behavioral
intervention for individuals
with T2DM- randomised to
portion controlled diet or selfmanagement program.
Study 2: enhanced
behavioral treatment for
emotional eating including
portion control, mindfulness
and emotion regulation
Measurement of food
addiction in BN and
associations between BN
symptomology and FA.

BDI; BMI; Demographics;
Anthropometrics

Assessed at study
baseline. YFAS
translated in to
Italian by authors.
Cronbach's
alpha=0.87
YFAS. Scale
adapted from
'past year' to 'past
month'.
Completed at
baseline.

D + SS

6 month
weight
loss
program

Non
complete
rs 2.2%
males,
17.3%
females
(P=0.01).

YFAS German
version. No info re
completion

D + SS

N/A

N/A

YFAS. Completed
on same day or
within 1-2 weeks
of task

SS

N/A

N/A

healthy controls no FA.

Go no go trials where
respond to X Y stimuli base
on type of image shown:
(high cal sweet or savoury
food images or neutral
household objects). No food,
caffeine, nicotine or alcohol
3h before task. FCQ
completed immediately after
task, other questionnaires
completed same day or
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Eating disorder examination;
DEBQ; Borderline Symptom
List of BPD; Brief Symptom
Inventory; Centre for
Epidemiologic Studies
Depression Scale- Short;
Socio demographics;
Anthropometrics
Centre for Epidemiologic
studies depression scale;
BMI; Dieting status;
Perceived self-regulatory
success in dieting scale
(PSRS); BIS- short; FCQ-S;
Stop signal task (reaction
times, errors).

Author,
year,
country

Type of
study

Number
of
participa
nts

Population
studied

Participant characteristics

Study information

Outcome measures

YFAS details
(e.g. Type and
method of
administration)

Symptom
score or
diagnosis
used?

Follow
up?
Duration
?

Retentio
n rate

within 1-2 weeks.
Murphy
2014,
USA
(393)

Cross
sectional

n=233

Students at
the University
of Georgia

Pepino
2014,
USA
(394)

Longitudi
nal (pre
post test)

n=44

OB patients
selected to
undergo
gastric
bypass
surgery

Burmeist
er, 2013,
USA
(395)

Cross
sectional

n=57

OW/ OB
individuals
seeking
weight loss/
part of weight
loss
intervention

Clark,
USA,
2013
(344)

Cross
sectional

n=67

Post bariatric
surgery
patients
recruited from

77% female
Age: 19.65±2.15 years (range 18-32)
BMI: 22.78±4.0kg/m2 (range 16.0947.82kg/m2).
Underweight 5%, 73% HW, 16% OW, 5%
OB.
84% white
RYGB n=25, LAGB n=11, SG n=8. Age:
non-food addicted: 42.6±10.9 years, food
addicted: 43.2±11.1 years.
n=39 female
BMI pre surgery: non-food addicted
48.2±8.2kg/m2, food addicted
47.5±8.0kg/m2 (NS).
BMI post-surgery: non-food addicted
38.5±6.9kg/m2, food addicted
37.7±6.6kg/m2 (NS).
Non-food addicted 77% white, food addicted
86% white.
68.4% female
Age: 47.4±13.7 years
BMI: 38.2kg/m2±8.1.
84.2% Caucasian
70.2% married
91.2% college education.

Goal to investigate the
relationships between food
addiction, impulsive
personality traits and weight
status.

Impulsive behavior scale;
demographics;
Anthropometrics

YFAS. Pencil and
paper format.

D + SS

N/A

N/A

FA assessment pre and 9
months post gastric bypass
surgery. Dietary counselling
after surgery: liquid diet first
week followed by 2-4 week
progression to regular food
1000-1200kcal/d. Dietitian
involved- weekly phone or
face to face weight
monitoring, education and
advice.

DEBQ (emotional, external
and restrained eating); Food
Craving Inventory

Assessed at
baseline and
following surgical
weight loss of
~20%.
Questionnaires
administered in a
private room
onsite at the
Washington
University.

D+SS

9 months

9 non
complete
rs: 8 nonfood
addict1
food
addict

18 week behavioral weight
loss intervention. Individuals
who met goals randomised
to a lower intensity treatment
at week 7. Results of the
current study focus on
outcomes up to 7 weeks
prior to randomisation.

YFAS. Completed
at baseline

SS

7 week
weight
loss
interventi
on

89.5%

62.7% female
Age: 42.27 years (range 25-73).
59.7% RYGB.
86.6% Caucasian

Validation of the YFAS in a
post weight loss surgery
population. Questionnaires
completed before surgery

Centre for Epidemiological
Studies Depression Scale;
BES; DEBQ; Eating Self
Efficacy Scale; Anti-Fat
Attitudes questionnaire;
Weight Bias; Objectified
Body Consciousness Scale
Body Shame;
Multidimensional Body Self
Relations Questionnaire
Anthropometrics
Demographics; BES;
BIS/BAS reactivity; Eating
attitudes test; Emotional
eating scale; Michigan

YFAS. Online
survey.
Completed pre
surgery.

D + SS

N/A

N/A
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Author,
year,
country

Type of
study

Number
of
participa
nts

Population
studied

Participant characteristics

Study information

Outcome measures

68.3% female
Age: food addicts 34.7±5.9 years (range 4544), non food addicts 32.5±6.6 years (range
25-47) (NS)
BMI: Food addicts: 35.5±7.3kg/m2 (range
22-49.4), Non food addicts 33.1±8.9kg/m2
(range 19-60) (NS).
24% met diagnostic criteria for BED.
n=117 recruited
42.7% female.
Age: 8.32±2.78 years (range 4-16 years)
Parents 65.1% Caucasian.

Investigate relationships
between YFAS and
genotypes.

assessment screening test
for alcohol and drugs;
Alcohol, smoking and
substance screening test
Demographics;
Anthropometrics; Multilocus
genetic profile; PFS; Binge
eating questionnaire; DEBQ
(emotional eating); Eating
behaviors questionnaire
(snacking on sweets); FCQ

Validation study of the YFAS
for children.

75.8% female.
Age: 44.88±12.82 years (range 19-65).
BMI: 38.30±5.73kg/m2.
45.3% Caucasian, 32.6% African American,
12.6% Hispanic.
74.7% had college education.

Explore incremental validity
of YFAS in predicting binge
eating behavior beyond
other measures.

Biennial questionnaires 2001
survey included questions
about experiences of sexual
and physical abuse. 2009
survey included modified
version of the YFAS.
Investigation of food
addiction in Canadian
province and relationships
with gender and weight
status. 12h fast prior to

surgery
support group
Davis,
2013,
Canada
(237)

Cross
sectional

n=120

Recruited for
overeating/O
W study

Gearhar
dt 2013,
USA
(396)

Cross
sectional

n=75

Gearhar
dt, 2013,
USA
(191)

Cross
sectional

n=96

Children and
their parents
recruited from
a larger study
on family
eating habits
OB BED
patients
respondents
to a treatment
study.

Mason,
2013,
USA
(397)

Cross
sectional

n=57321

Female
registered
nurses
involved in
the NHS II

75% response rate
100% female
NHS II age 25-42 years.

Pedram,
2013,
Canada
(398)

Cross
sectional

n=652

Citizens of
Canadian
provinces
Newfoundlan
d and

63.7% female.
Age: 44.3±12.9 years (range 20-90).
Age female 45.1±12.9, male 42.9±12.8
(P<0.05).
BMI: 27.4±5.4kg/m2 (range 17.05-54.2).
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YFAS details
(e.g. Type and
method of
administration)

Symptom
score or
diagnosis
used?

Follow
up?
Duration
?

Retentio
n rate

YFAS. Paper
based, taken
home to
complete.

D

N/A

N/A

BMI percentile (parental
report); Child eating behavior
questionnaire.

YFAS-C. Parents
could complete
scale.

D + SS

N/A

N/A

Eating disorder examination;
BDI-II;
Difficulties in emotion
regulation scale (DERS);
Questionnaire on eating and
weight problems revised
(QWEP-R)

YFAS. No
information re
completion

D + SS

N/A

N/A

Modified YFAS.

D

N/A

N/A

YFAS. No
information re
completion.

