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Abstract

Binge eating disorder (BED) is common, yet treatment options are suboptimal. Novel
treatments may yield better outcomes than established approaches if they directly
target the mechanisms involved in the maintenance of BED. Neurobiological models
have implicated altered cognitive control, and recent studies have indicated that
attention bias (AB) towards high-calorie food may be a potent target for treatment.
Accordingly, interventions that directly target cognitive control functions have been
developed. These include attention bias modification training (ABMT), a
computerised training programme that aims to reduce the strength of an implicit AB
towards high-calorie food cues, and transcranial direct current stimulation (tDCS), a
non-invasive brain stimulation (NIBS) technique that uses direct current electric
fields to alter cortical excitability and enhance neuroplasticity. Independently, both
ABMT and tDCS have been reported to produce therapeutic effects in patients with
BED, however, it is proposed that the effects of tDCS may be enhanced when
disorder-related brain regions are activated during stimulation, and that the effects of
ABMT may be improved when neuroplasticity is greater. Thus, outcomes from

treatment may be superior when tDCS and ABMT are combined.

To better understand the potential for tDCS to influence AB, we first reviewed the
literature relating to the effects of NIBS on AB towards emotion. Here, we reveal
that, although the evidence is mixed, findings in clinical populations generally
suggest that AB may be altered by NIBS. In parallel, a cross sectional study of food-
related AB in obesity with and without BED examined the extent to which AB was a
distinct feature of BED. We observed that both groups showed AB towards high-
calorie food cues, but that only participants with BED showed a bias towards low-
calorie food cues, and that the relationship between craving and food-related AB was
greatest in BED. Accordingly, we conducted a feasibility trial of concurrent at-home
tDCS with ABMT in adults with BED. Findings indicated that the study protocol is
feasible, and that the intervention is acceptable. Moreover, tDCS with ABMT was
associated with reductions in objective binge eating behaviour, craving, and AB
towards high-calorie food stimuli which were maintained to follow-up. As a result,
concurrent tDCS with ABMT is a promising novel option for treatment, and future

trials of this approach are encouraged.
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1.1 Binge eating disorder: An overview

Binge eating disorder (BED) was first described by psychiatrist Albert Stunkard in
1959 in his paper titled, “Eating Patterns and Obesity”. Here, he described an eating
pattern which has “an orgiastic quality” during which “enormous amounts of food
may be consumed in relatively short periods...during periods of life stress...with no
particular periodicity” (Stunkard, 1959). As studies of this unusual eating behaviour
increased, so did potential names to describe the phenomenon. Psychiatrists
suggested terms like, “Stuffing Syndrome,” “Thin/Fat Syndrome,” “Hyperorexia,”
and “Dietary Chaos Syndrome.” Eventually, the term “binge eating” became the
accepted nomenclature and, in 1980, the term was first noted in the third edition of
the Diagnostic and Statistical Manual for Mental Disorders (DSM-III; American
Psychiatric Association, 1980) as a feature of another eating disorder (ED), bulimia
nervosa (BN). Later, in 1987 when the DSM-III was revised (DSM-III-r; American
Psychiatric Association, 1987), a third category of ED was described: Eating
Disorder Not Otherwise Specified (EDNOS). This category, which was designed to
recognise individuals with clinically significant disordered eating who did not meet
diagnostic criteria for anorexia nervosa (AN) or BN, became the diagnostic ‘home’

for people with BED for the following 25 years.

In the years that followed, EDNOS became the most common ED, with as many as
half of all individuals diagnosed with an ED receiving this diagnosis. Not
surprisingly, clinicians and academics in the field expressed concern about the utility
of a classification system which saw such a high proportion of patients captured by a
‘residual’ diagnostic category (e.g., Fairburn et al., 1993, and Spitzer et al, 1993). In
response, in 1994, BED was re-classified as a provisional diagnosis within EDNOS
which could be applied for research purposes (DSM-1V; American Psychiatric
Association, 1994), and for the first time, criteria for diagnosis were described. This
facilitated more numerous and more rigorous research into BED which, in time,
provided the empirical evidence needed to demonstrate that recognition of BED as a
full syndrome ED is clinically and academically advantageous. Accordingly, BED
was finally described as a full-syndrome ED in the fifth edition of the DSM
published in 2013 (DSM-5; American Psychiatric Association, 2013) and in the 11
edition of the International Classification of Diseases published in 2019 (ICD-11;
World Health Organisation, 2019).

29



The protracted period during which BED lacked formal recognition and definition
hampered efforts to investigate this population and contributed to BEDs position as
the “lesser known” and more steeply stigmatised ED. Indeed, a recent review painted
a bleak picture of public and healthcare practitioner knowledge about BED, and their
attitudes and beliefs about those living with the disorder (Reas, 2017). Here, it was
reported that the public perceived BED as less impairing, less severe, and “easier-to-
treat” than other EDs, and that both public and healthcare practitioner attitudes and
beliefs about BED reflected perceived blameworthiness and lack of self-discipline
(Reas, 2017). Although this is disheartening, in the ~10 years since BED’s inclusion
in the DSM-5, there has been marked improvement in BED recognition among
healthcare professionals (Reas, 2017) and the number of studies focusing on BED
has increased exponentially: according to PubMed®, only ~1,200 studies of BED had
been published prior to the DSM-5 publication in 2013. Since then, more than 1,800
new studies of BED have been published.!

1.1.1 Diagnosis and clinical characteristics

BED is characterised by regular episodes of objective binge eating during which an
individual ingests a large amount of food over a discrete period of time whilst
experiencing loss of control over eating behaviour (Giel, Bulik, et al., 2022).
According to the DSM-5, to qualify for a BED diagnosis these episodes must occur
at least once per week for at least 3 months, and they must be accompanied by
distress. These episodes must also be associated with at least three of the following
five characteristics: eating much more rapidly than normal, eating until feeling
uncomfortably full, eating despite not feeling physically hungry, eating alone
because of embarrassment about the amount of food being consumed, and/or
negative feelings after overeating (American Psychiatric Association, 2013). Similar
criteria for diagnosis were described in the ICD-11 however, here a more relaxed
definition of binge eating has been applied. While the DSM-5 requires that episodes
of binge eating involve the consumption of an objectively large amount of food, in
the ICD-11 consumption of a subjectively large amount of food is sufficient for

diagnosis (World Health Organisation, 2019). During episodes of objective binge

! The DSM-5 was released on the 13% of May 2013. The PubMed® database includes 1238 publication
using the term “binge eating disorder” in the title or abstract prior to this date. Between the 14/05/13
and 01/09/22, 1830 publications used the term “binge eating disorder” in the title or abstract.
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eating, people with BED commonly consume high-calorie palatable foods including
breads/pasta, sweets, high fat meat items, and salty snacks (Allison & Timmerman,

2007).

Binge eating is a feature of BED, BN, and some presentations of AN. However, the
regular use of inappropriate compensatory behaviours to prevent weight gain (e.g.,
self-induced vomiting, laxative misuse, or severe caloric restriction), which
characterises BN and AN binge/purge subtype, is not a feature of BED (World
Health Organisation, 2019). Similarly, unlike AN and BN, body image disturbances
(e.g., overvaluation of weight and shape) are not currently required for BED
diagnosis (World Health Organisation, 2019). However, ~50% of individuals with
BED report clinically significant overvaluation of weight and shape, and outcomes
from treatment are poorer for these individuals (Coffino et al., 2019a; Grilo et al.,

2008; Grilo et al., 2019; Grilo et al., 2013).

The DSM-5 also provides criteria for full and partial remission. Partial remission of
BED is fulfilled if, after full criteria were previously met, binge eating frequency is
reduced to less than once per week for a sustained period of time. Full remission is
achieved when an individual no longer meets any of the DSM-5 criteria for BED and
has done so for a sustained period of time (American Psychiatric Association, 2013).
However, the duration of this “sustained period of time” is not specified so clinical

judgement is required.
1.1.2 Help-seeking behaviour

It is reported that only ~50% of affected persons with BED ever seek help for their
ED, and that help-seeking rates are even lower in men and in ethnic minority groups
(Coftino et al., 2019b). Prominent barriers to help-seeking include stigma and shame,
lack of insight into the severity of the illness, low motivation to change, negative
attitudes toward seeking help, lack of encouragement from others to seek help, lack
of knowledge about help-seeking options, and practical barriers (e.g., proximity
to/cost of care; Ali et al., 2017; Ali et al., 2020). Indeed, individuals with BED
typically seek help for weight management in the first instance, and many do not
recognise or disclose that their behaviour is consistent with an ED (Coffino et al.,
2019b). Similarly, healthcare professionals are often unfamiliar with the BED

diagnosis, and they frequently hold negative attitudes and beliefs about people with
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BED (Reas, 2017). These contribute to failures detecting the disorder and hamper

help seeking efforts.
1.1.3 Epidemiology
1.1.3.1 Prevalence

Given BED’s relatively recent addition to international disease classification
systems, knowledge of epidemiology is still emerging. Clinical and community-
based studies, most of which have been conducted in high-income countries across
North America, Europe, and Oceania, suggest that BED is common in the general
population (Giel, Bulik, et al., 2022). Indeed, BED is the most common full-
syndrome ED. Across 94 studies, the most common ED was other specified feeding
or eating disorder (OFSED)/EDNOS with lifetime and point prevalence of 4.3% and
10.1% for females and 3.6% and 0.9% for males. This was followed by BED with
lifetime and point prevalence of 2.8% and 2.3% for females, and 1% and 0.3% for
males (Galmiche et al., 2019). Of note, expert reviews of worldwide ED
epidemiology have called for larger, more rigorous studies to produce a better
understanding of the prevalence and distribution of EDs (Hoek, 2016). This is
especially needed because of the changes to criteria for ED diagnosis outlined in the
DSM-5 (American Psychiatric Association, 2013), including the recognition of BED
as a clinical diagnosis and the relaxation of BED diagnostic criteria relative to those
described for use in research in the DSM-IV (American Psychiatric Association,
1994). Moreover, very few of the available epidemiological studies distinguished
males from females, many only included females, and data relating to low- and
middle-income countries (Udo & Grilo, 2018), ethnic minority groups (Rodgers et

al., 2018) and gender-diverse populations (Gordon, et al., 2021) are lacking.
1.1.3.2 Illness course

BED has a relatively late age of onset and protracted illness course. Although
symptoms of BED can begin as young as age 8 years (Tanofsky-Kraff et al., 2005),
the median age of onset for BED is ~20 years (Kessler et al., 2013; Solmi et al.,
2022). Where there is no prior history of ED, BED onset is rare after age 30 years
(Solmi et al., 2022). Most long-term studies have suggested that BED is often long-
standing, with a mean illness duration of 14-16 years reported in adults (Agh et al.,

2015; Keski-Rahkonen, 2021; Udo & Grilo, 2018). Studies in adolescents and young
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adults report a much shorter mean duration of BED. For example, in a longitudinal
study of ~9,000 adolescent women in North America, only 10.8% of participants
who met diagnostic criteria for BED at baseline continued to do so at 2-year follow-
up (Glazer et al., 2019). Similarly, in a Finnish study of young adults (age < 25
years), the mean duration of BED was 4 years, and 40% of participants achieved full
recovery within 5 years of BED onset (Silen et al., 2021). This may indicate that
BED is fundamentally different in youth, however, more likely it highlights the

importance of early detection and intervention in achieving remission.

Fluctuations in ED presentations are frequently reported in the literature, although
this appears to be less common in BED, as opposed to other EDs (Udo & Grilo,
2018). In a large Swedish population study, researchers mapped transition patterns
for 9,622 individuals who were seen for an ED at least twice in the 14-year period
between 1999 and 2013 (Schaumberg et al., 2019). They observed that, in general,
transitions across full-syndrome EDs were rare, and that transition to remission
(33%) or retention of BED diagnoses (42%) was the most common pattern for those
first diagnosed with BED in this sample. Where shifting did occur, the likelihood of
remission decreased, indicating that diagnostic instability may indicate greater BED

severity and poor prognosis (Schaumberg et al., 2019).
1.1.3.3 Medical comorbidity

BED is associated with a wide range of significant and disabling medical
comorbidities (Giel, Bulik, et al., 2022). In a recent study of more than 36,000 adults
in the United States of America, past-year health conditions commonly co-occurring
with BED (with or without obesity) included hypertension (31%), various heart
conditions (17%), arthritis (24%), elevated cholesterol (27%) and triglycerides
(15%), diabetes mellitus (14%), and sleep problems (29%) (Udo & Grilo, 2019).

Due to high caloric consumption during episodes of objective binge eating, BED and
obesity are highly comorbid, and ensuing obesity-related medical complications are
common (Wassenaar et al., 2019). In a recent study of a nationally representative
sample of adults in the United States (n = 35,306), participants with a lifetime
diagnosis of BED (n = 318) were 2.09 times more likely than participants with no
history of ED to report a current BMI between 30.0 and 39.9 kg/m?, and 4.61 times
more likely to report a BMI >40 kg/m? (Udo & Grilo, 2018). Similarly, those who
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met criteria for BED within the previous 12-months were 1.86 times more likely to
report current BMI between 30 and 39.9 kg/m?, and 1.95 times more likely to report
BMI >40 kg/m? (Udo & Grilo, 2018). Accordingly, individuals with BED are
overrepresented among bariatric surgery candidates (Wassenaar et al., 2019). For
example, in a systematic review of maladaptive eating behaviours among bariatric
surgery candidates, it was reported that up to 49% of individuals in pre-operative
samples met full criteria for BED, and that 66% reported at least one episode of
binge eating per week (Williams et al., 2017). Post-surgery, BED is associated with
poorer surgical outcomes, less weight loss, more weight re-gain, and increased need

for surgical revision (Conceigao et al., 2015).

Rates of metabolic syndrome (i.e., the clustering of a number of obesity-related
medical conditions including abdominal obesity, hyperglycaemia, hyperlipidaemia,
and hypertension) are also elevated in BED (Wassenaar et al., 2019), although the
criteria used to diagnose metabolic syndrome vary across studies. Those with
metabolic syndrome are at a 1-2-fold increased risk of cardiovascular disease
(Mottillo et al., 2010; Guembe et al., 2020) and Alzheimer’s dementia (Kim et al.,
2021), as well as a 2-5-fold increased risk for type 2 diabetes mellitus (Shin et al.,
2013). Indeed, it has been suggested that risk for development of type 2 diabetes
mellitus is up to 13 times greater in BED, relative to those with healthy weight
(Raevuori et al., 2015), and that up to 25% of patients with type 2 diabetes may have
BED (Hudson et al., 2010). Relatedly, metabolic and inflammatory markers
associated with increased morbidity and mortality, such as erythrocyte sedimentation
rate, high-sensitive C-reactive protein, and white blood cell count, are also elevated
in individuals with obesity who meet criteria for BED, relative to controls with
obesity (and not BED) and healthy-weight (Succurro et al., 2015). Given high levels
of obesity, insulin resistance, and metabolic syndrome, people with BED may also be
at greater risk for developing non-alcoholic fatty liver disease. A pilot study in adults
with non-alcoholic fatty liver disease (n = 95) reported that 23.1% of participants
scored highly on the Binge Eating Scale (Gormally et al., 1982), suggesting probable
BED (Zhang et al., 2017).

Type 1 diabetes mellitus and other autoimmune disorders, such as Chron’s disease
and autoimmune thyroiditis, may also be more common in patients with BED,

although these are less well documented in the literature (Raevuori et al., 2014;
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Wassenaar et al., 2019). Disinhibited eating has been reported among individuals
with type 1 diabetes, and up to 27% of those with type 1 diabetes who engage in
disinhibited eating also report insulin misuse for weight control (Colton et al., 2015;
Merwin et al., 2014). Less is known about individuals with type 1 diabetes who
experience disinhibited eating but do not employ maladaptive weight control
behaviours, although they appear to be numerous, and it is possible that a large

portion may meet criteria for BED (Takii et al., 2002; Wassenaar et al., 2019).

Gastrointestinal symptoms, including dysphagia, acid reflux, bloating, abdominal
pain, diarrhoea, constipation, and lower gastrointestinal urgency, are common in
obesity and more so in BED (Cremonini et al., 2009). In fact, BED seems to be
associated with both upper and lower gastrointestinal symptoms, independent of the
level of obesity (Cremonini et al., 2009). Risk for nutritional deficiency, particularly
for vitamins A, C, D3 and calcium, is also increased (Wassenaar et al., 2019).
Additionally, respiratory, musculoskeletal, and reproductive health problems (e.g.,
urinary incontinence, polycystic ovarian syndrome, and infertility) are significantly
increased in patients with BED compared with the general population (Wassenaar et

al., 2019).
1.1.3.4 Psychiatric comorbidity

BED often co-occurs with other mental health conditions. A recent study of BED
prevalence and correlates which was conducted in a large nationally representative
sample (n =35,306) reported that 94% of individuals with BED with or without
obesity met diagnostic criteria for at least one additional psychiatric disorder and
23% had attempted to die by suicide (Udo & Grilo, 2019). Common psychiatric
comorbidities among participants with BED with and without obesity included
lifetime mood disorders (70%), post-traumatic stress disorder (32%) and anxiety
disorders (16%), and multiple psychiatric comorbidities were common (Udo & Grilo,
2019). Indeed, individuals with BED with and without obesity met criteria for a
significantly greater number of lifetime psychiatric diagnoses than those with AN,
after adjusting for sociodemographic variables (mean lifetime comorbid psychiatric
diagnoses: BED with and without obesity = 2.3, AN = 1.7) (Udo & Grilo, 2019).
These findings are consistent with those reported ~12 years earlier using data from
the National Comorbidity Survey Replication which included 2980 adults with EDs
(Hudson et al., 2007). Here, almost 50% of respondents with BED with and without
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obesity met diagnostic criteria for three or more psychiatric comorbidities at the time
of assessment (Hudson et al., 2007). Other common comorbidities include addiction
disorders such as substance use/abuse [e.g., 22.0% of participants with obesity and
BED in Grilo et al. (2013)], gambling problems [e.g., 5.7% of participants with BED
and without obesity in Jiménez-Murcia et al. (2013), and 18.7% of participants with
obesity and BED in Yip et al. (2011)], and compulsive buying [e.g., 7.4% of
participants with BED with and without obesity in Miiller and Mitchell (2014), and
18.5% of participants with obesity and BED in Ferndndez-Aranda et al. (2019)].
Attention-deficit-hyperactivity disorder (ADHD) and BED also commonly co-occur
((Udo & Grilo, 2019).

Psychiatric comorbidity is associated with more severe BED pathology and poorer
response to treatment, regardless of the evidence-based treatment used (Giel, Bulik,
et al., 2022; Lydecker & Grilo, 2021). For example, in a recent study of 636 adults
with BED, generalised psychiatric comorbidity and current mood disorder
comorbidity predicted more frequent episodes of binge eating and higher global ED
psychopathology at both pre- and post-treatment timepoints, compared with BED
patients without psychiatric comorbidity (Lydecker & Grilo, 2021). Similarly,
patients with a comorbid mood disorder were less likely to experience remission
from binge eating at end-of-treatment. However, psychiatric comorbidity neither

predicted nor moderated weight loss in patients with BED (Lydecker & Grilo, 2021).
1.1.3.5 Burden of disease

Given the high prevalence of BED and the high rates of BED comorbidity, the
economic and quality of life burden associated with BED is substantial (Le &
Mihalopoulos, 2021; Santomauro et al., 2021; Streatfeild et al., 2021). In a recent
examination of the social and economic costs of EDs in the United States, Streatfield
et al. (2021) estimated that in the fiscal year of 2018-2019, EDs were associated with
a tangible cost (i.e., health system costs and costs associated with productivity loss)
of 64.7 billion USD and an intangible cost (i.e., costs associated with loss of
wellbeing) of 326.5 billion USD. Here, BED accounted for 30% of tangible costs
(19.4 billion USD) and nearly 40% of intangible costs (128.8 billion USD).
Similarly, in an extension to the Global Burden of Diseases, Injuries, and Risk
Factors Study, it was reported that during 2019 BED accounted for 800,000
disability-adjusted life years (i.e., lost years of healthy life due to either mortality or
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disability; Santomauro et al, 2021).
1.2 Actiology of BED

Although our knowledge of BED aetiology is still emerging, it is widely accepted
that a range of psychological, environmental, and genetic factors, and the interactions

between them, contribute to the development and maintenance of BED.
1.2.1 Psychological risk factors

Empirical evidence indicates that a range of psychological and behavioural factors
may contribute to the development of BED (Agiiera et al., 2021; Davis et al., 2020;
Micali et al., 2017). First, childhood loss-of-control eating (Tanofsky-Kraff et al.,
2005; Tanofsky-Kraff et al., 2011) and eating in the absence of hunger (Balantekin et
al., 2017) have been shown to predict BED onset during adolescence. For example,
in a prospective longitudinal study of 195 children aged 6 to 13 years, it was found
that those who reported having ever experienced loss of control eating at baseline
were significantly more likely to develop partial or full-syndrome BED according to
DSM-1V criteria by 5-year follow-up than children who reported no history of loss of
control eating at baseline (Tanofsky-Kraff et al., 2011). Similarly, dieting behaviour
during adolescence is a significant risk factor for later binge eating behaviour (e.g.,

Robinson et al., 2020).

Second, while BED, by definition, often entails intense feelings of depressed mood
following binge eating episodes (American Psychiatric Association, 2013), negative
affect has been implicated in both the development and maintenance of the disorder.
For example, prospective longitudinal studies report that unhappiness during
childhood predicts future BED onset (Micali et al., 2017). Similarly, depressive
symptoms in adolescence and young adulthood have also been shown to predict the
development of BED during adulthood (Goldschmidt et al., 2016; Stice et al., 2017;
Stice et al., 2002). Among individuals with BED, low affect has also been shown to
increase the likelihood of future episodes of binge eating (Cardi et al., 2015; Haedt-
Matt & Keel, 2011; Zaider et al., 2002), and is therefore implicated in maintenance
models of BED (e.g., Leehr et al.,2015).

Third, generalised anxiety, social anxiety, and elevated stress are also predictive risk
factors for BED (Stice et al., 2017). In a prospective longitudinal study including 45

women with a lifetime history of BN or BED and 1,515 control women, greater
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levels of perceived stress were found to predate the onset of binge eating across BN
and BED (Striegel-Moore et al., 2007). A longitudinal study of 201 American
adolescents similarly found that greater anxiety was associated with later onset of
BED (Zaider et al., 2002). Social phobia and conduct disorder during adolescence
have also been reported to be a significant predictor of future binge eating behaviour
in general (Robinson et al., 2020). Relatedly, low self-esteem, negative body image
and maladaptive internalised beliefs about thinness may also contribute to the
development of BED (Stice & Desjardins, 2018). For example, in a study of 1,272
individuals with EDs, body dissatisfaction, perceived pressure for thinness,
internalisation of the ‘thin-ideal’, and strong beliefs about social and psychological
benefits of thinness were all found to be specific predictors of later BED onset (Stice
et al., 2017). Maladaptive cognitions relating to body image, including low
interoceptive awareness, elevated body dissatisfaction and body disinvestment, have
also been implicated (Cella et al., 2021, 2022). This relationship between negative
body image and binge eating behaviour may be moderated by low self-esteem
(Puttevils et al., 2019). Indeed, low self-esteem is a well-established non-specific risk
factor for EDs which is known to interact with risk factors for BED (Sehm &
Warschburger, 2015).

Finally, a number of personality traits have been identified as risk factors for BED.
High levels of neuroticism, low levels of agreeableness, and elevated impulsivity are
significant predictors of future binge eating behaviour (Robinson et al., 2020; Stice et
al., 2017; Zhang et al., 2021). For example, in a longitudinal population-based study
of 1,623 adolescents, high levels of neuroticism, elevated impulsivity, and low levels
of agreeableness at 14 years of age were associated with binge eating behaviour at
age 16 and 19 (Robinson et al., 2020). The combination of high impulsivity and
neuroticism has been conceptualised as negative urgency: the tendency to engage in
rash actions and risky behaviours (i.e., impulsivity) when experiencing strong
negative emotions (i.e., neuroticism). Negative urgency is detectable from childhood
and has been shown to prospectively predict high school binge eating (Davis &
Smith, 2018), which in turn predicts BED in adulthood (Goldschmidt et al., 2016).

1.2.2 Environmental risk factors

Environmental factors related to poor family functioning, weight and body shape-
based teasing, and childhood trauma have all been found to increase risk of BED
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later in life (Keski-Rahkonen, 2021). For example, a longitudinal study of 1,043 UK
women found that low maternal warmth and an oppressive parental relationship
significantly predicted the future onset of BED (Micali et al., 2017). Similarly,
parental depression (Fairburn et al., 1998), substance abuse (Boswell & Grilo, 2021),
anxiety (Striegel-Moore et al., 2007), and disordered eating behaviours (Manwaring
et al., 2006) also elevate risk of BED. Weight and shape related stigmatisation, both
within and outside of the family, also increase risk for BED (Almeida et al., 2011;
Fairburn et al., 1998; Goncalves et al., 2014; Pike et al., 2006), as does non-weight
and shape-based bullying in childhood, as demonstrated by longitudinal and
retrospective interview studies (Copeland et al., 2015; Striegel-Moore et al., 2002).

Childhood experiences of trauma or abuse are also linked to elevated BED risk. A
systematic review of studies examining the effect of abuse during childhood and
adolescence on the development of obesity and BED reported that, based on 10
studies conducted in BED, there is strong evidence to support the relationship
between trauma and the development of BED in adulthood (Palmisano et al., 2016).
This association between adulthood BED and trauma was strongest when the abuse
started at an early age or when the abuse was more severe (Palmisano et al., 2016).
These findings are consistent with those reported in a large meta-analysis
investigating the effect of abuse on general ED risk (Caslini et al., 2016). However, it
should be noted that almost all studies linking childhood abuse to BED use
retrospective study designs and, therefore, findings should be interpreted with
caution given the possibility of recall bias (Caslini et al., 2016). Future prospective
longitudinal studies will help to clarify aetiological pathways from abuse to BED, as

well as influential protective factors.

Mixed findings have been reported with regards to the effect of socioeconomic status
on BED and binge eating behaviour; on the one hand, one cross-sectional study of
475 people in the Detroit metropolitan area found that lower income was associated
with increased frequency of binge eating in women, but not men (Reagan & Hersch,
2005). On the other hand, larger Australian studies of 4,200 and 6,041 people,
respectively, found no association between household income and binge eating (Hay,
1998; Mulders-Jones et al., 2017). Additionally, a recent study of 35,306 American
adults also failed to find an association between income level and risk for BED (Udo

& Grilo, 2018). However, emerging evidence suggests that household food-
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insecurity, a direct by-product of low socioeconomic status, is a specific risk factor
for developing BED (Becker, et al., 2019; Bruening, et al., 2012; Rasmusson, et al.,
2018). As such, more numerous and more representative data are needed to facilitate

a nuanced understanding of socioeconomic risk factors for BED.

Finally, while female sex is a significant risk factor for developing AN or BN, BED
risk appears to be comparable among men and women. Although few studies have
examined ED risk in transgender and gender non-binary populations, disordered
eating behaviours in general are estimated to be 2-4 times more likely in transgender
and non-binary people (Gordon et al., 2021; Uniacke, Glasofer, Devlin, Bockting, &
Attia, 2021). Similarly, sexual minority groups are reported to be disproportionately
affected by EDs, including BED (Kamody et al., 2020). Findings relating to ethnic
and cultural differences in ED diagnoses and risk factors have been mixed. Overall,
most findings appear to suggest that ED affect ethnic minorities as much as they do
White populations, and that there are more overlapping risk factors shared among
various ethnic groups than differences (Cheng et al., 2019; Rodgers et al., 2018).
Where differences are reported, they largely relate to the extent to which different
ethnic groups value and celebrate thinness (i.e., the ‘thin-ideal’). For example,
several studies found that Asian American women report significantly higher thin-
ideal internalisation than both White and African American women, and that African
American women reported lower levels of body dissatisfaction than White and Asian
American women (Cheng et al., 2019; Herbozo et al., 2017; Martin & Racine, 2017,
Rubin et al., 2003). Importantly, stigma and stereotypes associated with gender,
ethnicity, mental health status, weight, age, and various disadvantaged positions,
such as disability and lack of resources, may decrease the visibility of BED (Becker,
et al., 2003; Puhl & Suh, 2015). As such, these individuals may be at greater risk of
undetected BED.

1.2.3 Genetic risk factors

Although genetic factors have been implicated in the aetiology of EDs, studies of
molecular genetics in EDs have been limited, and most have focused on AN.
Nevertheless, heritability of current BED is estimated to be between 41% and 57%,
with somewhat lower estimates of heritability found in twin studies (Bulik et al.,
2003; Mitchell et al., 2010; Reichborn-Kjennerud et al., 2004) versus a case-control
study (Javaras et al., 2008). Heritability of binge eating behaviour, in general, has

40



been found to be as high as 70% to 74% (Root et al., 2010).

Most studies of genetic risk factors for BED have focused on candidate genes, and a
recent systematic review of 21 such studies reported that 11 single-nucleotide
polymorphisms (SNPs) across 9 genes have been associated with BED (Manfredi et
al., 2021). These include polymorphisms of the serotonin (SHT) transporter gene (5-
HTTLPR), dopamine (D2) receptor/ankyrin gene (TaqlA, A118G, and rs2283265),
the COMT gene (Vall58Met), the glucocorticoid receptor gene (rs6198), the
melanocortin 4 receptor gene (Vall03Ile, Ile251Leu), brain-derived neurotrophic
factor (rs626), and the ghrelin gene (Leu72Met) (Manfredi et al., 2021). Relating to
the serotonergic system, one study which compared participants with BED with
obesity (n = 77) with weight-matched controls (n=61) found that both the LL
genotype and the L allele of 5-HTTLPR occurred significantly more frequently in
BED than in healthy subjects (Monteleone, et al., 2006). The L allele of HTTLPR is
associated with increased transcriptional efficiency. As such, the authors
hypothesised that subjects homozygous for this allele may express a higher number
of SHT transporter sites at their serotonergic synapses, leading to higher SHT
reuptake activity and reduced SHT availability in the synaptic cleft. Indeed, low SHT
availability has been shown to be linked to compulsive eating in animal studies
(Blundell, 1986). However, the association between SHT transporter polymorphism
and BED with obesity was not replicated in a later study comparing participants with
obesity (n = 69, of which 31 also met criteria for BED) and overweight (n = 24) to
“healthy weight” controls (n = 62) (Palmeira et al., 2019).

In the dopaminergic system, several studies have reported that the Taql A
polymorphism may have a crucial role in BED aetiology (Davis et al., 2008; Davis et
al., 2009; Davis et al., 2012; Palacios et al., 2018). In one study, Taql A was found to
moderate reward sensitivity among individuals with obesity with BED (n = 56), and
not weight-matched controls (n=51), who carry the A1 allele (Davis et al., 2008).
However, this finding was not replicated in later studies, although these used smaller
samples [n = 69, of which 31 also met criteria for BED in Palmeira et al. (2019) and
n = 21 with obesity with BED in Rodriguez-Lopez et al. (2021)]. Also relating to the
dopaminergic system, Davis et al. (2009) found that SNPs of OPRM1 and DRD2
may distinguish obesity with BED (n = 66) from obesity without BED (n = 70).

Specifically, the authors found that a significantly greater number of participants
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with obesity had the “loss-of-function” A1 allele of Taql A than BED counterparts,
and that the “gain-of-function” G allele of A118G occurred with greater frequency in
the BED group. Similarly, Davis et al. (2012) genotyped functional markers of the
D2 receptor in adults with obesity with and without BED (n =79 and n =151,
respectively). Here, the authors reported that a significantly greater proportion of
participants with BED, as opposed to weight-matched controls, were homozygous
for the A2 allele of the Taql A polymorphism. Participants with obesity with BED
also had a significantly higher frequency of the T homozygous genotype of the
C957T marker and were about half as likely to carry the minor T allele of rs2283265.
Taken together, these findings suggest that BED may be associated with genetic

polymorphisms linked to enhanced dopamine transmission.

One study has reported that polymorphism of the COMT gene was associated with
BED. In their investigation of the Val(108/158)Met polymorphism in participants
with obesity with BED (n = 21) and participants with overweight or obesity without
BED (n =23 and n = 25, respectively), Leehr et al. (2016) found that Met/Met
homozygous individuals obesity with BED displayed greater deficits in inhibitory
control than participants with obesity with BED without the SNP. The authors
suggest that this SNP may indicate a specific group in the BED spectrum that is
characterised by higher behavioural impulsivity, however, it is important to
acknowledge the small sample used in this study. Relatedly, in their study of BDNF
gene variation in eating disorders, Ceccarini et al. (2020) found that the rs6265
polymorphism, in the coding region Val66Met of the BDNF gene, showed a strong
association with BED (n = 130) and AN (n=311), as opposed to healthy-weight
controls with no history of ED (n = 355). These two conditions have different and
specific phenotypic characteristics, suggesting that BDNF could have a crucial role

in food intake control and participate in the regulation of both pathways.