D + SS

N/A

N/A

Sexual and physical abuse
experienced in childhood or
adolescence (2001); Food
addiction status (2009)
Anthropometrics; Body
composition; Food frequency
questionnaire (macronutrient
intake); Physical activity

Author,
year,
country

Type of
study

Number
of
participa
nts

Gearhar
dt, 2012,
USA
(190)

Cross
sectional

n=81

Kromann
, 2012,
Denmark
(399)

Case
report

N=1

Meule
2012,
2012,
Germany
(400-402)

Cross
sectional

n=617
complete
d all
surveys.
1
excluded.
Retest
complete
d by
n=197

Population
studied

Participant characteristics

Study information

Labrador

Waist hip ratio 0.9±0.08 (range 0.68-1.62).
BMI female 26.8±5.7, male 28.5±4.6
(P<0.05).
Underweight/ normal weight BMI 38.2%,
OW/ OB BMI 61.8%.
70.1% female
Age: 47.47±8.43 years (range 28-64)
BMI: 40.58±6.63kg/m2.
79.3% Caucasian
82.6% had some college education.

measurements

OB
individuals
who 'eat out
of control'
and seeking
weight
treatment
Female who
believed she
was addicted
to cola.

Students at
German
universities

Outcome measures

YFAS details
(e.g. Type and
method of
administration)

Symptom
score or
diagnosis
used?

Follow
up?
Duration
?

Retentio
n rate

Eating disorder confirmed by
interview followed by battery
of self-report questionnaires.

Anthropometrics; Eating
Disorder Examination; BDI;
Difficulties in Emotion
Regulation Scale;
Rosenberg Self Esteem
Scale.

YFAS. No
information re
completion

D + SS

N/A

N/A

40 year old female.
Heavy smoker, depression, metabolic
syndrome.
Weight: 72.9kg.
FBG: 5.9mmol/l, HDL: 1.17mmol/L,
triglycerides 0.75mmol/L.

Patient used cola to boost
energy (3L daily). Offered
cognitive therapy for
depression. Reduced cola
consumption to 200mL.

YFAS Danish
version

Points

6 months

N/A

38.2% survey completion rate
75.8% female
Age: 24.5±4.0 years.
BMI: 22.3±3.3g/m2.
89% students
95.5% German citizens.
39.1% Non-dieters, 14.6% successful
dieters, 22.7% unsuccessful dieters.
Sig greater BMI in unsuccessful dieters than
successful dieters and non-dieters
(P<0.001).

Validation of the German
version of Food Cravings
Questionnaire. Investigation
of the relationships between
food addiction and craving.

Major Depression Inventory;
Hamilton Depression Scale;
Young Mania Rating Scale;
Global Assessment of
Functioning; Waist
circumference; blood
pressure; Fasting blood
glucose; HDL; triglycerides.
BMI; FCQ; Restraint scale
subscale concern for dieting
(RS-CD); Perceived selfregulatory success in dieting
(PSRS); Flexible and rigid
control of eating behavior;
Eating disorder examination
questionnaire (EDE-Q);
Mannheimer Craving Scale
(MaCS); BIS/BAS; PANAS.

YFAS. Online
survey.

SS

N/A

N/A
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Author,
year,
country

Type of
study

Number
of
participa
nts

Population
studied

Participant characteristics

Study information

Meule,
2012,
Germany
(403)

Cross
sectional

n=96

Individuals
attending first
bariatric
surgery
consultation

65.6% female
Age: 39.92±11.51 years
BMI: 50.64±8.99 (range 34.89-73.44kg/m2).
91.7% had BMI >=40kg/m2.

Investigation of food
addiction of individuals
attending first bariatric
consultation

Davis,
2011,
Canada
(188)

Cross
sectional

n=72

Non clinical
sample of
OW/ OB
adults

68.1% female
Age: Food addicts 35.3 years, non addicts
33.0 years. BMI food addicts 37.5kg/m2,
non addicts 38.8kg/m2. % female food
addicts 72.2%, non addicts 66.7%.

Validation of YFAS in nonclinical OW/ OB individuals.

Gearhar
dt, USA,
2011
(181)

Cross
sectional

n=48.
n=9
excluded.
Ie final
sample
n=39.

Recruited
from a weight
loss and
maintenance
program

100% female
Age: 20.8±1.31 years
BMI: 28.0±3.0kg/m2 (range 23.8-39.2).

Neural responses of OB vs
normal weight individuals to
milkshake.

Gearhar
dt, 2009,
USA
(143)

Cross
sectional

n=353

Undergraduat
e students

Response rate 24.5%.
64.2% female
Age: 20.11±1.38 years.
BMI: 22.58±3.18kg/m2.
73.5% HWR, 18.7% OW, 4.7%
underweight, 2.7% OB.
72.5% Caucasian.

Initial validation study of
YFAS.

Outcome measures

YFAS details
(e.g. Type and
method of
administration)

Symptom
score or
diagnosis
used?

Follow
up?
Duration
?

Retentio
n rate

German YFAS.
Completed on day
of bariatric
consultation

D + SS

N/A

N/A

Eating Disorder
Examination; BDI; Wender
Utah rating scale for ADHD
symptoms; BIS; Delay of
gratification task; Eyesnck
personality questionnaire
revised; PFS; DEBQ
(emotional and external
eating); FCQ-T;
Demographics
Anthropometrics; fMRI

YFAS. Completed
at home

D + SS

N/A

N/A

YFAS. No
information re
completion

SS

N/A

N/A

BES; BIS/BAS; Eating
Troubles Module; Emotional
eating scale; Rutgers alcohol
problem index; Daily drinking
questionnaire.

YFAS. Part of
larger health
behaviors online
survey.

D + SS

N/A

N/A

BDI= Beck Depression Inventory, BED= binge eating disorder, BIS/BAS= Behavioral Inhibition and Behavioral Activation Scale, BN= bulimia nervosa, D= Diagnosis,
DEBQ= Dutch Eating Behavior Questionnaire, FCQ= Food Craving Questionnaire, HW= Healthy Weight, N/A= Non-applicable, NHS=Nurses Health Study, OB= Obese,
OW= Overweight, PEMS= Palatable Eating Motives Scale, PFS= Power of Food Scale, RYGB= Roux-en-Y gastric bypass surgery, SS= symptom score

276

Supplementary table 6: Quality assessment of the studies reviewed studies.
Author, year

Was a
random
or
pseudo
random
sample
used?

Was
the
inclusi
on
criteria
clearly
define
d?

Were
confoundi
ng factors
identified
and
control
strategies
stated?

Were
outcomes
assessed
using
objective
criteria

Was
there
sufficien
t
descripti
on of the
groups?

Was follow
up carried
out over a
sufficient
time
period?

Were the
outcomes of
people who
withdrew
described
and included
in analysis?

Were
outcome
s
measure
d in a
reliable
way?

Was
appropri
ate
statistic
al
analysis
used?

Quality
score

UC

N

UC

Y

UC

N/A

UC

Y

Y

1

Y

Y

Y

Y

Y

N/A

UC

Y

Y

6

Davis 2014 (385)

N

Y

Y

Y

Y

Y

UC

Y

Y

6

Flint, 2014 (386)

Y

Y

Y

Y

Y

N/A

Y

Y

Y

8

Y

Y

Y

Y

Y

N/A

UC

Y

Y

6

N

Y

Y

Y

UC

N/A

UC

Y

Y

3

Lent, 2014(389)

N

N

Y

Y

Y

N/A

Y

Y

Y

6

Meule, 2014 (195)

Y

Y

UC

Y

Y

N/A

Y

Y

Y

6

Meule, 2014 (391)

Y

Y

Y

Y

N

N/A

UC

Y

Y

5

Murphy 2014 (393)

Y

N

Y

Y

N/A

N/A

UC

Y

Y

4

Pepino 2014 (394)

N

Y

UC

Y

Y

Y

N

Y

Y

5

Burmeister, 2013
(395)

Y

Y

UC

Y

N/A

Y

Y

Y

Y

6

Clark, 2013 (344)

UC

N

UC

Y

N/A

N/A

Y

Y

Y

2

Davis, 2013 (237)

Y

Y

Y

Y

Y

N/A

UC

Y

Y

6

Eichen, 2013 (390)

N

UC

Y

Y

Y

N/A

UC

Y

Y

3

Gearhardt 2013
(396)

Y

N

Y

Y

N/A

N/A

N

Y

Y

5

Gearhardt, 2013
(191)

Y

Y

UC

Y

Y

N/A

N

Y

Y

5

Mason, 2013 (397)

Y

N

Y

Y

Y

N/A

UC

Y

Y

5

Pedram, 2013 (398)

Y

Y

Y

Y

Y

N/A

UC

Y

Y

6

Gearhardt, 2012
(190)

Y

N

UC

Y

Y

N/A

UC

Y

Y

3

Meule, 2012 (403)

N

N

UC

Y

N/A

N/A

UC

Y

Y

1

Meule, 2012 (392)

Y

Y

UC

Y

Y

N/A

UC

Y

Y

4

Meule, 2012 (400)

Y

N

UC

Y

Y

N/A

N

Y

Y

4

Meule, 2012 (401)

Y

N

Y

Y

Y

N/A

N

Y

Y

6

Y

Y

UC

Y

Y

N/A

UC

Y

UC

2

UC

Y

Y

Y

N

N/A

N

Y

Y

4

Y

N

UC

Y

N/A

N/A

N

Y

Y

3

Brunault, 2014
(383)
Burgess, 2014
(384)

Gearhardt, 2014
(387)
Imperatori, 2014
(388)

Davis, 2011,
Canada (188)
Gearhardt, USA,
2011 (181)
Gearhardt, 2009,
USA (143)

Y=yes, N=no, UC= Unclear, N/A= not applicable
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Supplementary table 7: Results of included studies using the Yale Food Addiction Scale to assess food addiction.
Author,
year,
country
Brunault
, 2014,
France
(383)
Burgess,
2014,
USA
(384)
Davis
2014,
Canada
(385)
Flint,
2014,
USA
(386)

Prevalence of
FA by
diagnosis

YFAS symptoms

YFAS outcomes in association with other variables

Conclusions

Limitations

FA diagnosis:
8.7%

Median symptoms: 1, mean YFAS
symptoms: 1.9±1.4 (95% CI 1.82.0).

DIAGNOSIS: Diagnosis of food addiction associated with higher binge
eating scores using BITE and BES (P<0.001). SYMPTOM SCORE: YFAS
symptom score was significantly correlated with the binge eating scores
using BITE (p=0.59, P<0.001), and BES (p=0.58 P<0.001).

French version of the YFAs is a
psychosometrically sound tool to
assess food addiction.

No sex reported

SYMPTOM SCORE: Sig associations between YFAS and all subscales of
the PEMS (P<0.001).

Provided preliminary validation of the
PEMS. PEMS accounted for unique
variability in predicting BMI.

Little detail regarding FA

DIAGNOSIS: Food addiction group reported higher food cravings and
appetite ratings (P<0.0001). Methylphenidate compared to placebo
reduced snack food intake in the non-food addiction group (P<0.0001) but
did not significantly change the snack food consumption of food addicts.

Methylphenidate did not change the
snack food consumption or appear to
reduce the appetite of food addicts.

Small sample, limited
range of snack foods

FA diagnosis
whole sample
5.8%. FA
diagnosis NHS
II 8.4% NHS
2.7%.

Most common symptoms:
NHS: Consumption despite
significant problems 15.6%; Eating
same amount of food does not
produce same feelings 18.4%.
NHS II: Consumption despite
significant problems 22.3%; Cutting
down foods 22.9%; Consume foods
despite not being hungry 17.8%

Women with FA more likely to be OW. Reduction in FA prevalence with
increasing age (45-61 years: 7.4-9.4%, 62-70 years: 2-3%). Increasing
prevalence of FA with higher BMI (BMI <25kg/m2: 0.4-2.8%: BMI 2530kg/m2: 1.6-8.4%, >30kg/m2: 6.1-24.7%). Proportion of FA diagnosis
higher in white women. FA less common in more physically active women.
FA positively associated with hypercholesterolaemia, former smoking and
depression. Modified YFAS had similar internal consistency, convergent
validity as the original YFAS.

FA prevalence as assessed by the
modified YFAS ranged from 1-9% in
middle aged and older women. FA was
negatively associated with age and
positively associated with BMI

No measures of eating
disorders, female only,
limited generalizability

Gearhar
dt, 2014,
USA
(387)

FA diagnosis
whole sample:
25.7% FA
diagnosis BN
83.6%, FA
diagnosis BED
47.2%

Mean symptoms: 3.05±2.0

DIAGNOSIS: FA associated with higher current BMI, higher lifetime BMI,
earlier age of first dieting, current dieting, and weight cycling (P<0.001).
Food addiction significantly associated with all disordered eating variables
including binge eating behaviors (P<0.001). Higher prevalence of FA
diagnosis in BN than BED (P<0.001). FA alone had a higher BMI than all
other groups (P<0.001). BED + FA and BN + FA reported more dieting
than FA or BED/BN alone (P<0.001). BN + FA had highest subjective
binge episodes compared to other groups followed by BED + FA
(P<0.001). Sig higher restraint in FA (P<0.001).

FA prevalence higher in BN than BED
and associated with BMI and eating
pathology.

Self-reported measures
used to identify eating
disorders, predominantly
female, higher rates of
eating disorders than
expected

FA diagnosis:
16.9%
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Author,
year,
country
Imperato
ri, 2014,
Italy
(388)

Prevalence of
FA by
diagnosis

YFAS symptoms

YFAS outcomes in association with other variables

Conclusions

Limitations

FA diagnosis:
33.9%.

Mean symptoms 2.68±1.89

FA associated with binge eating
severity and psychopathology.
Relationship of FA and
psychopathology completely mediated
by BES.

Small sample size, selfreported measures.

Lent,
2014,
USA.
Eichen,
USA,
2013.
(389,
390)
Meule,
2014,
German
y (195)

Baseline FA
diagnosis:
15.2%.

Mean symptoms: 2.57±1.67.
45% reported ≥3 symptoms.
Most common symptoms: Inability
to cut down or stop eating (96.1%);
continued use despite
consequences (44.4%); tolerance
(36%).

15% of OW and OB individuals were
found to meet the criteria for FA.
Baseline FA status did not predict
weight loss success or attrition.

Only assess eating
behaviors in previous
month, predominantly
female, short term
weight loss, limited
generalizability.

FA diagnosis:
100% current
BN, 30%
remitted BN,
0% control
group
(P<0.001).

Mean symptoms: current BN
6.27±1.04, remitted BN 3.95±1.79,
control 0.86±0.90 (P<0.001). Most
common symptoms: persistent
desire or unsuccessful attempts to
cut down, giving up activities and
withdrawal symptoms.

BN symptomology strongly associated
with addictive eating as measured by
the YFAS and attenuates the positive
relationship between FA and BMI.

Female only, selfreport, bulimia not
assessed using
diagnostic interviews

Meule,
2014,
2012,
German
y (391,
392)

Low FA group
60%, High FA
group 40%.

Mean symptoms: Low FA group:
0.83±0.38 (range 0-1), High FA
group: 2.65±0.75 (range 2-4).

FA symptoms related to accelerated
responses to high calorie food cues,
BMI and heightened self-reported
attentional impulsivity. Response time
was slower to foods than neutral cues,
reduced inhibitory control when shown
food images which was predictive of
food craving.

Small sample size,
female only, used high
and low FA not
diagnostic criteria, did
not exclude moderate
scores

Murphy
2014,
USA

FA diagnosis:
24%.

Mean symptoms: 1.80±1.39.

28.9% food addicts met criteria for BED compared to 4.1% of non-food
addicts. YFAS had strong positive correlation with BES (r=0.78,
P=0.0045), and moderate positive correlations with all the
psychopathology criteria (P=0.0045) except phobic anxiety. More severe
FA was associated with more severe psychopathology when mediated by
BES (P<0.001).
DIAGNOSIS: Food addicts had higher BDI scores (P<0.001). No effect of
FA status on weight loss when controlling for treatment, gender and
baseline weight.
SYMPTOM SCORE: Higher number of symptoms reported by females
(P=0.04) and African Americans (P=0.002). Negative correlation between
age and number of symptoms (r=-0.284 P<0.001). Positive relationship
between symptom count and BDI scores (r=0.48, P<0.001). YFAS
symptom score did not account for unique variance in weight change. FA
status and symptom count not associated with attrition.
DIAGNOSIS: Food addiction group had fewer years of education (P=0.02)
and a lower BMI (P=0.08) than the no FA group. Food addiction group had
higher eating disorder psychopathology (P<0.001). Food addicted had
higher depression scores (P<0.001) and binge eating behavior (P<0.001).
SYMPTOM SCORE: YFAS symptom score positively correlated with all
measures of eating disorder psychopathology (total r=0.82, P<0.001) and
negatively correlated with BMI (r=-0.19, P=0.05). Higher number FA
symptoms related to depression (r=0.60, P<0.001) and binge eating
behaviors (r=0.65, P<0.001).
HIGH VS LOW FA: High FA group were younger (P<0.05) and had higher
levels of self-reported attentional impulsivity (P<0.05). High FA had faster
reaction times to food images compared to neutral cues (P<0.01) in XY
task.
SYMPTOM SCORE: FA symptoms positively correlated with BMI (r=0.42,
P<0.01), self-reported impulsivity (r=0.344, P<0.05) and depressive
symptoms (r=0.29, P<0.05). FA symptoms not correlated with task
performance or the FCQ-S. FA symptoms did not differ between dieters
and non-dieters.
SYMPTOM SCORE: BMI and FA positively correlated (r=0.18, P<0.01).
Impulsivity measures including negative urgency (P<0.01) and
perseverance (P<0.05) significant predictors of number of symptoms

FA symptoms associated with BMI and
impulsivity.