Polymorphisms of the glucocorticoid receptor gene and the melanocortin 4 receptor
(MCA4R), both of which are involved in the regulation of food intake, have also been
reported in BED. First, in their study of polymorphisms of the glucocorticoid
receptor gene in EDs (nan =118, ngn = 108, NBED with or without obesity = 62), obesity (n =
177) and healthy-weight controls (n = 121), Cellini et al. (2010) found that the
rs6198 polymorphism was exclusively associated with binge eating symptoms (i.e.,

no other association between the different glucocorticoid receptor polymorphisms
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and other ED diagnoses were observed). The authors explained their findings by
stating that cortisol secretion is an essential component of the stress response, and
stress and negative affect are the most cited antecedents of binge eating. Second, two
studies have found that a significantly greater proportion of mutation carriers on the
MC4R gene present with obesity with binge eating, compared with noncarriers with
obesity only: in their study of MC4R gene mutations in obesity with and without
BED (n =47 and n = 247, respectively), Potoczna et al. (2004) found that 100% of
participants identified as carriers of the MC4R mutation met criteria for BED (n=19).
Similarly, in their study involving 494 participants with severe obesity, 100% of
MC4R mutation carriers met criteria for BED (n=25). However, this finding was not
replicated in a study by a separate research group (Hebebrand et al., 2004). Finally,
in their study of the ghrelin gene mutations in obesity with and without BED (n =90
and n = 119, respectively), Monteleone et al. (2007) found a significant association
between the Leu72Met polymorphism of the ghrelin gene and obesity with BED.
Their results seem to suggest that this ghrelin gene variant may confer a moderate
but significant risk for developing BED, although they cannot exclude that some
unexplored factors could be involved in this association. Indeed, other studies did not
find this association between Leu72Met polymorphism of the ghrelin gene and
obesity with BED, although non-significant findings may be explained by small
sample sizes [n = 38 in Kindler et al. (2011) and n = 31 in Palmeira et al. (2019)].

Although no genome wide association study (GWAS) of BED has been carried out,
one study has used polygenic risk scoring (PRS) to explore differences between AN
(n=768), BN (n =423) and BED with and without obesity (n = 561), relative to
healthy-weight controls with no history of disordered eating (n = 15,500) (Hubel et
al., 2021). This study found that BED was positively associated with PRS for
schizophrenia, major depressive disorder, and ADHD, as well as PRS for several
anthropometric traits including waist circumference, hip circumference, overweight,
obesity, and childhood obesity. Furthermore, BED was negatively associated with
the age at menarche PRS, meaning that increased genetic risk for BED was
associated with increased genetic risk for earlier age at menarche. Of interest, this
study was the first to show that while genetic risk for other psychiatric disorders was
comparable across EDs, the association between genetic risk for anthropometric

traits diverged considerably between AN and BED, suggesting divergent underlying
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biology in body mass regulation.

Overall, these studies provide a useful ‘first look’ at the possible genetic factors
involved in BED, however, given the small number of studies, the absence of
replication studies, and the frequent reliance on small samples, findings should be
viewed as preliminary. Future GWAS with larger sample sizes will be helpful in
clarifying allelic variants which pose genetic risk for BED, as well as relevant gene
by environment interactions. Indeed, findings from two ongoing GWAS in BED are

anticipated (Bulik et al., 2020; Bulik et al., 2021).
1.3 Neurobiology of BED
1.3.1 Neuroendocrinology of BED

Studies of BED endocrinology are limited, and findings are mixed. Nevertheless, the
available literature provides evidence that altered neuroendocrine functioning is
associated with binge eating. This literature suggests that alterations to central and
peripheral hormones involved in food-intake regulation, stress, and reward
processing may have a direct pathogenetic role in promoting and/or maintaining

binge eating in BED (Marciello et al., 2020).
1.3.1.1 Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis is one of the main stress response pathways and, given that stress is a
well-established precursor to binge eating, several studies have examined HPA axis
functioning in BED (Marciello et al., 2020). The HPA axis is a hormonal response to
stress which 1s modulated by excitatory and inhibitory neurotransmitter systems in
the hypothalamus. During conditions of stress, hormones are released from the
hypothalamus (corticotropin-releasing factor [CRF] and arginine vasopressin [AVP])
into the blood vessels which connect the hypothalamus and the pituitary gland. These
hormones stimulate the anterior pituitary gland prompting the secretion of
adrenocorticotropic hormone (ACTH) into the blood stream. ACTH then induces
glucocorticoid (primarily cortisol) synthesis and release from the adrenal glands,

located in the kidneys (Stephens & Wand, 2012).

Studies of HPA axis functioning in BED have yielded inconsistent results. Some
have reported significant positive correlations between circulating cortisol levels and

self-reported binge eating behaviour (Coutinho et al., 2007; Gluck, 2006; Gluck et
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al., 2004a; but not Monteleone, et al., 2000; Monteleone et al., 2003). Similarly,
some studies have reported a greater cortisol response to stress in individuals with
obesity with BED than individuals with obesity without BED (Gluck et al., 2004a;
Gluck, et al., 2004b; but not Schulz, et al., 2011), while others have suggested a
downregulation of the HPA axis in patients with obesity who meet criteria for BED
(Larsen et al., 2009; Lavagnino et al., 2014; Rosenberg et al., 2013). Studies have
also attempted to disentangle the effects of obesity on HPA axis functioning from
those of binge eating in BED, however, the nature of the relationship remains
elusive. One study has reported a significant positive correlation between the cortisol
response during stress and waist circumference in women with obesity and BED but
not in those without BED (Gluck et al., 2004a), suggesting that binge eating may
mediate the relationship between stress and obesity-related metabolic abnormalities.
However, later studies failed to replicate this finding (Chao et al., 2016; Larsen et al.,

2009).

Overall, the available evidence suggests that altered HPA axis may be common
among people with BED, although the nature of this dysfunction remains unclear.
Inconsistent findings may be explained by the wide range of methods used to
measure cortisol levels/response, heterogeneity in clinical and control samples used,
and/or by psychiatric comorbidities that may differently affect HPA axis functioning.
Indeed, dysregulation of the HPA axis has been documented in mood and anxiety
disorders (Watson & Mackin, 2006), which frequently co-occur with BED (Udo &
Grilo, 2019).

1.3.1.2  Gastrointestinal Tract and Adipose Tissue Hormones

Substances produced in the gastrointestinal tract and adipose tissue also play a
crucial role in food-intake regulation, and altered pre- and post-meal peptide
signalling may contribute to disturbed food intake (i.e., binge eating) in BED.
Orexigenic (appetite-stimulating, e.g., ghrelin) and anorexigenic (appetite-reducing,
e.g., cholecystokinin [CCK], glucagon-like peptide-1 [GLP-1], peptide Y'Y, and
leptin) peptides act as signals for brain structures involved in homeostatic regulation
(e.g., the hypothalamus), reward system functioning (e.g., the striatum) and cognitive
control (e.g., the prefrontal cortex) (Marciello et al., 2020). With regards to appetite-
stimulating hormones, two studies have reported that individuals with obesity with
BED exhibit lower pre- and post-meal total ghrelin levels than controls with obesity
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without BED (Geliebter, et al., 2004; Monteleone, et al., 2005a). This suggests that
disturbed ghrelin signalling may contribute to binge eating behaviour. However, as
study sample sizes were small [n = 24 in Geliebter et al. (2004) and n =47 in
Monteleone et al. (2005a)] and neither study matched cases and controls for BMI, it
is possible that this association may be explained by weight, such that higher body
weight is associated with lower levels of pre- and post-meal total ghrelin. Indeed, in
both studies mean BMI was significantly higher in the group with BED, as opposed
to the group with obesity only. Nevertheless, Geliebter, et al. (2008) found that,
following brief cognitive behaviour therapy (CBT) and dietetic support, normal
concentrations of pre-meal total ghrelin were observed in women with obesity and

BED (n = 10), suggesting that pre-meal ghrelin release may normalise with recovery.

Studies have also reported blunted post-meal levels of a range of satiety-inducing
peptides, including CCK, GLP-1, peptide YY, and leptin, in BN and BED. For
example, two studies have examined post-meal GLP-1 release in participants with
BN (Dossat et al., 2014) and participants with obesity with BED (Geliebter et al.,
2008). These report that BN and obesity with BED are associated with blunted post
meal GLP-1 release relative to healthy-weight, but not obese, controls (Culbert et al.,
2016). However, given that participants with BN were, on average, overweight
(mean BMI = 28.6), alterations to satiety producing hormones may be more closely
related to weight than binge eating behaviour. Higher fasting levels of peptide YY
but similar post-meal peptide Y'Y release have also been reported in individuals with
obesity with BED compared to individuals with obesity without BED (Marciello et
al., 2020). Thus, dysregulation in sensitivity to PYY’s satiating signals may also
contribute to elevated hunger and overeating in participants who meet criteria for
both obesity and BED. Leptin, which is secreted from the adipose tissue, also acts as
a satiety signal in the hypothalamus, and altered leptin secretion has been reported in

obesity with and without BED (Geliebter et al., 2005; Geliebter et al., 2004).

Finally, reduced insulin sensitivity may also influence binge eating behaviour. For
example, in BED, some studies have reported that fasting levels of adiponectin, a
protein hormone produced by adipocytes that modulate insulin sensitivity, are
decreased in women with BED (with and without obesity), when compared with
healthy-weight controls with no history of ED (Abraham, et al., 2014; Monteleone et
al., 2003, not Geliebter et al., 2005), although this may be explained by differences in
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BML. Indeed, insulin resistance is a common obesity-related sequelae.
1.3.1.3 Endocannabinoids

The endocannabinoid system, consisting of two cannabinoid receptors (CB1 and
CB2) and the endogenous ligands anandamide (arachidonoylethanolamide [AEA]
and 2-arachidonoylglycerol [2-AG]), influences homeostatic and hedonic feeding
behaviour (Cota et al., 2003), and alterations in endocannabinoid signalling have
been reported in BED (Marciello et al., 2020). In a first study, plasma levels of AEA
and 2-AG were measured in healthy-weight women with no history of ED (n = 15)
and women with AN (n=15), BN (n = 12) and BED with and without obesity (n =
11). Relative to healthy controls, plasma concentrations of AEA were increased in
women with BED, but not BN or AN, and there was no significant difference in
plasma levels of 2-AG between women with BED and healthy-weight controls
(Monteleone et al., 2005b). The authors suggested that this reflects an
endocannabinoid-induced potentiation of the drive to eat, possibly contributing to
elevated levels of binge eating in BED. Moreover, it was suggested that in women
with BED, the enhanced levels of plasma AEA could reinforce the hedonic
properties of binge eating, thus perpetuating binge eating behaviour. Consistent with
this hypothesis, a subsequent uncontrolled pre/post study showed distinctive
responses of endocannabinoids to food-related rewards in participants with obesity
and BED before and after food consumption (Monteleone et al., 2017). Specifically,
Monteleone and colleagues (2017) found that plasma levels of AEA decreased after
eating non-favourite food and increased after eating a favourite food. Moreover, self-
reported sensations of “urge to eat” and of “pleasantness while eating" were
positively correlated with meal-induced secretion of peripheral AEA, while self-
reported sensations of “pleasantness while eating” and the amount of food eaten were

positively correlated with meal-induced production of peripheral 2-AG.
1.4 Executive functioning in BED

Executive functioning (also termed ‘cognitive control’) is a multidimensional
construct which refers to the collection of “top-down” processes that allow
individuals to adapt information processing and behaviours according to their goals
(Diamond, 2013). These processes, which rely on prefrontal and subcortical neural

systems, are integral components of self-regulation and are essential for adaptive
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emotional, social, and physical functioning (Hofmann et al., 2012). Executive
dysfunction has been reported in BED; indeed, neuropsychological studies have
described difficulties across inhibitory control, attentional control, cognitive
flexibility, problem solving and decision-making domains (Blume et al., 2019;
Boswell & Grilo, 2021; Cury et al., 2020; Iceta et al., 2021; Smith et al., 2018).
However, findings are inconsistent and inconclusive (Cury et al., 2020), so the exact

nature of the BED neuropsychological phenotype remains unclear.
1.4.1 Response inhibition

One prominent line of inquiry relates to difficulties with inhibition control and, by
extension, impulsivity (Gullo et al., 2014). Here, inhibition control refers to the
overriding of a planned or already initiated action (e.g., responding to a stimulus, or
seeking a reward; Bari & Robbins, 2013), and it is hypothesised that BED may be
characterised by difficulties inhibiting pre-potent actions, particularly in the context
of high-calorie food (e.g., Balodis et al., 2013). However, at present it is not clear if
inhibitory control processes are impaired in obesity in general or more specifically
related to binge eating behaviour, and therefore BED. Indeed, reduced inhibition
control has been reported in individuals with obesity with and without BED, when
compared to controls with “healthy” weight, but at times these groups do not differ
from each other (Lavagnino et al., 2016), suggesting that cognitive impairment may

not solely be related to binge eating.

Two recent meta-analyses of studies using the Stop Signal Task concluded that there
was no significant difference between participants with obesity and BED, versus
participants with obesity without BED (Lavigno et al., 2016; Cury et al., 2020).
Similarly, where inhibitory control has been assessed using the go/no-go paradigm
findings are inconsistent. While two studies have reported that participants with BED
make more commission errors (i.e., ‘false alarm’ responses) than controls with
obesity (Cordova et al., 2017; Hege et al., 2015), several other studies observed no
evidence for a difference between BED and obesity (Blume et al., 2018; Kollei et al.,
2018; Loeber et al., 2018; Lyu et al., 2017; Oliva et al., 2019) or normal weight
comparison groups (Kollei et al., 2018; Loeber et al., 2018). Of note however,
studies reporting no difference between BED and obesity frequently identified other
factors which may moderate differences between-groups (Lyu et al., 2017; Kollei et
al., 2018; Loeber et al., 2018; Oliva et al., 2019). For example, Kollei et al (2018)
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observed that self-reported hunger significantly influenced task performance by
increasing inhibition deficits to high-caloric stimuli in participants with BED, but not
those without BED. Similarly, Loeber et al (2018) reported that differences between
participants with BED, obesity and normal weight were moderated by restrained
eating behaviour and mood. Specifically, the authors reported that participants with
obesity and BED made more commission errors on trials involving food-related
stimuli when they also reported restrained eating behaviours and current positive
mood. Heterogenous findings may also be explained by differences between the
tasks used to assess response inhibition. Indeed, neuroimaging studies in healthy
samples have shown that withholding a response (as in the go/no-go task) and
stopping a response (as in the stop signal task) involve overlapping yet distinct neural

and molecular mechanisms (Eagle et al., 2008; Swick et al., 2011).

Only a handful of neuroimaging studies have been published to date and only two of
these have investigated response inhibition. In one study using a food-specific go/no-
go task during magnetoencephalography (MEG), individuals with obesity with BED
(n=13) showed lower recruitment of prefrontal brain regions during response
inhibition (i.e., no-go trials) than controls with overweight or obesity (n = 14),
despite comparable task performance (i.e., equivalent reaction times and accuracy;
Hege et al., 2015). Specifically, it was reported that withholding a response (i.e.,
successful no-go) was associated with stronger activity in the right dorsolateral
prefrontal cortex (DLPFC) and the left and right superior medial prefrontal areas, and
that, compared to participants with obesity, participants in the BED group showed
weaker activity in these regions for trials using food (as opposed to toy) stimuli that
required a no-go response. In another study, the colour-word Stroop task was
administered to adults with obesity and BED (n = 11), adults with obesity without
BED (n = 13), and adults with “healthy” weight (n = 11) during functional magnetic
resonance imaging (fMRI). Here, it was reported that mean blood oxygen-level
dependent (BOLD) signal for the Stroop effect (i.e., contrasting incongruent trials
with congruent trials) was diminished in the ventromedial prefrontal cortex
(vmPFC), inferior frontal gyrus (IFG), and insula in the BED group, relative to
controls with and without obesity (Balodis et al., 2013), and that reduced BOLD
signalling in the right IFG and vmPFC was negatively correlated with dietary
restraint in BED participants. Together, these findings suggest that BED may be

49



distinguished from obesity by a diminished ability to recruit impulse-control-related
brain regions, and that this may contribute to difficulties with food-intake regulation

in BED. However, more studies in larger samples are needed.
1.4.2 Attention control

Attention control refers to the ability to select and direct attention to stimuli that are
goal relevant. This process has been divided into three sub-processes — alerting,
orienting, and cognitive interference control, also called executive control of
attention (Petersen & Posner, 2012). Alerting refers to the ability to focus attention
on upcoming events and involves responding to a cue with an alert state that is then
maintained. Orienting and reorienting relate to shifting attention to a stimulus outside
one’s current focus. Cognitive interference control involves ignoring or suppressing
irrelevant information or a competing stimulus in order to maintain a goal. It is
proposed that difficulties with cognitive interference control may contribute to
difficulty inhibiting attention to urges or cravings and, therefore, drive binge eating
behaviour (Voon, 2015). In line with this, meta-analysis of behavioural studies which
investigated cognitive interference control in binge-type eating disorders concluded
that overall, binge-type EDs showed difficulties with interference control, relative to
healthy controls, and that difficulties were most pronounced in the context of high-

calorie food (Wu et al., 2013).

Relatedly, studies have shown the presence of food-related attention biases in
individuals with eating and weight disorders. These studies suggest that individuals
with obesity and BED tend to be hyper-vigilant to food stimuli, particularly high-
calorie food stimuli, and experience difficulty turning attention away from food
(Brooks et al., 2011; Hendrikse et al., 2015). This attention bias towards food is
common in the population with obesity (Castellanos et al., 2009; Nijs & Franken,
2012; Nijs et al., 2010; Werthmann et al., 2011) and, therefore, may be related to
increased BMI. Indeed, it has been shown that increased BMI is associated with
increased attention bias towards food words in a Stroop task (Calitri et al., 2010), and
that weight loss following bariatric surgery was associated with reduced attention
bias towards food at 6-month follow-up (Giel et al., 2014). However, attention bias
towards food may be more severe among individuals who binge eat (Albery et al.,
2016; Schag et al., 2013; Stojek et al., 2018), suggesting that factors beyond high
BMI may contribute to food-related attention disturbance.
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Attention bias models of binge eating behaviour emphasise the role of appetitive
motivation and incentive salience (Berridge, 2009). Thus, the presence of an
attention bias towards food is indicative of elevated food-related reward sensitivity.
These models suggest that conditioned palatable food cues (i.e., high-calorie food
cues) elicit attention bias toward those stimuli, exacerbating cravings and motivation
to eat, resulting in binge eating episodes (Stojek et al., 2018). Consistent with this
hypothesis, several studies using eye-tracking to evaluate visual attention for food
have shown that, when compared to age and weight-matched controls without BED,
adults with BED show delayed disengagement from high-calorie food and body
stimuli at long stimulus durations (Popien et al., 2015; Schag et al., 2021; Svaldi et
al., 2011) and rapid orienting to food stimuli, in general, at short (i.e., pre-attentive)
presentation durations (Schmitz et al., 2014; Svaldi et al., 2015). Moreover, an eye-
tracking study in adolescents found that participants with BED were quicker to
identify food, as opposed to non-food stimuli in a visual search task, and that
adolescents with BED had greater difficulty disengaging with high- and low-calorie
food cues than controls matched for age and BMI (Schmidt, et al., 2016). Similarly,
studies using visual probe paradigms have reported hyper-vigilance for high-calorie
food stimuli in BED, as demonstrated by short response latencies when the probe
replaced a food, as opposed to non-food, stimulus (Deluchi et al., 2017; Schmitz et
al., 2014), and difficulties disengaging with food stimuli, as demonstrated by longer
response latencies when food-stimuli were presented for longer periods of time

(Deluchi et al., 2017 but not Schmitz et al., 2014).

Neurophysiological and neuroimaging studies also lend support to the attention-bias
model for BED, with converging evidence pointing to altered function in cortical and
striatal regions. The striatum and insula have been associated with reward sensitivity
and impulsivity in BED. For example, in a study that investigated high-calorie food
cue reactivity in adults with BN (n = 14) and BED (n = 17), compared to controls
with normal weight (n = 18) or obesity (n = 17) it was reported that BOLD signal in
the left ventral striatum following food cue (as oppose to neutral cue) exposure was
stronger in participants with BED than in those with BN, and that BOLD signal in
the right ventral striatum following food cue (as opposed to neutral cue) exposure
was stronger in participants with BED than in those with obesity or normal weight

(Weygandt et al., 2012). In another study, reward anticipation during go/no go trials
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using food (as opposed to neutral) stimuli, was associated with bilateral decreases in
ventral-striatal activation in individuals with obesity and BED, relative to
participants with obesity only (Balodis et al., 2013). Additionally, imaging studies
have described functional differences between participants with and without BED in
prefrontal networks (diminished BOLD signalling in BED) associated with habitual
learning (Voon, 2015) and impulse control (Balodis et al., 2015; Hege et al., 2015),
as well as structural differences (reduced grey-matter volume) in the anterior-

cingulate and medial-orbitofrontal cortices (Balodis et al., 2015).
1.5 Emotion dysregulation

It has been proposed that the relationship between negative affect and BED may
depend on a person’s ability to regulate their emotions. Indeed, a substantial body of
literature suggests that binge eating functions to mitigate negative affect (e.g., Berg
et al., 2015; Leehr et al., 2015) and that, therefore, emotion dysregulation may
increase risk of binge eating. Accordingly, emotion regulation models for binge
eating have proposed that high levels of negative emotionality may predispose
individuals to engage in binge eating as a means of suppressing, alleviating, or
avoiding negative emotions (Heatherton & Baumeister, 1991; Polivy & Herman,
1993). In this way, binge eating behaviour may be maintained by reduced ability to
recognise emotions and resist emotion-driven impulses, and/or a reliance on
maladaptive emotion regulation strategies (Harrison, Sullivan, Tchanturia, &
Treasure, 2010). Indeed, studies have shown that individuals with BED show greater
difficulty applying adaptive emotion regulation strategies, such as cognitive
reappraisal, than healthy controls (e.g., Dingemans & van Furth, 2012) and that
greater reliance on maladaptive emotion regulation strategies is correlated with
greater ED symptom severity (Gianini, et al., 2013; Harrison, et al., 2016; Lavender

et al., 2015; Lavender et al., 2014; Pisetsky, et al., 2017).

Overall, there is strong empirical support for the emotion-regulation hypothesis
(Cardi et al., 2015; Dingemans et al., 2017; Haedt-Matt & Keel, 2011; Leehr et al.,
2015). First, findings from experimental studies generally confirm that negative
emotion serves as an antecedent to binge eating (Agras & Telch, 1998; Chua, et al.,
2004; Gluck, et al., 2004; Hilbert, et al., 2010; Laessle & Schulz, 2009; Rosenberg et
al., 2013; Schulz & Laessle, 2012; but not Dingemans, et al., 2009; Munsch, et al.,
2008; Telch & Agras, 1996). Similarly, studies using ecological momentary
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assessment to longitudinally assess the effect of emotion on eating behaviour in the
natural environment ubiquitously indicate that binge eating is preceded by strong
emotional experiences, albeit not always negative (Berg et al., 2017; Bodell et al.,
2019; Goldschmidt et al., 2012; Hilbert et al., 2009; Hilbert & Tuschen-Caffier,
2007; Munsch et al., 2012; Schaefer et al., 2020; Stein et al., 2007). Second,
regarding the relief component of the emotion regulation model - that is, the proposal
that mood improves after binge eating — findings are mixed and limited. While some
studies have reported post-binge eating reductions in negative affect (Berg et al.,
2017; De Young et al., 2013; Smyth et al., 2007), others have reported that negative
emotion was unchanged following an episode of binge eating (e.g., Hilbert et al.,
2007; Schulz & Laessle, 2010). However, methodological differences relating to
timing and method of pre- and post-binge mood assessment may go some way

towards explaining the heterogenous findings reported.

Emotion regulation ability has been conceptualised as a cognitive control function
involving attention control and higher-order cognitive abilities such as working
memory, long term memory, learning, judgement and reasoning (Ochsner & Gross,
2005). Studies conceptualising emotion regulation in this way highlight that emotion
regulation is an inherently goal-directed behaviour (e.g., Aldao & Tull, 2015;
Bonanno & Burton, 2013; Gross, 2015). In particular, they emphasise that control of
attention towards or away from emotions and the practice of cognitively changing
the meaning of, or salience of, emotionally evocative stimuli, are key components of
emotion regulation (Ochsner & Gross, 2005; Gross, 2015). This framework is
supported by evidence from neuroimaging studies which consistently show that the
use of adaptive emotion regulation strategies, most notably cognitive reappraisal,
engages the frontoparietal network, including the dorsolateral, dorsomedial, and
ventrolateral regions of the prefrontal cortex (i.e., regions central to cognitive
control) (Pruessner et al., 2020). As such, it is possible that the emotion
dysregulation which is characteristic of BED may reflect more generalised

difficulties with cognitive control.
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1.6 Treatment for BED

Evidence-based treatments for BED which are recommended by international
guidelines include psychological therapies and pharmacotherapy (Giel, Bulik, et al.,
2022). These treatments aim to facilitate a reduction in or abstinence from objective
binge eating behaviour and reduce associated ED psychopathology (e.g., craving for
food, concerns about body image, etc). They also aim to achieve improvement in
mood and other psychiatric symptoms, improvement in metabolic indicators of
physical wellbeing, and improvement in quality of life (Giel, Bulik, et al., 2022).
Importantly, weight-related treatment targets in BED are controversial, and best-
practice guidelines instead prioritise behavioural outcomes as a primary treatment
goal for BED. Nevertheless, lifestyle interventions, which typically include weight-
related treatment targets (e.g., behavioural weight loss), have been studied and are

frequently applied in this population (Hilbert et al., 2020).

Psychotherapy and self-help interventions are recommended as a first-line
intervention for BED. Psychotherapy, most commonly based on cognitive behaviour
therapy (CBT), has been shown to produce significant long-term improvements in
binge eating and associated psychopathology, as well as significant reductions in
BMI which endure for 12 months following treatment (Hilbert et al., 2020). RCTs of
CBT in BED are more numerous than studies using other conceptually and
procedurally distinct psychotherapies (e.g., interpersonal psychotherapy or
psychodynamic therapy). However, no evidence for CBT superiority has been
reported (i.e., other psychotherapies with specific interventions for BED may be
equally efficacious) (Hilbert et al., 2020). Similarly, outcomes from structured self-
help treatment have been shown to be comparable to those achieved through
psychotherapy (Hilbert et al., 2019). It is estimated that 53% (95% CI: 45-61) of
patients seeking psychotherapy for BED respond well to treatment (Hilbert et al.,
2020): that is, they achieve a clinically meaningful reduction in or remission from
binge eating behaviour by the end of treatment. In general, those who respond well to
treatment tend to start therapy with low level binging and report an early decrease in
binge frequency. Alternatively, rapid response to treatment, typically defined as a
65% to 70% reduction in binge eating in first four weeks of treatment, has also been
shown to be a significant positive prognostic indicator of recovery (Vall & Wade,

2016; Hilbert et al., 2020).
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Behavioural weight loss (BWL) is not a treatment for BED, but, given that BED and
obesity commonly co-occur, BWL is frequently prescribed (Hilbert et al., 2020).
These interventions aim to encourage weight loss through increased energy
expenditure and reduced energy intake, and they emphasise self-monitoring practices
(e.g., tracking of food consumption and exercise) and the implementation of small,
incremental lifestyle changes, as well as weight-loss targets. In RCTs, psychotherapy
generally outperformed BWL treatment in reducing binge eating episodes and ED
psychopathology in the short term (post-treatment) and led to a significantly higher
remission from binge eating in the longer term (follow-up) (Hilbert, 2019; Hilbert et
al., 2020). In addition, although some studies have concluded that BWL was
associated with greater weight loss in the short term, no differences were maintained
at follow-up (Hilbert, 2019). Thus, BWL treatment was found to be less suited for

the treatment of binge eating symptomatology than psychotherapy.

With respect to pharmacotherapy, studies have examined whether second-generation
antidepressants, anticonvulsants, and central nervous system stimulants, may
alleviate symptoms and facilitate weight loss in BED (Hilbert, 2019). Each of these
agents has been found to provide greater relief from symptoms than placebo,
however, few facilitate weight loss. Due to its effectiveness across both
aforementioned domains, in 2015, lisdexamphetamine (LDX), a central nervous
system stimulant, became the first drug to be approved by the Food and Drug
Administration for the treatment of BED (Schneider et al., 2021). However, the
effect of LDX on ED psychopathology and mood remains unclear, and data on long-
term maintenance of effects are lacking. There are also significant risks associated
with the drug’s use; little is known about the effects of long-term administration, and
rates of adverse events and premature discontinuation of the drug were elevated in

RCTs (Hilbert et al., 2020; Schneider et al., 2021).

There is some evidence to suggest that antidepressant treatment may support
remission from BED. A meta-analysis of seven RCTs (six with SSRIs and one with a
tricyclic) showed significantly higher remission rates in the antidepressant, as
opposed to the placebo, group (40.5% versus 22.2%; Stefano, et al., 2008). Similarly,
preliminary data suggest that the selective serotonin and norepinephrine reuptake
inhibitor, duloxetine, may be effective for reducing binge eating and depressive

symptoms in individuals with BED and co-occurring major depression (Guerdjikova
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et al., 2012). Several antiepileptic drugs have also been evaluated in RCTs (e.g.,
topiramate, zonisamide, and lamotrigine). These trials indicate that antiepileptic
drugs may drive significant reductions in binge eating behaviour and promote weight
loss, however, drop-out/discontinuation rates were high (up to 47%), suggesting
these drugs may not be well tolerated by this population (Carter et al., 2003;
McElroy et al., 2009). Weight loss drugs have also been considered for the treatment
of BED and, although RCTs generally report weight loss following treatment, effects
on binge eating behaviour have been mixed. Moreover, several drugs in this category
that may have shown promise have been removed from the market due to safety
concerns (e.g., dexfenfluramine, sibutramine and rimonabant) (McElroy et al., 2020).
Incretins (e.g., glucagon-like peptide-1 receptor agonists) have yet to be evaluated in

BED.

Finally, while it may be intuitive to think that the combination of psychological
therapy and pharmacotherapy may have a more potent effect on BED symptoms,
there is little empirical support for this hypothesis. Findings from a recent systematic
review indicate that this approach significantly enhanced reductions in binge eating
and weight in only two of 12 trials (both with antiepileptic medications) and
modestly enhanced weight loss, but not binge eating, outcomes in two out of 12 trials

(both with the weight-loss medication orlistat) (Reas & Grilo, 2021).
1.7 Novel options for treatment

According to a recent meta-analysis, almost half of BED patients who complete
treatment continue to struggle with episodes of objective binge eating after treatment
ends (Hilbert et al., 2020), so there remains a pressing need to develop new
treatments that make use of the new knowledge we have about BED neurobiology
and the new technologies available for intervention. Promising avenues for treatment

include neurocognitive training and neuromodulation.
1.7.1 Neurocognitive training

Neurocognitive training aims to achieve behaviour change by enhancing cognitive
control (Boutelle et al., 2020). In BED and obesity, these programmes, which are
delivered via computer or smartphone, typically target food-related inhibition control
or attention bias towards food (Allom et al., 2016; Jones et al., 2016; Turton et al.,

2016). Inhibitory control training uses a stop signal or go/no-go paradigm in which
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participants are repeatedly asked to inhibit responses to stimuli when presented with
a “stop” or “no-go” cue. One feasibility randomised sham-controlled trial (n = 22)
examined the effect of three-sessions of food-specific inhibitory control training in
adults with BED. During training, pictures of high-calorie food items were presented
on the periphery of a computer screen. Those receiving real inhibitory control
training, as opposed to sham, were required to suppress the urge to gaze towards
these pictures, whereas participants in the sham condition were directed to freely
view the screen. Although both the intervention and the control groups decreased
binge eating, neither group reported changes in craving for food, food addiction, or
liking/wanting for food (Giel et al., 2017). In contrast, a proof-of-concept study (n =
49) which evaluated the effect of a single session food-specific, as opposed to
neutral, go/no-go training in women with BN or BED reported no significant
differences in eating behaviour or ED symptoms 24 hours after training (Turton et
al., 2018). However, the authors suggested that given the significant and chronic
nature of ED symptoms in the sample, greater duration and frequency of training

sessions may have been needed to see an impact on behaviour.