Few people met criteria
for FA, predominantly
female, limited
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Author,
year,
country
(393)

Prevalence of
FA by
diagnosis

Pepino
2014,
USA
(394)

FA diagnosis
pre surgery:
32%
FA diagnosis
post-surgery:
2%. p<0.05
93% changed
FA diagnosis
FA diagnosis:
19.6%. FA
diagnosis males
19.3%, female
14.0%.

Burmeis
ter,
2013,
USA
(395)

YFAS symptoms

YFAS outcomes in association with other variables

Conclusions

endorsed.

Clark,
USA,
2013
(344)

FA diagnosis
53.7% pre
surgery.

Davis,
2013,
Canada
(237)

FA diagnosis
17.5%. FA
diagnosis
females 13.3%,
males 4.2%

Food addicts had more symptoms
pre weight loss compared to nonfood addicts (5.0±1.0, 2.0±0.5
respectively, P<0.0001). Surgery
reduced mean number of
symptoms (P<0.0001).

Limitations

respresentativeness

Food addicts greater cravings than non addicts pre surgery. Food addicts
had greater reductions in cravings post-surgery than non-food addicts
(P<0.05). Food addicts had greater craving of fast foods and starchy foods
pre surgery (P<0.05) and greater cravings of starchy foods after surgery
(P=0.009). Surgical weight loss reduced emotional and external eating in
all subjects, restrained eating behavior decreased in food addicts only
(P<0.05 Cohen’s d ≥0.80).

Weight loss following bariatric surgery
is an effective treatment for food
addiction and abnormal eating
behaviors associated with food
addiction.

Did not assess BED,
dietary counselling may
influence eating
behaviors, limited
generalizability

SYMPTOM SCORES: Greater FA scores more likely to have
psychological distress and depression (r=0.50, P<0.01). Higher FA scores
positively related to binge eating behaviors, emotional eating, difficulty
controlling eating, weight bias internalisation, fear of fat and body shame
(P<0.01). High YFAS scores negatively related to percent weight loss at
week 7 (r=-0.24, P=0.04).

Number of FA symptoms related to
negative attitudes about being OW/ OB.
Number of FA symptoms endorsed was
negatively correlated with weight loss.

Small sample size,
predominantly femalelimited generalizability,
short follow up

DIAGNOSIS: Sig relationship between YFAS diagnosis and emotional
eating, binge eating and symptoms of eating disorders (P<0.05). Food
addicts had a non-significant poorer weight loss (27% vs 32%).
SYMPTOM SCORE: Sig relationship between YFAS symptoms and
emotional eating and binge eating scale (P<0.05). When controlling for
eating disorders and emotional eating, YFAS explained 6% (P=0.014) of
variance in binge eating scores.
DIAGNOSIS: Food addicts had higher MLGP scores than non-food addicts
(P=0.023). Higher hedonic eating, binge eating, emotional eating, food
craving and sweet snacking scores in food addicts compared to non-food
addicts (P<0.0001).

YFAS contributed unique variability in
predicting binge eating.

Small sample

Food addicts had higher MLGP scores,
food craving, binge eating, emotional
eating compared to non-addicted.

Few individuals met FA
diagnostic criteria.
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Author,
year,
country
Gearhar
dt 2013,
USA
(396)

Prevalence of
FA by
diagnosis

YFAS symptoms

FA diagnosis:
7.2%

Gearhar
dt, 2013,
USA
(191)

FA Diagnosis:
41.5%.

Median number symptoms 2±1.81.
≥3 symptoms reported by 38.6%.
Given up activities 38.7%; loss of
control 29.3%; tolerance 24.7%;
inability to cut down 65.3%;
withdrawal 18.9%; large amount of
time spent 25.7%; clinically sig
impairment or distress 9.6%
Mean symptoms: 4.33±1.81.
Consumed more than planned
58.9%; unable to cut down 100%;
much time spent 67.4%; activities
given up 38.9%; use despite
consequences 60.6%; tolerance
61.7%;
withdrawal 44.2%
impairment or distress 42.6%

Mason,
2013,
USA
(397)

FA diagnosis:
8.2%

Pedram,
2013,
Canada
(398)

FA diagnosis:
5.4%. FA
diagnosis
female 6.7%,
male 3.0%. FA
diagnosis in
BMI UW/ HW:
1.6%, OW/ OB
7.7%. FA
diagnosis

Symptoms endorsed by ≥70% of
participants with FA except
tolerance and withdrawal.

YFAS outcomes in association with other variables

Conclusions

Limitations

Preliminary evidence that the YFAS-C
is a valid and reliable tool to
operationalise FA in children

Children’s dietary
preferences often
dictated by parents.

DIAGNOSIS: FA diagnosis sig associated with earlier age of being OW
(P=0.014).
SYMPTOM SCORE: YFAS positively correlated with negative affect and
emotional dysregulation, and negatively correlated with self-esteem
(P=0.01). YFAS scores positively correlated with frequency of binge
eating, eating concern, and weight concern (P<0.05). YFAS scores
associated with earlier age of being OW (r2=-0.24, P=0.015), age of dieting
onset (r2=-0.21, P=0.037). YFAS sig accounted for 11% of unique variance
in BED (P<0.001).

FA rates not different in different ethnic
groups. FA may represent a more
severe presentation of BED

Limited generalizability,
retrospective selfreported measures

DIAGNOSIS: Greater BMI in women meeting FA criteria (≥2/3 food
addicts classified as obese compared to ¼ non-food addicts). Risk ratios
for FA increased with severity of physical abuse up to RR 1.92 (CI 1.762.09). Risk ratios for FA increased with severity of sexual abuse up to RR
1.87 (CI 1.69-2.05). Sexual and physical abuse combined increased risk
for FA up to RR 2.40 (CI 2.16-2.67). Longer duration of abuse conferred
greater FA risk.

Dose response associations between
physical and sexual abuse and
likelihood of FA.

Unable to determine
time course of FA and
abuse. Female only,
predominantly whitelimits generalizability.

DIAGNOSIS: Risk of FA higher in females than males (RR=2.28,
P=0.046). OW/ OB women had higher risk of FA compared to OW/OB
men (RR=3.50, P=0.002). Proportion of FA significantly increased with
increasing adiposity (UW/HW RR=0.21, P<0.001, OW/OB RR= 0.42,
P=0.03). Food addicts had higher BMI (difference +4.6kg/m2, P<0.001),
weight (difference +11.7kg, P<0.001), body fat (difference +8.2%,
P<0.001), trunk fat (difference +8.5%, P<0.001). Food addicts reported
greater intake of fat (difference +2.3%, P=0.04) and protein (difference
+1.1%, P=0.04).
SYMPTOM SCORE: FA symptoms correlated with BMI (r=0.36, P<0.001),

Prevalence of FA in the Canadian
province was 5.4%. Females at greater
risk of FA and FA related to obesity.

Predominantly female
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Author,
year,
country

Prevalence of
FA by
diagnosis

YFAS symptoms

percent body fat
UW/ HW 2.9%,
OW/ OB 6.8%.
Gearhar
dt, 2012,
USA
(190)

FA diagnosis
56.8%.

Kroman
n, 2012,
Denmark
(399)

Meule
2012,
2012,
German
y (400402)

FA diagnosis:
7.8%

YFAS outcomes in association with other variables

Conclusions

Limitations

weight (r=0.35, P<0.001), waist hip ratio (r=0.15, P<0.001), percent body
fat (r=0.31, P<0.001), and trunk fat (r=0.32, P<0.001).
Mean symptoms 4.56±1.9.
57.1% who did not meet food
addiction criteria endorsed ≥3
symptoms. Consumed more than
planned 57.3%; unable to cut down
or stop 1.2%; great deal of time
spent 32.9%; important activities
given up 53.7%; use despite
consequences 24.7%; tolerance
43.2%; withdrawal 45.1%;
impairment or distress 38.3%.

Food addiction related to mood disorder diagnoses (P=0.01) specifically
major depressive disorder (P=0.06). YFAS symptoms positively correlated
with BDI, and negatively correlated with self-esteem (P<0.01). YFAS
positively correlated with restraint and frequency of binge eating, (P<0.01),
and eating disorder psychopathology (P<0.05). YFAS scores accounted
for 6.3% unique variance in binge eating scores (P=0.28).

BED classified as food addicts appear
associated with mood disorders, lower
self-esteem and eating disorder
psychopathology in patients with BED.

Non control group,
predominantly female.

Scored 40 points on the YFAS at
baseline. Following reduction in
cola intake YFAS score was 0.

Patient fulfilled all DSM criteria for substance addiction with respect to
cola. Abstinence from cola caused obsession and craving for cola.
Reduction in cola consumption increased concentration, feelings of
wellness, reduction in psychopharmacological medication. Reduction in
weight, and no longer fulfilled criteria for metabolic syndrome following
reduction in cola consumption.

Overconsumption of caffeinated drink
may have caused or accentuated
mental health problems.

Singular case study, not
generalizable

DIAGNOSIS: Food addicts had higher total FCQ-T total and FCQ
subscales scores score (P<0.001) except for positive reinforcement.
SYMPTOM SCORE: Positive reinforcement negatively predicted FA
symptoms (P<0.001). Negative relationship between FA symptoms and
anticipation of positive reinforcement in low FA scores (beta=-0.32,
P<0.001), but was weak for those with high food cravings (beta=-0.12,
P<0.01). FA symptoms positively correlated with FCQ-T scores (r=0.50,
P<0.001).

German FCQ is a reliable and valid
measure of food cravings. Individuals
with high food cravings and low
anticipation of positive reinforcement
displayed most FA symptoms.

Predominantly female,
HW non clinical samplelimits generalizability
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Author,
year,
country
Meule,
2012,
German
y (403)

Prevalence of
FA by
diagnosis

YFAS symptoms

YFAS outcomes in association with other variables

Conclusions

Limitations

FA diagnosis
41.7%.

Mean symptoms 3.42±1.74.
Persistent desire 94.8%; continual
eating despite problems 75%;
tolerance 54.2%; clinically sig
impairment or distress 47.9%;
consume larger amounts over
longer period than intended 31.3%;
spending much time obtaining or
recovering 30.2%; giving up
activities 29.2%; withdrawal 27.1%

Items related to persistent desire or repeated unsuccessful attempts to cut
down do not differentiate well between food addicts and non addicts.
Questions regarding continual consumption and activities given up
endorsed by greater number of respondents in BED current study than
non-clinical samples in other studies. 75% respondents- much higher than
non-clinical samples.

Factor structure of the YFAS could be
confirmed in a sample of OB individuals
seeking bariatric surgery. Some items
have poor item based on population
studied

No assessment of
mental disorders, small
sample size

Davis,
2011,
Canada
(188)

FA diagnosis
25%. FA
diagnosis
female 18.1%,
male 6.9%.

DIAGNOSIS: FA associated with higher BED (P<0.0001) and depression
(P=0.018). Food addicts displayed greater impulsivity (P<0.0001),
addictive traits (P=0.003) and delay of discounting (P=0.035). Food
addicts reported greater binge eating traits, hedonic eating, emotional
eating, food cravings, and snacking on sweets (P<0.0001).
SYMPTOM SCORE: Addictive traits, hedonic eating, snacking on sweets
and binge eating scores accounted for 56% variance in YFAS symptom
scores.

Strong relationships between food and
substance abuse in OB. Validation of
the YFAS’s ability to identify individuals
with addictive like eating behaviors.

Limited number of food
addicts. Limited power.
Small sample size
precluded gender
analysis

Gearhar
dt, USA,
2011
(181)

High FA 38.5%,
Low FA 28.2%.
Only n=2
(5.1%) reported
clinical
impairment.

Mean symptom score for High FA
3.60±0.63, All Low FA only had 1
symptom.

HIGH VS LOW FA: High FA had greater brain activation than Low FA in
the dorsolateral prefrontal cortex (P<0.007), caudate (P<0.004).
SYMPTOM SCORE: YFAS correlated with emotional eating (P<0.03), and
external eating (P<0.02). Positive correlations YFAS scores and brain
activity in the anterior cingulate cortex (P<0.001), medial orbitofrontal
cortex (P<0.004) and amygdala (P<0.007).

FA scores are associated with
activation of reward regions of the
brain. Compulsive food consumption
may be driven by the reward
anticipation.

Few reported clinical
impairment- symptom
count used not
diagnosis, small sample
size.

Gearhar
dt, 2009,
USA
(143)

FA diagnosis:
11.4%

Median symptoms= 1.

DIAGNOSIS: A diagnosis accounted for 5.8% unique variance in binge
eating scores.
SYMPTOM SCORE: YFAS symptom count accounted for 14.8% unique
variance in binge eating

YFAS is a psychometrically sound tool
to assess FA

Limited response rate,
limited
representativeness.
Self-reported
anthropometrics

BDI= Beck Depression Inventory, FA= Food addiction, Healthy weight= HW, Overweight= OW, Obese= OB, Underweight= UW, RR= relative risk, Sig = significant
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Supplementary table 8: Mean daily nutrient intake and odds ratios for the YFAS assessed food
addicted group (n=68) according to weight status. Data are presented as mean (standard
deviation).
Nutrients
Total energy (kcal)
Total energy (kJ)
Percentage energy from food groups (%)
Vegetables (%)
Fruit (%)
Meat (%)
Grains (%)
Dairy (%)
Sweet drink (%)
Savory packaged snacks (%)
Candy (%)
Baked sweet products (%)
Take-out (%)
Breakfast cereal (%)
Nutrient intake
Protein (%)
Carbohydrate (%)
Fat (%)
Saturated fat (%)
Polyunsaturated fat (%)
Monounsaturated fat (%)
Alcohol (%)
Cholesterol (mg)
Sugars (g)
Fiber (g)
Thiamin (mg)
Riboflavin (mg)
Niacin equivalent (mg)
Vitamin C (mg)
Folate (μg)
Vitamin A (μg)
Sodium (mg)
Potassium (mg)
Magnesium (mg)
Calcium (mg)
Phosphorus (mg)
Iron (mg)
Zinc (mg)
Percentage energy from broad food categories (%)
Core foods (%)
Energy-dense, nutrient poor foods (%)
Diet quality
ARFS (score out of 73)

UW/NW (n=37)
1888 (450)
7901 (1883)

OW/OB (n=31)
2126 (731)
8897 (3058)

.10
.10

9.7 (4.1)
11.1 (9.2)
15.2 (10.2)
15.2 (7.7)
11.0 (6.6)
1.1 (3.5)
2.1 (2.7)
8.1 (7.6)
5.7 (6.2)
6.6 (6.1)
4.6 (3.8)

6.4 (3.4)
5.7 (5.5)
15.6 (7.4)
15.6 (8.0)
8.7 (6.0)
2.9 (3.1)
4.5 (3.9)
10.0 (8.8)
5.6 (5.3)
13.5 (10.6)
3.5 (4.5)

<.001*
.006
.85
.83
.15
.03
.003
.35
.96
.001*
.29

19.6 (4.6)
44.2 (8.2)
34.8 (5.5)
13.6 (3.1)
4.9 (1.4)
13.2 (2.7)
1.4 (2.1)
285.6 (136.1)
112.9 (41.7)
26.0 (7.5)
1.3 (.4)
2.0 (.6)
39.2 (12.3)
169.5 (73.3)
296.3 (79.3)
1139.3 (404.8)
1772.3 (655.5)
3393.9 (768.0)
386.7 (89.7)
1105.8 (391.0)
1508.7 (391.0)
11.9 (2.9)
11.7 (3.7)

19.3 (2.9)
44.1 (4.6)
35.9 (4.6)
15.3 (2.9)
4.2 (1.1)
13.3 (1.8)
1.5 (2.6)
296.4 (113.5)
111.5 (50.3)
23.6 (8.2)
1.5 (.6)
2.0 (.9)
42.5 (13.3)
129.9 (62.0)
275.4 (100.5)
1064.7 (419.3)
2297.5 (918.6)
3254.8 (1058.2)
362.3 (116.2)
1044.8 (478.5)
1583.9 (582.3)
12.5 (3.8)
12.8 (4.2)

.73
.93
.40
.02
.03
.93
.80
.73
.90
.20
.05
.97
.29
.02
.34
.46
.008
.53
.33
.56
.53
.45
.24