Another emerging approach to neurocognitive training which has been evaluated for
use in eating and weight disorders is attention bias modification training (ABMT).
ABMT, which makes use of the visual dot-probe task, aims to reduce attention bias
towards food by training people to respond to (and thus attend to) non-food stimuli
being presented instead of food stimuli. Alternatively, participants are directed to
attend to low-calorie food stimuli and avoid high-calorie food stimuli. Several meta-
analyses support the preliminary potential of ABMT for changing appetitive
behaviours, although effect sizes are small-medium and few studies measured the
long-term maintenance of effects (Fodor et al., 2017; Turton et al., 2016). In obesity,
ABMT has been shown to change attention bias towards chocolate and has been
associated with reduced chocolate intake (Dickson et al., 2016; Kemps et al., 2014;
Schumacher et al., 2016). In fact, one study involving women with obesity (n = 96)
showed that a single session of ABMT modified attention bias towards chocolate in
the short term (24 hours) and that the effect was maintained to one-week post-
treatment (Kemps et al., 2014). In BED, one study (n = 47) reported that a single
session of ABMT which aimed to reduce bias towards food was associated with a

significant short-term reduction in subjective food craving (Schmitz & Svaldi, 2017),
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and an open-label feasibility trial (n =9) using eight weekly sessions of ABMT
reported reduced weight, ED symptoms, binge eating and attention bias towards food

after training and at 3-month follow-up (Boutelle et al., 2016).

Relatedly, one randomised control trial has looked at the therapeutic potential for
approach bias modification in BN and BED (n = 56) (Brockmeyer et al., 2019).
Approach bias modification training involves pushing a joystick away (avoid) or
pulling a joystick towards (approach) in response to a food image. Results showed
significant reductions in episodes of binge eating, ED symptoms, trait food craving,
and food cue reactivity at follow-up. However, food intake, approach bias, and
attention bias toward food did not change (Brockmeyer et al. 2019). Taken together,
these studies demonstrate that there is good preliminary evidence to suggest that
neurocognitive trainings that target food-related cognitive processes may have
therapeutic effects in BED. However, trials to date suggest the magnitude of the
effect may be modest when neurocognitive training is used as a stand-alone

treatment.
1.7.2 Non-invasive brain stimulation (NIBS)

Non-invasive brain stimulation (NIBS) is also emerging as a potentially useful tool
for treating psychological disorders, including BED (Dalton et al., 2018; Dalton et
al., 2017). Transcranial direct current stimulation (tDCS) is a NIBS technique that
may be particularly well suited to the treatment of BED. tDCS is a safe and well
tolerated technique which is inexpensive, portable, easy to use, and suitable for
remote self-administration (Brunoni et al., 2019; Knotkova et al., 2019). In tDCS, a
constant weak direct current is applied via electrodes placed on the scalp to increase
(anodal tDCS) and/or decrease (cathodal tDCS) cortical excitability. This stimulation
produces widespread diffused activation in the brain. Specifically, tDCS modulates
network dynamics within functionally connected areas beyond the cortical regions
located beneath the electrodes. As a result, tDCS may modulate task or symptom
specific neural networks. These changes in cortical excitability outlast the
stimulation period (up to 60 minutes after a single session) and, with repeated

administration, may lead to lasting changes in brain function (Brunoni et al., 2019).

Therapeutically, tDCS has been most rigorously investigated in major depression.

Here, anodal tDCS applied to the left DLPFC has a reliable antidepressant effect in
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non-treatment resistant individuals (Moffa et al., 2018). In EDs, evidence from
proof-of-concept studies suggest that tDCS may be effective for the treatment of
binge-type EDs. In BN, a proof-of-concept RCT (n = 20) with 24-hour follow-up
indicated that a single session of tDCS improves ED psychopathology, reduces
craving for food, reduces urge to binge, and improves self-regulatory control during
reward related decision making (Kekic et al., 2017). In BED, a single-session RCT (n
= 30) using right DLPFC anodal tDCS reported a short-term reduction in craving for
food and desire to binge eat in participants who received real tDCS, as opposed to
sham (Burgess et al., 2016). This finding was replicated in a recent sham-controlled
crossover trial (n = 16): Following a single session of right DLPFC anodal tDCS,
improvements in food-related response inhibition and craving for food were
observed in participants who received real 2mA tDCS stimulation, as opposed to

real-1mA or sham stimulation (Max et al., 2021).

Two studies have examined the effect of multiples sessions of tDCS on BED
symptoms. Firstly, a recent randomised sham-controlled trial involving 32 adults
examined the effect of 10 sessions of tDCS on attention bias towards food, craving
for food, and cognitive flexibility (Afzali et al., 2021). In this trial, tDCS was given
with the anode over the left DLPFC and the cathode over the right DLPFC at an
intensity of 2mA for 20 minutes. Sessions were three times weekly until 10 sessions
had been completed. At post-treatment and 45-day follow-up, real tDCS treatment,
as opposed to sham, was associated with a greater reduction in attention bias towards
food, greater reduction in craving for food, and greater improvement in cognitive
flexibility. However, the effect sizes were small, and the authors acknowledged a
number of important limitations to the study. These include a small sample (N=32)
with unusually low mean BMI (mean BMI=30.35 kg/m?), and concerns about the
effect of poor eye-tracker calibration on the reliability of attention bias outcomes.

Nevertheless, these findings hint that this line of inquiry is worth pursuing.

Secondly, our research group has recently completed an RCT involving 68
participants with BED, where six sessions of tDCS were delivered over 3 weeks,
with tDCS given with the anode over the right-DLPFC and the cathode over the left
DLPFC (see Gordon, Brockmeyer, Schmidt & Campbell, 2019 for study protocol).
In this trial, six sessions of concurrent tDCS and approach bias modification training

were administered to adults with BED over 3 weeks. While no significant differences
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between real and sham groups were observed, real, as opposed to sham, tDCS with
approach bias modification training was associated with a trend for reduced ED
symptomology, reduced BMI, and reduced approach bias towards high-calorie foods
at post-treatment and 8-week follow-up (Gordon, unpublished thesis). Moreover,
qualitative findings revealed that participants viewed the treatment as tolerable and

acceptable (Gordon, Williamson, et al., 2021).

This “online” approach, where tDCS is combined with another neurocognitive
training, is a promising avenue for optimising tDCS treatment. Given that the
efficacy of tDCS depends on the functional state of the brain at the time of
stimulation, greater and longer-lasting neuroplastic effects could be achieved when
tDCS and neurocognitive training co-activate a disorder-related neural network
(Vanderhasselt & Ottaviani, 2022). This may be because, by altering the relationship
between excitatory (glutamatergic) and inhibitory (GABAergic) systems in the brain
(Krause et al., 2013), tDCS creates optimal conditions for memory reconsolidation, a
process which may re-enforce the new learning which takes place during
neurocognitive training. Similarly, when disorder-related stimuli are used,
neurocognitive training promotes the activation of disorder relevant brain regions,
thereby enhancing the effectiveness of stimulation. Consistent with this hypothesis,
several RCTs have reported that concurrent tDCS and neurocognitive training
produced superior outcomes from treatment in adults with anxiety disorders (Heeren
etal., 2015; Heeren et al., 2017) depression (Moffa et al., 2018) and substance use
disorders (Rigi Kooteh, et al., 2019; but not den Uyl, et al., 2018; den Uyl, et al.,
2017).

Given promising preliminary findings from studies using tDCS as a stand-alone
treatment or adjunct to neurocognitive training in BED, continued exploration of
concurrent tDCS with neurocognitive training is warranted. While there are a number
of good candidate adjuncts to tDCS treatment in BED, ABMT may be particularly
well suited to delivery alongside tDCS: it is computer-based and can be carried out
independently and it has demonstrated efficacy when delivered as a stand-alone
treatment in BED. Moreover, previous studies have shown that tDCS augments
attention bias towards salient stimuli (Khajehpour et al, 2022; Clarke et al, 2020;
Heeren et all, 2015), including food (Afzali et al., 2021), and trials in other
psychiatric disorders have shown that, when tDCS and ABMT are delivered
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simultaneously, tDCS may enhance outcomes from ABMT (Myruski et al., 2021).
Given the recent arrival of tDCS devices intended for supervised self-administration,
both ABMT and tDCS can now safely be provided at home, thereby increasing their
accessibility and scalability. This is particularly important given the recent surge in
demand for remotely delivered interventions. Accordingly, this thesis will explore
the therapeutic potential for combining at-home tDCS with food-specific ABMT in
adults with BED.
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1.8 Thesis Overview

Studies suggest that AB towards emotion may contribute to the maintenance of
psychological disorder. NIBS, which has been shown to alter emotional experience
(i.e., mood), may achieve therapeutic effects by altering emotional AB. In Chapter 2,
we present a meta-analysis of studies assessing the effect of NIBS targeting the
DLPFC on emotional AB. Meta-analytic findings showed that there is presently
limited evidence to suggest that NIBS of the DLPFC alters emotional AB. However,
null findings may be explained by methodological heterogeneity or ceiling effects
where healthy samples were used (~2/3 of studies). Indeed, more than 80% of studies
in clinical samples concluded that NIBS altered AB. As such, we recommend

continued research in clinical samples which addresses the limitations discussed.

Importantly, AB may occur in the context of other salient stimuli. Indeed, AB
towards food has been described in obesity with and without BED. Understanding
the extent to which AB towards food distinguishes BED from simple obesity may be
useful for the development of novel interventions. In Chapter 3, we examine AB
towards food in adults with obesity with and without BED using a visual probe task
with eye-tracking. We observed that both groups showed an AB towards high-calorie
food however, only participants with BED showed AB towards low-calorie food.
Additionally, we observed that craving for food, which was significantly higher in
participants with BED, was significantly correlated with AB towards high-calorie
food. As a result, our findings indicate that interventions that directly target AB

towards high-calorie food may have therapeutic potential in BED.

Accordingly, Chapter 4 of this thesis presents a protocol for a randomised controlled
feasibility study of concurrent at-home tDCS with ABMT in adults with BED.
Findings from this trial are presented in Chapters 5 and 6 of this thesis. Overall,
results indicated that the intervention was feasible and acceptable, and associated
with reductions in objective binge eating behaviour, symptoms of low mood, BMI

and AB towards high-calorie food stimuli which were maintained to follow-up.

Finally, Chapter 7 provides a general discussion of the findings presented in thesis.
Here, key findings are summarised and synthesised with the wider literature relating
to neurocognitive training, neuromodulation, and BED. Strengths and limitations are

explored and recommendations for future research are presented.
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Chapter 2. The effect of non-invasive brain stimulation
targeting the dorsolateral prefrontal cortex (DLPFC) on
attention bias towards emotion: A systematic review and

meta-analysis

Author contributions: The review was conceived by the candidate, Professor Ulrike
Schmidt, and Professor Iain Campbell. The literature search was conducted by the
candidate and Amelia Hemmings. Data extraction was conducted by the candidate
and Dr Bethan Dalton and checked by Amelia Hemmings and Dr Lauren Robinson.
The quality assessment for included papers was completed by the candidate, Basak
Ince, Lucy Hyam, Mariana de Padua-Lopes. The candidate completed the data
synthesis and meta-analysis with statistical supervision by Dr Lauren Robinson. The

candidate authored the chapter with constructive feedback from her supervisors.
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Abstract

Background: Attention bias (AB) towards negative emotions has been implicated in
the development and maintenance of psychiatric disorders, such as depression and
anxiety. This AB towards emotion may reflect altered cognitive control of attention,
whereby strong “bottom-up” responses to salient emotional stimuli compromises the
“top-down” control of attention. The dorsolateral prefrontal cortex (DLPFC) is a key
component of the cognitive control network and a common target for non-invasive
brain stimulation (NIBS). As such, the therapeutic effects associated with NIBS
targeting the DLPFC may be related to changes in AB. Thus, we conducted a
systematic review and meta-analysis to investigate the effect of a single session of

NIBS targeting the DLPFC on AB towards emotion in healthy and clinical samples.

Method: A systematic review of the literature was conducted using PsychINFO,
Medline, and Embase databases to identify articles examining the effects of a single
session of transcranial direct current stimulation (tDCS), repetitive transcranial
magnetic stimulation (rTMS) and theta burst stimulation (TBS) targeting the left or
right DLPFC on AB towards emotion in samples with or without psychiatric
disorder. Both up-regulating and down-regulating variants were considered. 35
studies met inclusion criteria. Participants (n = 1, 532) were mostly female (67.3%)
and had a mean age 26.4 years. Results from individual studies were converted to

Hedge’s g and random-effects models were used to estimate the overall effect size.

Results: We found no significant overall effect of unilateral excitatory stimulation
targeting the left (g = -.124, p = .265) or right (g = .246, p = .149) DLPFC on AB
towards emotion. We also found no significant effect for bilateral stimulation of the
DLPFC on AB towards emotion (g = -0.318, p =.139). Few studies applied
inhibitory stimulation to the left or right DLPFC and, overall, findings from these

studies were mixed.

Conclusion: Overall, there is limited evidence to suggest that NIBS targeting the
dorsolateral prefrontal cortex (DLPFC) alters emotional AB. However, as the
literature was highly heterogenous, these findings should be viewed with caution.
Future studies in samples with baseline AB towards emotion (e.g., clinical samples)
using brief multi-session protocols (e.g., 3 sessions) and methodologically sound

outcome measures are needed to clarify the effect of NIBS on AB towards emotion.
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2.1 Introduction

The way in which we respond to emotional challenges is a key determinant of
psychological wellbeing. Accordingly, emotion regulation and the ways in which it may
be improved are key areas for research in psychological medicine. Emotion regulation
refers to the initiation of new, or the alteration of ongoing, emotional responses through
a range of regulatory processes (Ochsner & Gross, 2005). These processes exist along a
continuum ranging from explicit to implicit (i.e., initiated with or without conscious
awareness), and controlled to automatic (i.e., governed by voluntary “top-down” or

stimulus driven “bottom-up” processes) (Braunstein et al., 2017).

Explicit-controlled forms of emotion regulation, most notably cognitive reappraisal, are
thought to be the most effective strategies for regulating negative emotion (Gross,
2014). The voluntary allocation of attention towards or away from emotional stimuli
(i.e., selective attention) is an explicit-controlled form of emotion regulation which has
been linked to reappraisal ability (Braunstein et al., 2017). Indeed, cross-sectional
studies have shown that reappraisal of negative emotional scenes is more effective when
one pays less attention to negative components of the scene (Manera et al., 2014; van
Reekum et al., 2007). Similarly, successful down regulation of negative affect via
reappraisal has been associated with initial attention towards negative stimuli, allowing
for their initial processing, followed by subsequent shifts away from them (Strauss et
al., 2016). However, attention is captured by stimuli with high emotional or
motivational valence in a more automatic (i.e., “bottom-up”) fashion (Lang & Bradley,
2010; Pourtois et al., 2013; Vuilleumier, 2005). Typically, this preference for emotional
information can be modulated via cognitive control processes to facilitate goal-directed
behaviour. However, when cognitive control resources are depleted or bottom up
responses are exaggerated, attention bias (AB) may emerge (Braunstein et al., 2017;

Todd et al., 2012).

AB occurs during the early stages of information processing and refers to a tendency to
preferably detect, orient to, and attend to emotionally salient stimuli, as opposed to
neutral ones (MacLeod & Mathews, 2012; Mathews & MacLeod, 2005). The
hypothesis that AB influences emotion regulation is supported by findings from a
number of experimental studies. For example, studies that used eye-tracking to assess
gaze patterns when completing directed emotion regulation tasks have shown that AB
toward negative stimuli is cross-sectionally correlated with poorer implementation of
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emotion regulation strategies. This was particularly true of cognitive reappraisal which
demands higher levels of “top-down” control than other strategies investigated (e.g.,
suppression or distraction) (Bebko et al., 2011; Manera et al., 2014; Strauss et al., 2016;
van Reekum et al., 2007). Relatedly, AB for negative and/or threatening emotional
stimuli is a well-established transdiagnostic feature of psychological disorder. For
example, studies have shown that when shown an array of emotional stimuli (e.g.,
faces), depressed individuals and those with elevated symptoms of low mood
selectively attend to the negative rather than neutral or positive stimuli (Armstrong &
Olatunji, 2012; De Raedt & Koster, 2010; Le Moult & Gotlib, 2019; Peckham et al.,
2010). Similarly, studies have shown that individuals with anxiety disorders or elevated
trait anxiety show an AB towards threat which is reliably demonstrated with different

paradigms and under a variety of experimental conditions (Bar-Haim et al., 2007).