68.3 (16.0)
31.7 (16.0)

55.1 (14.1)
44.9 (14.1)

<.001*
<.001*

35.0 (9.3)

29.8 (9.2)

.02

p

ARFS= Australian Recommended Food Score, UW/NW= underweight/normal weight, OW/OB=
overweight/obese. *= significant at p<.00125.
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Supplementary table 9: Cross checking of nutritional composition between original Food-pics
database and the Australian Foodworks database
Nutrient
Energy-dense “junk foods”
Energy (kj)/100g
Energy (kcal)/ 100g
Protein g/100g
Protein kj/100g
Fat g/100g
Fat kj/100g
Carbohydrate g/100g
Carbohydrate kJ/100g
Fruit and vegetable “healthy foods”
Energy (kj)/100g
Energy (kcal)/ 100g
Protein g/100g
Protein kj/100g
Fat g/100g
Fat kj/100g
Carbohydrate g/100g
Carbohydrate kJ/100g

Original database mean

Foodworks mean

P between databases

1457.3±563.8
348.3±134.8
6.5±3.8
110.5±64.6
16.6±10.7
614.2±395.9
41.7±19.9
667.2±318.4

1440.6±552.1
344.3±132.0
7.3±3.7
124.1±62.9
16.6±9.9
614.2±366.3
40.3±20.0
644.8±320.0

.86

152.5±88.1
36.5±21.1
.67±.91
11.4±15.5
.03±.16
1.1±5.9
6.3±5.4
100.8±86.4

156.1±79.5
37.3±19.0
1.3±.99
22.1±16.8
.19±.12
7.0±4.4
6.2±5.1
99.2±81.6

.82
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.17
.99
.68

<.001
<.001
.93

Supplementary figures

Supplementary figure 1a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x19, y59, z54) consisting of the premotor cortex.
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Group 1: r = 0.48, p=0.18. Group 2: r =0.29, p=0.3
Supplementary figure 1b: Relationship between BOLD response in the cluster (x19, y59, z54) and
symptom scores in the fasted session in response to healthy foods, according to food addiction
status.
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Group 1: r =-0.12, p=0.42. Group 2: r =0.97, p=<0.001*
Supplementary figure 1c: Relationship between BOLD response in the cluster (x19, y59, z54) and
symptom scores in the fed session in response to healthy foods, according to food addiction
status.
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Supplementary figure 2a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x19, y59, z54) consisting of the premotor cortex.
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Group 1: r =-0.78, p=0.04 *. Group 2: r =-0.23, p=0.34
Supplementary figure 2b: Relationship between BOLD response in the cluster (x19, y59, z54) and
symptom scores in the fasted session in response to junk foods, according to food addiction
status.
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Supplementary figure 2c: Relationship between BOLD response in the cluster (x19, y59, z54) and
symptom scores in the fasted session in response to junk foods, according to food addiction
status.
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Supplementary figure 3a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x24, y32, z58) consisting of the supramarginal gyrus and somatosensory association
cortex.

0

.2

Beta
.4

.6

.8

Fasted session healthy foods x24,y32,z58

0

2

4
Symptom score

Food addicted
Fitted values

2

6

8

Not food addicted
Fitted values

2

Group 1: r =0.26, p=0.32. Group 2: r =0.31, p=0.29
Supplementary figure 3b: Relationship between BOLD response in the cluster (x24, y32, z58) and
symptom scores in the fasted session in response to healthy foods, according to food addiction
status.
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Supplementary figure 3c: Relationship between BOLD response in the cluster (x24, y32, z58) and
symptom scores in the fed session in response to healthy foods, according to food addiction
status.
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Supplementary figure 4a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x24, y32, z58) consisting of the supramarginal gyrus and somatosensory association
cortex.
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Supplementary figure 4b: Relationship between BOLD response in the cluster (x24, y32, z58) and
symptom scores in the fasted session in response to junk foods, according to food addiction
status.
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Supplementary figure 4c: Relationship between BOLD response in the cluster (x24, y32, z58) and
symptom scores in the fed session in response to junk foods, according to food addiction status.
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Supplementary figure 5a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x23, y45, z50) consisting of the supramarginal gyrus
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Fasted session: R=-0.89, p=0.007*. Fed session: R-0.43, p=0.21.
Supplementary figure 5b: Relationship between BOLD response in the cluster (x23, y45, z50) and
symptom scores in the food addicted group in response to healthy foods, according to session.
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Supplementary figure 5c: Relationship between BOLD response in the cluster (x23, y45, z50) and
symptom scores in the not food addicted group in response to healthy foods, according to
session.
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Supplementary figure 6a:Brain activation map in the axial plane corresponding to the cluster
coordinates (x43, y30, z63) consisting of the somatosensory association cortex.
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Supplementary figure 6b: Relationship between BOLD response in the cluster (x43, y30, z63) and
symptom scores in the food addicted group in response to healthy foods, according to session.
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Supplementary figure 6c: Relationship between BOLD response in the cluster (x43, y30, z63) and
symptom scores in the not food addicted group in response to healthy foods, according to
session.
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Supplementary figure 7a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x51, y87, z36) consisting of the anterior prefrontal cortex.

-.2

-.1

Beta

0

.1

Food addicted healthy foods x51, y87, z36

3

4

5
Symptom score
Fasted session
Fitted values

6

7

Fed session
Fitted values

Fasted session: R=-0.46, p=0.19. Fed session: R=-0.25, p=0.33.
Supplementary figure 7b: Relationship between BOLD response in the cluster (x51, y87, z36) and
symptom scores in the food addicted group in response to healthy foods, according to session.
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Supplementary figure 7c: Relationship between BOLD response in the cluster (x51, y87, z36) and
symptom scores in the not food addicted group in response to healthy foods, according to
session.
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Supplementary figure 8a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x38, y28, z51) consisting of the posterior cingulate cortex, somatosensory association
cortex
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Supplementary figure 8b: Relationship between BOLD response in the cluster (x38, y28, z51) and
symptom scores in the food addicted group in response to junk foods, according to session.
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Supplementary figure 8c: Relationship between BOLD response in the cluster (x38, y28, z51) and
symptom scores in the not food addicted group in response to junk foods, according to session.
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Supplementary figure 9a: Brain activation map in the axial plane corresponding to the cluster
coordinates (x37, y27, z59) consisting of the somatosensory association cortex
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Supplementary figure 9b: Relationship between BOLD response in the cluster (x37, y27, z59) and
symptom scores in the food addicted group in response to junk foods, according to session.
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Supplementary figure 9c: Relationship between BOLD response in the cluster (x37, y27, z59) and
symptom scores in the not food addicted group in response to junk foods, according to session.
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Appendix 1: Ethics approval
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Appendix 2: Cross sectional survey recruitment flyer

Dr Tracy Burrows
School of Health Sciences
Faculty of Health
The University of Newcastle
Callaghan NSW 2308
49215514 (PH)
49213599 (FAX)

Are you Addicted to Food?
Details:
•
We are interested in finding out about food addiction in young Australian adults.
•
This is an important study to help us to better understand food addiction, how
common it is, and identify specific foods that it may be associated with.
Who can volunteer?
•
We are looking for males and females aged 18-35 years currently living in Australia to
complete an online survey.
•
Additionally, we are looking for volunteers to attend an optional session at the
University of Newcastle where we will collect some body measurements.
•
Pregnant women are ineligible to participate in the research.
How can I participate?
•
If you think you are eligible and are willing to participate in the questionnaire, please
go to https://www.surveymonkey.com/s/9ZT7QH9
How do I find out more information?
•
Interested participants can contact Kirrilly Pursey on 4921 5690 or
Kirrilly.Pursey@uon.edu.au for further information and to find out if you are eligible to
participate.
Complaints about this research
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Food Addiction Survey
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This project has been approved by the University’s Human Research Ethics Committee, Approval No. H-2012-0419 Should you have concerns about your rights
as a participant in this research, or you have a complaint about the manner in which the research is conducted, it may be given to the researcher, or, if an
independent person is preferred, to the Human Research Ethics Officer, Research Office, The Chancellery, The University of Newcastle, University Drive,
Callaghan NSW 2308, Australia, telephone (02) 49216333, email Human-Ethics@newcastle.edu.au.