Neuroimaging studies of emotion regulation have provided some insight into the
mechanisms that may be involved. Findings from several studies in healthy adults
suggest that a functionally connected network of cortico-limbic pathways may play a
central role in the top-down cognitive control of emotional experience (Johnstone et al.,
2007; Ochsner & Gross, 2005, 2008; Seminowicz et al., 2004; Wager et al., 2008),
although the exact nature of this system remains unclear. Broadly, leading theories
argue that during explicit-controlled emotion regulation, prefrontal activity, particularly
that relating to the dorsolateral prefrontal cortex (DLPFC), reduces negative emotion by
influencing subcortical systems implicated in affective appraisal and learning processes
which, in turn, impact emotional experience (e.g., Wager et al., 2008). Indeed, a number
of functional neuroimaging studies have observed that the DLPFC initiates emotion
regulation by causing inhibition of the amygdala (e.g., Siegle, et al., 2007). Conversely,
AB appears to be associated with increased activation in the amygdala (Wager et al.,
2008), which may indicate reduced ability to mobilise the DLPFC resources needed to
initiate “top-down” emotion regulation. In addition, hemispheric specialisation of
emotional processing has also been proposed, with some studies suggesting that
activation in the left DLPFC may be associated with positive mood and the processing
of positive stimuli, whereas activation in the right DLPFC has been linked to negative
mood and the processing of negative stimuli (Canli et al., 1998; Herrington et al., 2010;

Liu et al., 2016; Spielberg et al., 2008).

Recently, a number of studies have investigated whether non-invasive brain stimulation
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(NIBS) targeting prefrontal regions, most commonly the DLPFC, may influence
emotional AB. NIBS techniques alter cortical excitability in superficial regions of the
cortex with relatively high levels of precision and may produce neuroplastic effects that
outlast the stimulation period (~up to 60 minutes following a single session) (Brunoni et
al., 2019). Variants of NIBS include transcranial direct current stimulation (tDCS),
repetitive transcranial magnetic stimulation (rTMS), and theta burst stimulation (TBS).
In tDCS, a constant weak direct current is applied via electrodes placed on the scalp to
increase (anodal tDCS) and/or decrease (cathodal tDCS) cortical excitability (Brunoni et
al., 2019). In rTMS, an electromagnetic field is created by an electric current passing
through a coil which is placed on the scalp directly above the target region. This
produces a secondary electromagnetic field which alters cortical excitability as a
function of stimulation frequency, with high frequency (typically 10 Hz) and low
frequency (typically 1 Hz) stimulation increasing and decreasing cortical excitability,
respectively (Brunoni et al., 2019). In TBS, a variant of rTMS, stimulation is applied in
bursts of three at high frequency (50 Hz) to mimic natural brain activity (i.e.,
endogenous theta oscillations). In general, intermittent TBS protocols are believed to
increase cortical excitability, whereas continuous TBS protocols are believed to reduce

activity in the target region (Brunoni et al., 2019).

In psychiatry, NIBS techniques which target the DLPFC have been shown to produce
reliable and lasting antidepressant effects in clinical samples with depression (Brunoni
et al., 2017), and evidence for therapeutic effects in other psychiatric disorders is rapidly
increasing (Guo et al., 2017; Kekic et al., 2016). Moreover, studies in non-clinical
samples have shown that NIBS targeting the DLPFC may improve attention control, as
measured by classical tasks of executive functioning (Hauer et al., 2019; Sarkis et al.,
2014). Given that AB may have a prominent role in perpetuating maladaptive emotion
regulation, and the central role of the DLPFC, it is possible that the therapeutic effects
associated with NIBS targeting the DLPFC may be related to mechanistic changes in
AB.

2.2 Research questions

The current study aggregates existing published research findings from studies in
healthy and psychiatric populations to examine the following questions using meta-

analysis or, where insufficient data are available, narrative synthesis:
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1) Is there an effect of NIBS targeting the left and/or right DLPFC on AB for

emotional stimuli?

2) Is the effect of NIBS on emotional AB different for different NIBS techniques
(i.e., tDCS, rTMS or TBS)?

3) Is the effect of stimulation on AB different for positive and negative emotional

stimuli?
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2.3 Methods

This review was pre-registered with the PROSPERO (reference: CRD42022369374)
and conducted according to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines (Moher et al., 2009).
2.3.1 Literature Review and Study Selection

Three electronic databases (MEDLINE, Embase, and PsycINFO) were searched (via
OvidSP) from inception until 28th September 2022 using the search terms transcranial
direct current stimulation, transcranial magnetic stimulation, or theta burst stimulation
in combination with emotion, cognitive control, executive function*, attention,
cognitive flexibility, affective flexibility, response inhibition, inhibitory control, Stroop,
affective go, go/no-go, approach, avoid*, stop signal, or hot cognit*. Relevant database-
specific terms (e.g., MESH terms) were used when applicable. Searches were limited to
English and/or German language and to studies involving human participants.
Reference lists of relevant articles and reviews were hand searched for additional

articles; however, no additional articles were identified using this method.

Two authors (M.F. and A.H.) conducted the abstract and full-text review independently
using an identical review protocol. The initial level of agreement between raters was
high for both the abstract (intraclass correlation coefficient (ICC) =.879) and full-text
review (ICC =.972). Any discrepancies during the full-text review were resolved by
consensus. Suitable studies were selected for inclusion according to the following
criteria; (1) adult human study population; (2) application of a single session of
excitatory or inhibitory rTMS, tDCS or TBS targeting the DLPFC; (3) comparison of
active stimulation to sham stimulation or stimulation of a control site (e.g., the vertex);
(4) inclusion of at least one task measure of emotional AB. Emotional AB was defined
as the selective attention towards emotional stimuli of any valence. As such, suitable
paradigms for outcome measure assessment included (but were not limited to) go/no-go,
Stroop, dot-probe and attention engagement/disengagement tasks using emotional
stimuli (e.g., emotional images, images of emotive faces, or emotionally salient words).
All papers that did not meet the inclusion criteria were excluded, with the reasons

documented (see Figure 2.1).
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Figure 2.1. PRISMA Flow Diagram
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2.3.2 Assessment of Bias

Methodological quality was coded independently (M.F., L.H., M.A., and B.I.) using the
Cochrane risk of bias assessment tool. The initial level of agreement between raters was
high (87%). Discrepancies were resolved by discussion, in which a consensus rating
was assigned. Ratings of “low”, “high”, and “some concerns” were assigned to each
dimension based on the criteria outlined by the Cochrane Collaboration (Higgins et al.,

2011).
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2.3.3 Data extraction

Two reviewers (B.D. and M.F.) extracted data from all included studies into an
electronic summary table, which was then checked by two other reviewers (A.H. and
L.R.). Data extracted included sample size, participant characteristics (age, % female),
type of stimulation (rTMS, tDCS or TBS), lateralisation, localisation method, sham
methodology or control site, stimulation duration, stimulation protocol (e.g., excitatory
or inhibitory stimulation, stimulation intensity, electrode placement for tDCS, and
number of pulses for rTMS and TBS) and factors related to the outcome measures (e.g.,
stimuli used, assessment paradigm) and relevant statistics (i.e., mean, standard
deviations (SD), F-value, T-value). A plot digitiser program (Rohatgi, 2017) was used
to estimate means and SD when data was available in chart form only. When SD was

not reported, it was estimated from standard error (SE) using the equation SD = SE x \n.
2.3.4 Effect size calculation

Effect sizes were coded such that negative effect sizes reflect reduced AB following
active stimulation. When applicable, the correlation between outcome measures for
repeated measure study designs was imputed using the paired sample T-statistic and
formulas outlined in Morris and DeShon (2002); the formula T =\F was used to
estimate the paired T-test statistic from the one-way analysis of variance (ANOVA) F-
statistic (Lipsey and Wilson, 2001). Otherwise, a default correlation of .5 was imputed.
This approach provides a conservative estimate of effect size without ignoring within-

subject aspects of the study design (Follmann et al., 1992).

If multiple studies were published using the same participants, to prevent homogeneity
inflation due to correlated data, only the study with the largest sample was included in
the analyses. In studies that administered more than one relevant outcome measure to
the same participants, effect sizes were averaged across outcomes to create a study-
specific composite score and the variance was calculated using the method outlined by
Borenstein, Hedges, Higgins & Rothenstein (2009). If studies used multiple active
stimulation groups (e.g., clinical and non-clinical groups), each independent study-
subgroup was treated as a separate study for all data analyses. This resulted in a single
effect size estimate for each study and/or independent study-subgroup for each meta-

analysis.
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2.3.5 Procedure

We conducted a meta-analysis of studies using unilateral stimulation to increase cortical
excitability (i.e., anodal tDCS, high frequency rTMS, and intermittent theta burst
stimulation; number of studies (k) = 22) at the left and right DLPFC respectively. A
meta-analysis of studies using bilateral tDCS to simultaneously excite and inhibit
DLPFC activity was also conducted (k = 6). As there were too few studies utilising
cathodal tDCS (k = 2), low frequency rTMS (k = 3) or continuous TBS (cTBS; k= 2),

findings pertaining to these studies were evaluated using narrative synthesis.
2.3.6 Statistical Analyses

Statistical analyses were conducted using STATA (StataCorp, 2017) ‘metan’ command.
Sub-group analyses were then conducted to assess the effect of each stimulation
technique (‘subgroup(technique)). Prior to analyses, effect size data for individual
studies were inspected for extreme outliers (+3 SDs from the mean effect size across
studies) however, none were identified. Heterogeneity was suspected a priori, therefore
random-effects meta-analysis was used (Hedges & Vevea, 1998). The standardised
mean difference was used in this meta-analysis as a summary statistic. The standardised
mean difference expresses the size of the exposure effect in each study relative to the
variability observed in that study. Here, the standardised mean difference has been
reported as Hedge's g, as this transformation corrects for effect size inflation in studies

with small sample sizes (Hedges & Olkin, 2014).

Where a significant overall effect is observed, meta-regression was used to examine the
effect of study design and sample characteristics on emotional AB (‘metareg’
command). Here, predictors included mean age, percentage female participants, control
condition (sham vs active control), study design (within vs between subjects) and mode
of stimulation delivery (online vs offline). Homogeneity of the effect size was assessed
using the Q statistic, and further quantified using the I? statistic. I? calculates the
percentage of the between-study variability that is attributable to true heterogeneity
between studies, rather than random sampling error. The I° statistic is conventionally
interpreted as follows: small <25%, moderate 25-50%, large >50%; (Huedo-Medina et
al., 2006). Publication bias was initially assessed via visual inspection of the funnel plot,
and further quantified using the Egger regression test for funnel plot asymmetry (Egger
etal., 1997).
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2.4 Results

A total of 35 (22 tDCS; 10 rTMS; 3 TBS) studies incorporating data from 37 different
study populations met the inclusion criteria (i.e., two studies reported on independent
clinical and non-clinical samples). Of these, data for meta-analysis were available from
32 studies, 22 using tDCS, 9 using rTMS and 1 using TBS. This represents data from
1,532 participants (67.3% female) with an average age of 26.4 years. Most studies used
healthy volunteers (k = 25), although seven studies were conducted in clinical samples
with mood (k = 4), anxiety (k = 3) or substance use disorders (k = 1), and four studies
used healthy populations with elevated symptoms of psychopathology (e.g., low mood

or trait anxiety).

Among the included articles, two used both inhibitory and excitatory protocols (Heeren,
et al., 2015; Pecchinenda, et al., 2015) and seven assessed the effects of stimulation on
both the left and right DLPFC (Aboulafia-Brakha et al., 2016; Bermpohl et al., 2005,
2006; De Raedt et al., 2010; Leyman et al., 2009; Sanchez-Lopez et al., 2018; Tupak et
al., 2013). Additionally, five studies examined the effects of bilateral stimulation of the
DLPFC (Brunoni et al., 2014; Ironside, et al., 2016; Kelley & Schmeichel, 2016; Liu et
al., 2022; Sagliano, et al., 2017) or bilateral stimulation involving the left DLPFC
(Nejati et al., 2021; Nejati et al., 2022). Finally, 19 studies assessed the effect of
stimulation on AB for negative stimuli, whereas 11 studies assessed the effect of
stimulation on AB for positive stimuli. Study characteristics, including their key
findings relating to emotional AB, are summarised in Table 2.3 and Table 2.4 for
studies using unilateral and bilateral tDCS. For studies using rTMS and TBS, study

characteristics are presented in Table 2.5 and Table 2.7.
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Excitatory stimulation of the left DLPFC and emotional AB

We identified 22 studies of emotional AB that used unilateral stimulation to increase
cortical excitability at the left DLPFC (i.e., using anodal tDCS, HD-tDCS, HF rTMS, or
1TBS). Meta-analytic and heterogeneity statistics, and results pertaining to publication

bias are presented in Table 2.1.

Random-effects meta-analysis indicated that, overall, unilateral excitation of the left
DLPFC had no significant effect on emotional AB (g=-.124, p = .625). Similarly, sub-
group analysis which distinguished between tDCS and rTMS techniques yielded no
significant effect for stimulation on attention control. See Figure 2.2 for a forest plot
summary of individual study effect sizes and confidence intervals. Additionally,
random-effects meta-analysis indicated that upregulation of the left DLPFC had no
significant effect on AB for negative (g = -.171, p = .170) or positive (g =-.042, p =
.813) stimuli (see Appendix A.1 and Appendix A.2 for forest plot summaries). Overall,
heterogeneity was similar across studies (Q = 7.27, p=.998, I = 0) and the funnel plot
of effect sizes by standard error (Figure 2.3) was relatively symmetrical, suggesting low

risk for publication bias. Egger’s test confirmed this (p =.628).

Table 2.1. Meta-analytic results by technique and valence for studies of excitatory left

DLPFC stimulation.

Meta Analytic Effect Size Homogeneity
N K p Egger’s
G SE LL UL P 0 P P

Overall 939 22 -124 111 -311 .094 .265 7.26 998 0 .628
Technique

tDCS 688 15 -.147 135 -412 119 273 4.76 .989 0

rTMS 251 7 -077 .133 -456 302 .691 242 .878 0
Valence

Negative 804 19 -171 .125 -416 .073 .170 7.33 .987 0 758

Positive 449 11 -.041 175 -384 302 .813 2.09 1.00 0 .628

N, sample size, K, number of studies; G, Hedge’s g (effect size),; SE, standard error, LL, lower limit; UL,
upper limit; P, probability (p) value; Q, Cochrane’s Q which tests whether effect sizes follow a chi-square
distribution; I, P index showing percentage variability accounted for by true heterogeneity.
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Figure 2.2. Forest plot showing the effect of unilateral excitation of the left DLPFC on

emotional AB.

Hedge's g Weight
Study with 95% ClI (%)
TDCS
Boggio, 2007 = 0.32(-1.48, 2.11) 147
Aboulafia-Brakha, 2016 i 0.20 (-1.20, 1.59) 243
Kuehne, 2019 i 0.34 (-0.89, 1.56) 3.16
Berlin, 2020 — -0.18 ( -1.04, 0.69) 6.33

Pecchinenda, 2015 0.10( -0.98, 1.19) 4.02
Vanderhasselt, 2013 0.01(-0.78, 0.80) 7.58

Chen, 2017 -0.61(-1.74, 0.52) 3.70

L
Clarke, 2014 -0.13(-1.04, 0.77) 5.79
Clarke, 2020 i -0.08 ( -1.11, 0.95) 4.47
L
i
B
L

Heeren, 2015 -0.81(-2.12, 0.50) 275

Heeren, 2017 -0.46 ( -1.66, 0.74) 3.28

-0.20(-1.42, 1.02) 3.15

Ironside, 2016

Nejati, 2021 -0.59 (-1.50, 0.33) 5.64
Sanchez-Lopez, 2018 —B— -0.23 (-1.24, 0.78) 4.66
Sanchez-Lopez, 2021 — 0.1 ( -0.63, 0.85) 8.66
Heterogeneity: 1°= 0.00, I°= 0.00%, H’*= 1.00 -0.15 ( -0.41, 0.12)

Test of 8;= 6;: Q(14) = 4.76, p = 0.99
Testof6=0:z=-1.08, p=0.28

rTMS
Hoy, 2010 L 0.12( -1.04, 1.28) 3.51
Dappermann, 2016* — B — -0.20 ( -1.10, 0.69) 5.92

Dappermann, 2016* 0.43 (-0.46, 1.32) 5.95

L
Leyman, 2009 — <024 (-1.15, 067) 569
Bovy, 2019 } -0.09(-1.06, 0.89) 4.96
De Raedt, 2010 — <017 (-1.19, 0.85) 453
i
<P

Zhang, 2018 -0.74 (-2.16, 0.68) 2.35
Heterogeneity: 1°= 0.00, I°= 0.00%, H*= 1.00 -0.08 ( -0.46, 0.30)

Test of 8= 6;: Q(6) =2.42, p = 0.88
Testof 6= 0:z=-0.40, p = 0.69

Overall ‘ -0.12 ( -0.34, 0.09)
Heterogeneity: 1°= 0.00, I°= 0.00%, H’= 1.00
Test of 8= 6;: Q(21) =7.26, p = 1.00
Testof6=0:z2=-1.11,p=0.26

Test of group differences Q,(1) = 0.09, p =0.77

-2 -1 0

]
N

* Two independent effect sizes are reported for Dappermann et al. 2016 (the upper relates to the effect
in participants with spider phobia, and the lower relates to the effect in healthy adults.
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Figure 2.3. Funnel plot of effect sizes by standard error for studies of the effect of

unilateral excitation of the left DLPFC on emotional AB.
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2.4.1 Excitatory stimulation of the right DLPFC and emotional AB

We identified 7 studies of emotional AB that used unilateral stimulation to increase
cortical excitability at the right DLPFC. Meta-analytic and heterogeneity statistics, and

results pertaining to publication bias are presented in Table 2.2.

Data from 7 studies were used in a meta-analysis of the effect of unilateral excitation of
the right DLPFC on emotional AB. Results indicated that there was no overall effect for
right DLPFC stimulation on emotional attention control (g = .246, p = .149). Similarly,
sub-group analyses revealed that neither tDCS (k =4, g=.170, p = .449) nor rTMS (k =
3, g=.347, p = .183) significantly influenced attention for emotional stimuli. Similarly,
the random-effects meta-analysis revealed no valence-specific significant effect for
right DLPFC stimulation on AB (negative: g =.343, p = .135; positive: g = .175, p =
484; see Appendix A.3 and Appendix A.4 for forest plot summaries). Overall effect
sizes for individual studies and confidence intervals are summarised in Figure 2.4.
Heterogeneity was similar across studies (Q = 3.12, p=.792, I> = 0). The funnel plot of
effect sizes by standard error (Figure 2.5) showed some asymmetry, suggesting risk for

publication bias, however, results of the Eggers test revealed that risk is low (p =.163).
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Table 2.2. Meta-analytic results by technique and valence for studies of excitatory right

DLPFC stimulation.

Meta Analytic Effect Size Homogeneity
N K P
G SE LL UL P 0 P P Egger’s

Overall 251 7 246 170 -.088 .579 .149 312 792 0 .163
Technique

tDCS 164 4 170 225 -270 .610 .449 2.71 439 0

rTMS 87 3 347 261 -164 859 .183 144 934 0
Valence

Negative 169 5 343229 -107 792 135 1.31 .863 0 .348

Positive 141 4 175 230 -315 .664 484 1.52 676 0 761

N, sample size, K, number of studies; G, Hedge’s g (effect size); SE, standard error; LL, lower limit; UL,
upper limit; P, probability (p) value; Q, Cochrane’s Q which tests whether effect sizes follow a chi-square
distribution; I, F index showing percentage variability accounted for by true heterogeneity.

Figure 2.4. Forest plot showing the effect of unilateral excitation of the right DLPFC on

emotional AB.

Effect size Weight

Study with 95% CI (%)
tDCS
Aboulafia-Brakha, 2016 u -0.61 (-2.04, 0.81) 5.48

Vanderhasselt, 2017
Sanchez, 2016

a -0.22 (-1.13, 0.68) 13.57
[ ] 0.41(-0.32, 1.15) 20.60
Sanchez-Lopez, 2018 L] 0.43(-0.36, 1.22) 17.75
Heterogeneity: 7= 0.00, 1°= 0.00%, H’= 1.00 -l 0.17 (-0.27, 0.61)
Test of 6;= 8;: Q(3) = 2.71, p = 0.44
Testof 6=0:z=0.76,p=0.45

rTMS

Leyman, 2009 — 0.28(-0.58, 1.13) 15.24
De Raedt, 2010 —I: 0.27 (-0.70, 1.23) 11.97
Vanderhasselt, 2011 L] 0.48 (-0.37, 1.33) 15.38
Heterogeneity: 7°= 0.00, I°= 0.00%, H*= 1.00 < 0.35 (-0.16, 0.86)

Test of 8= 6;: Q(2) =0.14, p=0.93
Testof 6=0:z=1.33,p=0.18

Overall - 0.25 (-0.09, 0.58)
Heterogeneity: °= 0.00, I>= 0.00%, H*= 1.00
Test of 8= 6,: Q(6) =3.12, p=0.79
Testof6=0:z=1.44,p=0.15
Test of group differences: Q,(1) = 0.27, p = 0.61
2 K 0 1
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Figure 2.5. Funnel plot of effect sizes by standard error for studies of the effect of

unilateral excitation of the right DLPFC on emotional AB.
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2.4.2 Inhibitory stimulation of the left DLPFC and emotional AB

We identified five studies that used unilateral stimulation to reduce cortical excitability
at the left DLPFC (i.e., using cathodal tDCS, LF rTMS, or continuous TBS). However,
as data were not available from one of these studies (Tupak et al., 2013) it was not

possible to evaluate the effect of stimulation on AB using meta-analysis, so a narrative

synthesis of study findings is presented.

Overall, findings relating to the effect of inhibitory stimulation of the left DLPFC were
highly varied. Two studies applied cathodal tDCS over the left DLPFC. First,
Pecchinenda et al. (2015) assessed emotional AB in 45 healthy adults using a face-word
interference task. The authors reported that cathodal stimulation of the right DLPFC
reduced interference for positive, but not negative, facial expressions, suggesting a
reduced AB towards positive emotion. Similarly, Heeren et al. (2015) reported that
stimulation did not alter AB towards threat in adults with high levels of trait anxiety, as
measured using a dot-probe paradigm with negative emotional facial expressions
(disgust). In contrast, studies using rTMS reported poorer performance on affective
go/no-go tasks for trials involving both positive and negative emotional stimuli
following low-frequency stimulation of the left DLPFC (Bermpohl et al., 2005, 2006),
although in Bermpohl et al. (2006), this disruptive effect was only observed in

participants with mild, as opposed to moderate-severe, depressive symptoms. One study
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has used continuous TBS to reduce left DLPFC excitability (Tupak et al., 2013)

however, no effect for stimulation was observed.
2.4.3 Inhibitory stimulation of the right DLPFC and emotional AB

Similarly, few studies have evaluated the effect of inhibitory stimulation of the right
DLPFC on emotional AB (k = 4), so it was not appropriate to evaluate the effect of
stimulation on AB using meta-analysis. Overall, findings have been highly variable,
with 50% of studies reporting no effect of stimulation on emotional AB (Bermpohl et
al., 2005; Tupak et al., 2013). For example, one study reported significant reductions in
AB for fearful faces in eight healthy participants following low frequency rTMS (van
Honk et al., 2002), whereas another found no significant effect of low-frequency rTMS
on affective go/no-go task performance in 11 healthy participants (Bermphol et al.,
2005). In line with this, Bermpohl et al. (2006) found that low-frequency rTMS
improved affective go/no-go performance in 10 participants with an acute depressive
episode, but this beneficial effect declined with decreasing depression severity and

tended to reverse for the eight partially or completely remitted participants.
2.4.4 Bilateral stimulation of the DLPFC and emotional AB

Five studies examined the effect of bilateral tDCS targeting the DLPFC. During
bilateral tDCS, anodal and cathodal tDCS are delivered simultaneously to different
cortical targets. Included studies assessed the effect of an anode left/cathode right
montage, and data relating to this montage were used in a random-effects meta-analysis
of effect sizes. Results indicated that bilateral stimulation had no significant overall
effect on emotional AB (g =-0.318, p =.139). See Figure 2.6 for a forest plot summary
of individual study effect sizes and confidence intervals. Similarly, the anode
left/cathode right montage was not associate with any significant overall effect on
negative (-0.368, p =.115) or positive AB (g =-0.031, p =0.932; see Appendix A.5 and
Appendix A.6 for forest plot summaries). Overall, heterogeneity was similar across
studies (Q = 3.06, p=.551, I =0) and the funnel plot off effect sizes by standard error
(Figure 2.7) was of moderate symmetry, suggesting low risk for publication bias. The

results of the Eggers test for funnel plot asymmetry confirmed this (p =.242).
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Additionally, two studies examined the effect of the inverse electrode placement (i.e.,
anode right/cathode left; AR/CL) on AB (Kelley & Schmeichel, 2016; Sagliano et al.,
2017). Both studies reported that AR/CL tDCS was associated with significant
reductions in emotional AB with large effect sizes. First, Kelley and Schmeichel (2016)
reported that AR/CL tDCS, and not AL/CR tDCS stimulation or sham, reduced AB to
both positive and negative emotional stimuli, as demonstrated by faster reaction times
on an emotional approach/avoidance task (Kelley & Schmeichel, 2016). Second,
Sagliano et al. (2017) observed faster disengagement with threatening images after
AR/CL tDCS, as opposed to AL/CR tDCS or sham, indicating reduced threat-related
AB. Relatedly, two studies have assessed the effect of bilateral montages involving the
left DLPFC and the ventromedial prefrontal cortex (VMPFC) (Nejati et al., 2021; Nejati
et al., 2022) however, findings have been mixed. One study reported that simultaneous
anodal stimulation of the left DLPFC and cathodal stimulation of the right VMPFC,
relative to the inverse electrode arrangement and sham, was associated with reduced
interference by emotional stimuli, regardless of valence, during the emotional Stroop
task and the affective go/no-go task. However, in a later study using a visual probe

paradigm, no effect for either montage was observed.

Figure 2.6. Forest plot showing the effect of bilateral tDCS using the anode left/cathode

right electrode montage on emotional AB.

Effect size Weight
Study with 95% CI (%)
Kelley, 2016 —F -0.06[ -0.82, 0.70] 30.77
Liu, 2022 B -0.62[-1.54, 0.30] 21.14
Brunoni, 2014 [ -1.15[ -2.38, 0.09] 11.66
Ironside, 2016 ] -0.23[-145, 0.99] 11.85
Sagliano, 2017 B -0.03[-0.88, 0.82] 24.58
Overall = e -0.32[ -0.74, 0.10]
Heterogeneity: 1° = 0.00, I” = 0.00%, H’ = 1.00
Test of 8 = 6: Q(4) = 3.06, p = 0.55
Testof 6=0:z=-148,p=0.14
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Figure 2.7. Funnel plot of effect sizes by standard error for studies of the effect of

bilateral tDCS (anode left/cathode right montage) on emotional AB.
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Table 2.3. Study characteristics for studies using anodal and/or cathodal tDCS protocols.

Study Sample Design N Age Target Control Protocol Parameters Task Stimuli ~ Valence Findings
(% F) (M, SD)
Aboulafia- Healthy Single-blind 45 272 Left & 30s active Anodal 25 mins, 1.5mA. Reference Affective Faces Positive, Right DLPFC tDCS reduced
Brakha et non-randomised (53.0) 6.7) Right stimulation electrode over contralateral supra Switch Negative switch-costs for emotion. Left
al. 2016 controlled trial DLPFC, orbital area. Task administered Task DLPFC tDCS reduced switch
(3 arms) simultaneously. costs for gender.
Berlinetal.  Healthy Single-blind 44 28.1 Left 30s active Anodal 30 mins, 1.0 mA, 30s face in/out. Emotional Words Positive, No effect for left DLPFC tDCS
2020 randomised (74.5) 11.7) DLPFC, stimulation Reference electrode over the Stroop Negative, on interference by emotional
controlled trial trapezius muscle. Task Neutral stimuli.
(2 arms)
Boggio et Depression ~ Double-blind 26 48.7 Left (1) Occipital Anodal 20 mins, 2 mA. Reference Affective Scenes  Positive, Left DLPFC tDCS improved
al. 2007 randomised (62.2) (7.5) DLPFC, cortex tDCS electrode over right supra orbital £0/no-go Negative  task accuracy during positive,
controlled trial (2) 30s active area. but not negative, trials.
(3 parallel arms) stimulation
Chen et al. Healthy Single-blind 50 19.6 Left 20s active Anodal 2mA, 20 mins, 30s face in/out. Dual-Video  Scenes  Positive, AB for threat was attenuated by
2017 randomised (68.0) (3.3) DLPFC, stimulation Reference electrode over Stressor Negative  left DLPFC tDCS but not
controlled trial trapezius muscle. Task sham.
(2 parallel arms)
Clarke et Healthy Single-blind 77 20.0 Left 60s active Anodal ImA, 30s face in/out for task Dot Probe Words  Negative, Left DLPFC tDCS associated
al. 2014 randomised (63.6) 9.3) DLPFC, stimulation duration (~17 minutes). Task Neutral with greater AB acquisition in
controlled trial Reference electrode over the targeted direction (toward
(4 parallel arms) trapezius muscle. Simultaneous or away from threat) than
ABMT: 50% trained to attend, sham.
50% trained to avoid.
Clarke et Healthy Single-blind 116 23.0 Left 60s active Anodal 2mA, 20 min, 60s face in/out. Dot Probe Words Negative, No effect for left DLPFC tDCS
al. 2020 randomised (69.0) (7.4) DLPFC, stimulation Reference electrode over Task Neutral on AB to threat regardless of
controlled trial trapezius. Simultaneous directed whether participants were
(4 parallel arms) emotion regulation task (directed directed to down-regulate or
to down regulate or maintain maintain their emotions.
emotion).
Heeren et High trait Double-blind 56 19.9 Left 30s active Anodal 2mA, 20 minutes, 30s face in/out. Dot Probe Faces Negative,  Anodal tDCS, but not cathodal
al. 2015 anxiety randomised (100) (1.8) DLPFC, stimulation & Reference electrode over the right ~ Task Neutral tDCS or sham, with ABMT
controlled trial Cathodal  supra orbital area. Simultaneous reduced total time gaze remains
(3 parallel arms) administration of ABMT. fixated on threat.
Heeren et Clinical Double-blind 19 242 Left 30s active Anodal 2mA, 25 mins, 30s face in/out. Dot Probe Faces Negative, Left DLPFC tDCS, but not
al. 2017 (SAD) randomised (100) 4.9) DLPFC, stimulation Reference electrode over right Task Neutral sham, was associated with
crossover trial shoulder. Simultaneous task reduce AB to threat.
(2 arms) administration.

Continued over page.



Table 2.3 Study characteristics for studies using anodal and/or cathodal tDCS protocols (continued).

Study Sample Design N Age Target Control Protocol Parameters Task Stimuli ~ Valence Findings
(% F) (M, SD)
Ironside etal. ~ Healthy Double-blind 60 24.7 DLPFC, NR Anodal & 20min, 2mA. (a) AL/CR, (b) Dot Probe Task  Faces Positive, AL/CR tDCS reduced AB to
2016 randomised (100) (3.9) Bilateral Anode left DLPFC /cathode Negative  threat relative to anodal left
controlled trial right supra orbital area. DLPFC tDCS and sham.
(3 arms)
Kuehne etal.  Healthy Single-blind 18 24.0 Left 30s active HD-tDCS HD-tDCS, reference electrodes ~ Emotional Faces Positive, Left DLPFC tDCS increased
2019 pseudorandomised ~ (50.5) (2.6) DLPFC, stimulation at positions Fz, C3, FP1 & F7. Stroop Task with Negative  emotional interference effect.
crossover trial 20 mins, 0.5mA, 5s face in/out. words
(2 arms)
Nejati et al. Clinical Single-blind 34 20.3 DLPFC 30s active Arms 1 & 2: (1) anode left DLPFC /cathode Dot Probe Task  Faces Negative, Anodal VMPFC and anodal
2021 (GAD) randomised (63.3) (6.5) & stimulation ~ Anodal VMPFC, (2) anode VMPFC / Neutral DLPFC stimulation reduced AB
crossover trial (5 VMPFC, Arms 3 & 4: cathode DLPFC, (3) anode left to threat relative to sham. No
arms) Bilateral DLPFC, (4) anode VMPFC effect for bilateral stimulation
(reference left shoulder). 20 montages.
min, 1.5mA, 30s fade in/out.
Pecchinenda Healthy Single-blind 43 23.0 Left 30s active Anodal & 15 mins, 1.5 mA, 30s face Face-Word Faces Positive, Anodal, but not cathodal, left
etal. 2015 randomised (76.7) 3.2) DLPFC, stimulation Cathodal in/out. Reference electrode Task with Negative DLPFC tDCS reduced emotional
controlled trial (3 over contralateral supra orbital words interference relative to sham.
arms) area. Concurrent task
administered.
Sanchezetal.  Healthy Single-blind 30 23.3 Right 15s active Anodal 2mA, 20 mins, 15s face in/out. Attention Faces Positive, Compared to sham stimulation,
2016 randomised (66.7) 4.2) DLPFC, stimulation Reference electrode right supra ~ Engagement Negative, right DLPFC tDCS led to
crossover trial (2 orbital area. Disengagement Neutral impairments in attentional
arms) disengagement from both positive
and negative faces.
Sanchez- Healthy Single-blind 54 232 Left & 15s active Anodal 2mA, 20 minutes, 30s face Attention Faces Positive, Left DLPFC tDCS facilitated
Lopez et al. randomised (59.3) (NR) Right stimulation in/out. Reference electrode Engagement Negative,  gaze disengagement, whereas
2018 crossover trial (3 DLPFC, over the right supra orbital Disengagement Neutral right DLPFC tDCS increased
arms) area. difficulty disengaging from
emotional faces.
Sanchez- Low trait  Single-blind 100 2.0 Left 60s active Anodal 2mA, 20 minutes, 30s face Attention Faces Positive, Real training + sham tDCS and
Lopez et al. resilience  randomised (77.0) 4.3) DLPFC, stimulation in/out. Reference electrode Engagement Negative, real training + real tDCS both
2021 controlled trial (4 over the right supra orbital Disengagement Neutral reduced AB for negative stimuli.
arms) area. Simultaneous ABMT.
Vanderhasselt ~ Healthy Single-blind 25 22.1 Left 20s active Anodal 20 mins, 2mA, 20s face in/out. Cued Emotional  Words, Positive, No effect for left DLPFC tDCS
etal. 2013 crossover trial (2 (NR) (3.8) DLPFC, stimulation Control Task Faces Negative  on interference by emotional
arms) stimuli.
Vanderhasselt  Healthy Single-blind 35 23.4 Right 15s active Anodal 20mins, 2 mA, 15s face in/out. Cued Emotional ~ Words,  Positive, Right DLPFC tDCS improved
etal. 2017 counter-balanced (66.8) 4.4) DLPFC, stimulation Control Task Faces Negative  emotional interference control

crossover trial (2
arms)

among participants with high trait
rumination relative to sham.