Appendix 3: Information statement and example
questions from the cross-sectional survey
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Appendix 4: Consent form for the online
anthropometrics validation study
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Appendix 5: Data collection sheet for the online
anthropometrics validation study
Data Collection Sheet
Date:

Time:

Name:

ID:

Year of birth:
Clothing:
SELF REPORTED MEASURES

DATA

Height (cm)
Current weight
Weight 6 months ago
Weight 1 year ago
Weight 2 years ago

MEASUREMENTS

DATA

ASSESSOR

Height (cm)
Weight (kg)
BMI (kg/m2)
Fat mass
Fat free mass

Checklist
All measurements completed
Body composition sheet attached
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Appendix 6: Information statement and example
questions from the YFAS stability survey
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Appendix 7: Information statement for the functional
MRI study

Information Statement for the Research Project:
An Investigation into Food Addiction in Young Australian Adults
Document Version 1.3 dated 25.06.15
Thank you for your participation in the online Australian Food Addiction Survey and your interest in
completing the brain imaging component of the study. You are invited to participate in the research
project identified above which is being conducted by Dr Tracy Burrows, A/Prof Peter Stanwell, Prof
Clare Collins and Miss Kirrilly Pursey from the School of Health Sciences at the University of Newcastle.
Why is the research being done?
Food addiction is an emerging area of research. We are interested in finding out more about food
addiction in young Australian adults. This project is designed to investigate brain responses to food
pictures in people from differing backgrounds. This is an important study to help us to better
understand food addiction and to determine whether brain responses to food could be contributing to
addictive-like eating behaviours. Additionally, this study will help to identify specific foods that may be
associated with food addiction and has the potential to inform future weight treatments.
The research project is being undertaken as part of PhD candidate Kirrilly Pursey’s thesis, supervised
by Dr Tracy Burrows.
Who can participate in the research?
Any interested individual can participate in this project if they:

Are aged between 18-35years

Are living in the Hunter region

Have a body weight no greater than 150kg

Are available to attend an assessment session at the Hunter Medical Research Institute Magnetic
Resonance Centre, New Lambton Heights, NSW.
You will be ineligible to participate if you:

Are currently pregnant

Have any metallic implants

Have non MRI-compatible biomedical implants (e.g. cardiac pacemaker, cerebral aneurysm clip,
cochlear implant)

Suffer from claustrophobia

Have a pre existing medical condition such as anxiety or depression or an eating disorder

Are vegetarian

Are left handed

Have ever had a history of substance abuse

Are at risk of adverse medical events as a result of a four hour fast e.g. individuals with diabetes

Are unable to refrain from smoking for 12 hours prior to the scan
As this research project has limited places available for participation, the first participants to return
their consent forms will be included in the study, with additional consenting participants placed on a
waiting list.
308

What choice do you have?
Participation in this research is entirely by choice. Only those individuals who give their informed
consent will be included in the project. If you decide to participate you may withdraw from the
project at any time without giving a reason and have the option of withdrawing any data that
identifies you.
What would you be asked to do?
The study will take place between July and December of 2015. If you agree to participate, you will be
asked to participate in:
 A single session including a body measurement session and fMRI scan session at the HMRI
Magnetic Resonance Centre, New Lambton, NSW (2 hours)
 All sessions will be offered at a time that is most convenient for you
Measurement session at HMRI
All assessments will take place in at the HMRI Magnetic Resonance Centre. At this session you will
have the following measures:


Weight: measured in light clothing without shoes and on a calibrated scale to 0.1kg

Height: measured in light clothing without shoes.

Body Composition: This will tell us your fat mass and fat free mass and is measured using a
bioelectrical impendence analyser. We will assess the proportion of fatty tissue in your body using
equipment that transmits a harmless electrical current through your body to determine proportions of fat
mass compared to fat free mass. This equipment is used in routine clinical assessment.

Scanning session at HMRI
Four hours prior to the scanning session you will be asked to drink a 300mL nutritional meal
replacement beverage, Ensure Plus, and then not to consume any food or beverages except for water
for the remaining 4 hours before the session at HMRI. You will also be asked not to consume
caffeinated or alcoholic beverages or tobacco for 12 hours prior to the scan session. Common sources
of caffeine include tea, coffee, chocolate, cola products and energy drinks. The research team will
contact you via phone prior to the scanning session to determine if you are eligible for participation in
the study. During this phone call, the research team will also determine if you are unable to fast for 4
hours (e.g. diabetics), are vegetarian or are unable to refrain from smoking for 12 hours prior to the
scan. You will receive a second phone call from the research team on the day before the scan to
remind you of the pre scan protocol. You will be asked on the day of the scan whether you have
completed the protocol. If any of the components of the protocol have not been completed, you may
not be able to complete the scan that day.
Magnetic resonance imaging (MRI) is medical imaging techniques commonly used in clinical practice to
assess the function of structures and are a common healthcare procedures. Functional MRI detects
changes in blood flow to the brain to identify what areas are being activated in specific tasks. Unlike CT
scans or traditional X-rays, fMRI scans use no ionising radiation, making them a very safe procedure.
The MRI scans for this study will be conducted by a trained sonographer and at any stage during the
scanning process you can request to stop the scan.
At the fMRI scan session you will complete ratings of your appetite, hunger and liking of food images
prior to entering the MRI scanner. You will be asked to lie still during imaging and during some
sequences you will be asked to look at food images presented. In order to help keep your head still,
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foam pillows may be placed under and around your head for comfort. In order to protect your ears
from the loud sounds of the MRI, you will wear earplugs during imaging. You can choose to stop the
examination if you are feeling claustrophobic due to confinement in the magnet tube, or if you
experience excessive discomfort at any time during the examination. You will be asked to consume
another 300mL of the nutritional meal replacement beverage, Ensure Plus, during the scan session.
You will be reimbursed $50 upon completion of attending the required amount of assessment
sessions, for your time and to cover any travel and/or parking costs.
How much time will it take?
Attendance at the HMRI session should not exceed 2 hours and will include the combined body
measurement and scanning sessions.
What are the risks and benefits of participating?
All the measures used in the study (body composition and MRI scans) have been widely used in
research and are considered standardised tools for their specific measurements. The MRI technique
uses non-ionising radiation and is safe to repeat many times without any known long‐term effects.
There are no known or foreseeable risks or side effects associated with conventional MRI procedures
except to those people who have metallic implants. If you have any of the above implants, or are
claustrophobic, then you are not suitable for this study.
Participants will be reimbursed $50 to cover travel and parking costs associated with attending HMRI.
Participants will have their height, weight and body composition accurately measured by a trained
professional and you will have this information made available to you at the end of the session.
As part of the scanning procedure, a safety image of the brain will be undertaken. This will be sent as a
report to the Chief Investigator of the research project. If any brain abnormalities or safety issues are
identified during the scanning procedure the information will be forwarded to your GP who will
communicate this information to you. Participants will receive a 300mL nutritional meal replacement
beverage, Ensure Plus, before and during the scan session. All ingredients and allergens will be clearly
labelled.
How will your privacy be protected?
Data collected by the research team
Initially all data collected in non-electronic form will be stored in a locked filing cabinet in the Chief
Investigator’s office. Once in electronic form, it will be in a password protected computer file in the
Chief Investigator’s office to ensure its security and the confidentiality of any identified data. Only the
Chief Investigators will have access to the raw data. The researchers will enter this raw data into a
statistics program. As there is a need to be able to identify individual data due to multiple data entry
points, the identifiers will be removed and replaced with a code. Data used for analysis will be deidentified before entry into the statistical program. Once this information is entered on the data file,
all raw data will be shredded and no person will be identifiable in the data files or published reports.
The data will be kept for 10 years after the study in a password protected location. A list of names and
codes will be stored separately to data files in the chief investigator’s office.
How will the information collected be used?
The results of the research will be reported via national and international conferences and peer
reviewed publications as part of Kirrilly Pursey’s PhD thesis. You will not be identified in any reports
arising from the study. At the conclusion of the study you will receive a brief summary of the results
from the Chief Investigator.
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What do you need to do to participate?
Please read this Information Statement and be sure you understand its contents before you consent to
participate. If there is anything you do not understand, or you have questions, contact the researcher.
If you would like to participate, please complete the accompanying consent form and return it to the
researchers in the reply paid envelope provided. If you consent, you will then be contacted to confirm
a time convenient for you to complete the assessment sessions.
Further information
For further information please contact Miss Kirrilly Pursey (Email: Kirrilly.pursey@uon.edu.au, Phone:
02 49215690)
The Research Team:

Kirrilly Pursey, PhD Candidate, Schools of Health Sciences, The University of Newcastle.

Dr Tracy Burrows, School of Health Sciences, the University of Newcastle

A/ Prof Peter Stanwell, School of Health Sciences, The University of Newcastle.

Prof Clare Collins, Priority Research Centre in Physical Activity and Nutrition, The University of
Newcastle.

Prof Patrick Stroman, Centre for Neuroscience studies, Queens University, Kingston, Canada.

Dr Chris Dayas, School of Biomedical Sciences and Pharmacy, University of Newcastle.

Dr Sharmaine McKiernan, School of Health Sciences, University of Newcastle.

Melissa Grey, Student, University of Newcastle.

Katherine Brain, Student, University of Newcastle.

Deonn Burgess, Student, University of Newcastle.
Thank you for considering this invitation.
Dr Tracy Burrows, Lecturer in Nutrition and Dietetics,
School of Health Sciences, Faculty of Health
Complaints about this research
This project has been approved by the University’s Human Research Ethics Committee, Approval No. H-2012-0419. Should you have concerns
about your rights as a participant in this research, or you have a complaint about the manner in which the research is conducted, it may be
given to the researcher, or, if an independent person is preferred, to the Human Research Ethics Officer, Research Office, The Chancellery,
The University of Newcastle, University Drive, Callaghan NSW 2308, Australia, telephone (02) 49216333, email HumanEthics@newcastle.edu.au.
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Appendix 8: Email recruitment for the functional MRI
study

Online/Email Recruitment
Version 1.2, Date 25.06.15
Email title: Invitation to participate in Food Addiction Study
Hi,
Researchers at the University of Newcastle are seeking males and females aged 18-35 years who
previously completed the initial Australian Food Addiction Survey in 2013 to complete an additional
part of the study. The additional sections include:
•
Completing brief questionnaires about appetite and ratings of specific images of foods
•
Measurement of height, weight and body composition
•
Functional magnetic resonance imaging (fMRI) scan. Functional MRI is an imaging technique
that assesses blood flow in the brain and is a safe procedure with no known health implications
This study should take no more than 2 hours of your time and you will be provided with $50 for your
time and costs associated with travel.
Prior to your participation, you will be contacted by the researchers via phone to determine if you are
eligible for the study. Some of the questions asked may be considered sensitive such as information
regarding eating behaviours and substance use. All of your responses will be kept confidential and you
will have the option of choosing not to answer any questions you do not feel comfortable with. In
addition, you will be asked to refrain from eating or drinking anything except for water for 4 hours
prior to the scan. Prior to this 4 hour fast and during the scan session you will be asked to drink a
formulated meal replacement beverage, Ensure Plus. This will be clearly labelled with all ingredients
and allergens.
The research team are interested in finding out about food addiction in young Australian adults. This is
an important study to help us to better understand the condition and whether food addiction is
associated with changes in brain responses. Importantly, the research team need to determine the
accuracy of assessment tools used to assess food addiction. Emerging research indicates that
consumption of foods high in sugar and fat can elicit reactions in the brain that are similar to those
that occur in drug addiction. This is significant as this may indicate addiction to high calorie ‘junk
foods’ could play a role in the development of obesity.
If you are interested in participating or finding out more information please contact
Kirrilly.Pursey@newcastle.edu.au or Ph 02 49215514
Kind regards,
Kirrilly Pursey(on behalf of the research team)
PhD Candidate, University of Newcastle
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Appendix 9: Consent form for the functional MRI
study

Consent Form for the Research Project:
An Investigation into Food Addiction in Young Australian Adults
Document Version 1.3; dated 25.6.15
I agree to participate in the above research project and give my consent freely. I understand that the
project will be conducted as described in the Information Statement, a copy of which I have retained. I
understand I can withdraw from the project at any time and do not have to give any reason for
withdrawing.
I consent to:

Have my height, weight, and body composition (fat mass/ fat free mass) measured at a body
measurement session at Hunter Medical Research Institute (HMRI), New Lambton Heights.

Attend a single session at the HMRI Magnetic Resonance Centre for a functional magnetic
resonance imaging scan.

Complete a survey regarding hunger, appetite and ratings of food images.

Drink a 237mL nutritional meal replacement beverage before attending and during the
scanning session

I understand that in this study I will be subjected to non ionising radiation exposure from electromagnetic fields. There is no evidence that electro-magnetic radiation at this level of exposure causes
any harmful effects. Approval has been granted for this study by the University of Newcastle, Human
Research Ethics Committee.
I understand that my personal information will remain confidential to the researchers and data
collected from my participation will be used in journal publications, conference presentations and
theses. My refusal to participate or withdrawal from the study will not affect my relationship with the
University of Newcastle. I have had the opportunity to have questions answered to my satisfaction.
By signing below I am indicating my consent to participate in the research project conducted by Dr
Tracy Burrows, Prof Clare Collins, A/ Prof Peter Stanwell, and Miss Kirrilly Pursey as it has been
described to me in the Information Statement, a copy of which I have retained.

Print Name :______________________________________________________
Contact Details: __________________________(Phone) _____________________
(E-mail)______________________________________________________________
Signature : _______________________________ Date: _________________________

Please return the completed consent in the prepaid envelope enclosed.
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Appendix 10: Example questions from the appetite
and image ratings survey for the functional MRI
study

Version 1.1, Date 16.01.15

Name:

Time

Appetite and food ratings survey
This next part of the survey is designed to find out how appealing you find each of the 20 food
images shown in front of you. For each image please place an X on the scale to indicate your ratings
for each of the following questions.

IMAGE NAME: _____________________________________________________

1.

How appealing is this food?

Not appealing
at all

Extremely
appealing

2.

How much do you desire to eat this food right now?

I have no
desire to
eat this food

I have
a strong
desire to eat
this food

3.

Does this image increase your appetite?

This does not
increase my
appetite

This
increases
my appetite
a lot

4.

How much of this food do you think you could eat right now?

Nothing at all

A lot
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Appendix 11: Demographic survey for the functional
MRI study

Version 1.2, Date 25.06.15 Name:

Time:

ID:

Demographic survey
1.

What is your date of birth?

2.
Are you currently restricting your food intake to control your weight (e.g. by eating less or
avoiding certain foods)?
Yes
No
3.
Have you ever restricted your food intake to control your weight (e.g. by eating less or
avoiding certain foods)?”
Yes
No
If you answered yes, how many times have you tried to lose weight in last 5 years?

4.
Did you consume all of the nutritional meal replacement beverage, Ensure Plus, 4 hours
prior to your session?
Yes
No
Time beverage was taken:___________
5.
Have you refrained from eating or drinking anything for at least 4 hours prior to your
session?
Yes
No
6.
Have you refrained from smoking, and drinking alcoholic and caffeinated beverages for at
least 12 hours prior to the session?
Yes
No
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Appendix 12: Prescan reminder for the functional
MRI study

Pre session reminder
Version: 1.2. Date: 25.06.15

Hi

,

Your scheduled time is at XX.XX am/pm at the Magnetic Resonance Centre, Hunter Medical Research
Institute, New Lambton Heights. There is a car space booked for you. You will just need to give your
name at the boom gate to the carpark. Once you have parked, please enter the HMRI building via the
public entry door and proceed to HMRI Reception. You will be asked to fill in the visitor log to receive
an entry badge. Please ask reception to ring the Imaging Centre and a member of the research team
will meet you at reception to take you to the Imaging Centre.
As part of the pre scan protocol we ask that you:
•
Drink the 237mL nutritional meal replacement beverage, Ensure Plus, 4 hours prior to the
scanning session. This would mean you should try to drink the beverage at approximately XX.XX
am/pm.
•
Refrain from eating or drinking anything except for water for 4 hours prior to your scan. This
would mean you should not eat or drink anything apart from water from XX.XX am/pm.
•
Refrain from smoking, drinking alcohol or caffeinated beverages for 12 hours prior to your
scan. Common sources of caffeine include tea, coffee, chocolate, cola products and energy drinks. This
means you should avoid these products from XX.XX am/pm.
You will be asked on the day of the scan whether you have been compliant with the prescan protocol.
If you have not fulfilled any of the above protocol, you may be unable to undertake the scan session.
When you arrive at the Magnetic Resonance Centre, you will undertake a series of measurements
including:
•
•
•
•
•

Height, weight and body composition measures
Complete surveys regarding appetite and rating of food images
Recomplete a small section of the original survey
Undertake a functional MRI scan of the brain
You will also receive a nutritional meal replacement beverage

I look forward to meeting you at HMRI.
Kirrilly Pursey (on behalf of the research team)
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Appendix 13: Author contributions Chapter 1
I attest that Research Higher Degree candidate Kirrilly Maree Pursey contributed to the
following paper:
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Appendix 14: Author contributions Chapter 2
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