Note: target located using the 10-20 EEG system,, Abbreviations: AB, attention bias, ABMT, attention bias modification training; AL/CR, anode left/cathode right; DLPFC, dorsolateral prefrontal cortex; F, female; GAD, generalised
oanxiety disorder mA, milliamps; NR, not reported; SAD, social anxiety disorder; tDCS, transcranial direct current stimulation
(98]



Table 2.4 Study characteristics for studies using bilateral tDCS protocols

Study Population Design N Age Target Control Protocol Parameters Task Stimuli Valence Finding
(% F) (M, SD)
Brunoni et al.  Depression Double-blind 24 38.5 DLPFC, 60s active Bilateral AL/CR. 225 mins, 2mA, 5s Emotional Words Positive, Active, but not sham, DLPFC tDCS
2014 randomised (50.0) (10.9) stimulation face in/out. Task administered Stroop Task Negative, reduced interference eftect for
controlled trial simultaneously. Neutral negative words.
(2 arms)
Ironside et al.  Healthy Double-blind 60 24.7 DLPFC, NR Anodal & 20min, 2mA. (a) AL/CR, (b) Dot Probe Faces Positive, AL/CR tDCS reduced AB to threat
2016 randomised (100) (3.9) Bilateral Anode left DLPFC/cathode Task Negative  relative to anodal left DLPFC tDCS
controlled trial over right supra orbital area. and sham.
(3 arms)
Kelley & Healthy Double-blind 202 19.1 DLPFC, 30s active Bilateral (1) AL/CR (2) AR/CL. Approach Words  Positive, AR/CL, and not AL/CR or sham,
Schmeichel randomised (53.9) (1.5) stimulation 15 mins, 2mA, 5s face in/out. Avoidance Negative  improved response inhibition, as
2016 controlled trial Task demonstrated by reduced RTs for
(2 arms) motive-incongruent responses.
Liu et al. Healthy Single-blind 41 23.4 Left & 30s active Bilateral AL/CR montage. 1.5mA, 20 Emotional Faces Positive, No significant effect for bilateral
2022 randomised (65.1) (1.1) Right stimulation mins, 15s fade in/out. Oddball Task Negative, tDCS on accuracy or RTs.
controlled trial DLPFC, Neutral
(2 arms)
Nejati et al. Depression  Single-blind 20 304 DLPFC & 30s active Bilateral (1) Anode left DLPFC / Affective Faces Positive, Anode left DLPFC/cathode right
2022 counter- (10.0) (6.8) VMPFC, stimulation cathode VMPFC, (2) Anode go/mo-go & Negative, VMPFC reduced emotional AB, as
balanced VMPFC / cathode left DLPFC.  Emotional Neutral demonstrated by fewer go/no-go
crossover trial 20 mins, 1.5mA, 30s face Stroop errors and reduced interference
(3 arms) in/out. Task & tDCS completed during Stroop task performance.
concurrently.
Nejati et al. Clinical Single-blind 34 20.3 DLPFC & 30s active Amms | & 2: (1) anode left DLPFC /cathode =~ Dot Probe Faces Negative, Anodal VMPFC and anodal DLPFC
2021 (GAD) randomised (63.3) (6.5) VMPFC, stimulation  Bilateral VMPFC, (2) anode VMPEC / Task Neutral stimulation reduced AB to threat
crossover trial Arms 3 & 4: cathode DLPFC, (3) anodal left relative to sham. No effect for
(5 arms) Excitatory DLPFC, (4) anodal VMPFC. bilateral stimulation.
20 min, 1.5mA, 30s fade in/out.
Sagliano etal. Low and Single-blind 40 23.0 DLPFC, 30s active Bilateral (a) AL/CR, (b) AR/CL. ImA, Exogenous Faces Negative, Low anxiety subjects: AR/CL tDCS
2017 high trait counte- (100) (0.5) stimulation 15 min, 20s face in/out. Cueing Task Neutral increased difficulty disengaging
anxiety rbalanced from threat. High anxiety subjects:
crossover AR/CL tDCS increased threat
design detection (facilitation bias). No
(3 arms) effect for AL/CR tDCS.

Note: target located using the 10-20 EEG system; or the ‘5-cm method’ (Pascual-Leone et al., 1996),. Abbreviations: AB, attention bias, AL/CR, anode lefi/cathode right; AR/CL, anode right/cathode lefi; DLPFC, dorsolateral prefrontal
cortex; mA, milliamps,; NR, not reported; RT, reaction time; tDCS, transcranial direct current stimulation; VMPFC, ventromedial prefrontal cortex.
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Table 2.5 Study characteristics for studies using high and/or low frequency rTMS protocols.

Study Sample Design N Age Target Control Frequency Parameters Task Stimuli Valence Findings
(%F) (M, SD)
Hoy et al. Healthy Single-blind 10 31.2 Left NR HF 5 Hz, 120% rMT. 30 trains of 10s AGNG Words Positive,  No significant effect of
2010 counter-balanced (60.0) (7.7) DLPFC, duration with 20s ITI (900 pulses, Negative ~ rTMS (with or without
crossover trial (2 15 mins). Concurrent viewing of positive affective priming) on
arms) emotional images. emotional response
inhibition.
Bermpohl Healthy Single-blind 11 383 Left & Occipital LF 1 Hz stimulation at 60% maximum AGNG Scenes Positive, Left DLPFC rTMS
et al. 2005 counter-balanced (54.0) (13.9) Right cortex stimulator output for 10 minutes. Negative  significantly impaired task
crossover trial (3 DLPFC, stimulation performance relative to right
arms) DLPFC and occipital rTMS.
Bermphol Depression  Single-blind 18 54.0 Left & Occipital LF 1 Hz stimulation at 60% maximum AGNG Scenes Positive, Right DLPFC rTMS
et al. 2006 counter-balanced (61.0) (9.0) Right cortex stimulator output for 10 minutes. Negative  improves task performance.
crossover trial (3 DLPFC, stimulation Greater depression severity
arms) associated with greater
improvement.
Leyman et Healthy Single-blind 22 24.0 Right Coil 90° HF 10 Hz stimulation, 110% rMT. 40 Negative Faces Positive, Right DLPFC rTMS
al. 2009 randomised (100) (2.3) DLPFC; angle resting trains of 3.9s duration with26.1s ITI  Affective Negative  associated with poorer
(Exp. 1) crossover trial (2 on the scalp. (1560 pulses, 20 mins). Priming emotional interference
arms) control.
Leyman et Healthy Single-blind 18 21.1 Left Coil 90° HF 10 Hz stimulation, 110% rMT. 40 Negative Faces Positive, No effect for left DLPFC
al. 2009 randomised (100) (1.45) DLPFC; angle resting trains of 3.9s duration with26.1s ITI  Affective Negative  rTMS on emotional
(Exp. 2) crossover trial (2 on the scalp. (1560 pulses, 20 mins). Priming interference control.
arms)
Mobius et Healthy Single-blind 23 21.5 Left Coil 45° HF 10 Hz stimulation, 110% rMT. 60 Emotional Faces Negative,  No effect for left DLPFC
al. 2017 counter-balanced (NR) (3.0) DLPFC, angle resting trains of 5s duration 25s ITI (3000 Stroop Neutral rTMS on emotional
crossover trial (2 on the scalp. pulses, 30 mins). interference control.
arms)
Zhang etal.  Substance Single-blind 31 43.0 Left Coil at 90° HF 10 Hz stimulation at 90% rMT. 40 Modified Scenes Negative, Left DLPFC rTMS, but not
2018 Abuse randomised (0) 9.2) DLPFC, angle resting trains of 5s and 10s ITI (2000 Affective Neutral sham, reduced interference
controlled trial (2 on the scalp. pulses, 10 mins). Stroop by emotional pictures. This
parallel arms) pattern persisted to 2 weeks.
van Honk Healthy Single-blind 20 NR Right Coil 90° LF 1 Hz stimulation, 130% rMT. Emotional Faces Negative, Right DLPFC rTMS reduced
et al. 2002 counter-balanced (NR) DLPFC, angle resting Stimulation duration NR. Stroop Neutral interference by fearful faces
crossover trial (2 on the scalp. (unmasked trials only).
arms)
Bovyetal.  Healthy Single-blind 72 21.5 Left Coil at 45° HF 10 Hz stimulation at 110% rMT. 30 Dot Probe Faces Positive, ~ No intervention yielded
2019 subjects randomised (34.9) (2.97) DLPFC, angle resting trains of Ss duration with ITI of 25s  Task Negative  significant change in AB, and
with low controlled trial (4 on the scalp. (1500 pulses, 15 minutes). Active no significant between-group
mood arms) (50%) or sham (50%) ABMT difference in AB.

during active/sham rTMS.

Continued over page.
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Table 2.6 Study characteristics for studies using high and/or low frequency rTMS protocols (continued).

Study Sample Design N Age Target Control Frequency Parameters Task Stimuli Valence Findings
(%F) (M, SD)
De Raedt et Healthy Single-blind 37 22.6 Left & Coil at 90° HF 10 Hz stimulation at 110% rMT. 40  Exogenous Faces Negative,  Right DLPFC rTMS
al. 2010 randomised (100) (2.6) Right angle resting trains of 3.9s duration and 26.1s ITI ~ Cueing Neutral increased difficulty
crossover trial (3 DLPFC; on the scalp. (1560 pulses, 20 mins). Task disengaging with angry
arms) faces. Left DLPFC rTMS
diminished attentional
engagement by angry faces.
Vanderhasselt ~ Healthy Single-blind 28 223 Right Coil at 90° HF 10 Hz stimulation at 110% rMT. 40  Exogenous  Faces Negative,  Right DLPFC rTMS
etal. 2011 counter-balanced (100) (2.6) DLPFC; angle resting trains of 3.9s duration and 26.1 ITI Cueing Neutral increased AB towards
crossover trial (2 on the scalp (1560 pulses, 20 mins). Task threatening information. AB
arms) acquisition was greater for

subjects with higher trait
anxiety scores.

Note: target located using the 10-20 EEG system,, the ‘5-cm method’ (Pascual-Leone et al., 1996),0r MRI-Guided Neuronagivations. Abbreviations: AB, attention bias. DLPFC, dorsolateral prefrontal cortex; HF, high frequency, Hz,
hertz; ITI, intertrain interval; LF, low frequency, rMT, resting motor threshold; NR, not reported, rTMS, repetitive transcranial stimulation.
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Table 2.7 Study characteristics for studies using intermittent and/or continuous TBS protocols.

Study Sample Design N Age Target Control Protocol Parameters Task Stimuli Valence Finding
(% F) (M, SD)
Deppermann Spider Single-blind Phobic: Phobic: Left Coil at 90° iTBS 40 trains (2s on, 8s Emotional Scenes Positive, No effect for left DLPFC
etal. 2016 Phobic & randomised 41 27.5 DLPFC, angle resting oft) of 10 triplet Stroop Negative, iTBS on emotional
Healthy controlled trial (53.0) 9.5) on the scalp. bursts (50 Hz), 80%  Task Neutral, interference in either
(4 parallel arms) Healthy: Healthy: MT. Phobia population.
42 2459
(76.7) (7.4)
Cao et al. Healthy Single-blind 25 233 Right PFC;,  Coil at 90° cTBS Triplet burst (50 Hz)  Affective Faces Positive, No significant effect of cTBS
2018 randomised (44.0) (1.5) angle resting every 200ms for 40s  go/no-go Negative, over the right PFC on task
controlled trial on the scalp. (600 pulses) at100% Neutral performance.
(2 parallel arms) MT.
Tupak et al. Healthy Single-blind 51 23.1 Left & Coil at 45° cTBS Triplet burst (50 Hz)  Emotional Words Negative, No effect for left or right
2013 randomised (66.6) (2.6) Right angle resting repeated every Stroop Neutral DLPFC cTBS on emotional
controlled trial DLPFC, on the scalp. 200ms for 40s (600 Task interference control.
(3 arms) pulses), 80% rMT.

Note: target located using the 10-20 EEG system,; Abbreviations: AB, attention bias, cTBS; continuous theta burst stimulation, DLPFC, dorsolateral prefrontal cortex; Hz, hertz; iTBS, intermittent theta burst stimulation; ITI,
intertrain interval; NR, not reported; rMT, resting motor threshold; cTBS, continuous theta burst stimulation; iTBS, intermittent theta burst stimulation;



2.4.5 Risk of Bias Assessment

Outcomes from the Cochrane risk of bias tool for between-subjects and crossover
designs are summarised in Figure 2.8 and Figure 2.9, respectively. Individual study
ratings by domain are presented in Appendix A.7 and Appendix A.8. Overall, studies
were rated as having low-to-moderate risk of bias, with the primary reason for
concern relating to participant and personnel blinding. While the use of sham and
control methodologies imply participant blinding, most studies failed to explicitly
describe blinding procedures. Indeed, only 11.4% of studies reported that the
personnel delivering stimulation were blind to active/sham allocation, and only one
study reported that the person completing data analysis was blind to participant
allocation. Moreover, few studies reported blinding success and several studies using
a within-subject design reported high levels of participant drop out (defined as
greater than 20%) between sessions (9.1%) which may be suggest poor quality
blinding. While it can be challenging to blind the personnel administering
stimulation, it can be accomplished with the use of the appropriate technology (e.g., a
sham coil or code-operated tDCS equipment), and/or avoidance of within-subjects
designs. The use of standardised protocols and scripts may also mitigate some of the

bias associated with inadequate blinding of personnel.

Additionally, a heavy reliance on paradigms with well-documented psychometric
limitations (e.g., emotional Stroop and visual probe without eye-tracking) raised
concerns about bias during outcome measure assessment. Similarly, insufficient
information was provided on participant drop out and/or missing data in 12.6% of
studies, and only two studies provided sufficient information to assess risk of bias

about how participants were allocated to a condition.

Finally, study quality would be improved by greater use of neuronavigation
techniques for cortical target localisation; only 8.5% of studies used neuronavigation
to identify the left or right DLPFC and, where neuronavigation was used, the DLPFC
was identified using structural, as opposed to functional imaging co-ordinates.
Studies using tDCS almost exclusively used the International 10-20 system to locate
the DLPFC (95.4% of studies). In studies using rTMS, where neuronavigation was
not used, studies located the cortical target using either the International 10-20
system (53.8%) or the “5-cm method” (23.1%) described by Pascual-Leone et al.
(1996).
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Figure 2.8. Cochrane risk of bias rating by domain for studies using a crossover

design (k = 17) (percentage).
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Figure 2.9. Cochrane risk of bias rating by domain for studies using a between-

subjects (k= 18) design.
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2.5 Discussion

This systematic review and meta-analysis collated findings from studies investigating
the effects of NIBS targeting the left and/or right DLPFC on AB for emotional
stimuli. Thus far, there is limited evidence to suggest that excitatory or inhibitory
NIBS to the left or right DLPFC consistently alters emotional AB. Indeed, the results
from our random effects meta-analyses revealed no significant effect for unilateral
excitation of the left or right DLPFC on emotional AB overall, regardless of the
NIBS technique applied. Similarly, no effect was observed for studies using a left
anodal/right cathodal bilateral tDCS montage, suggesting that simultaneous
excitation and inhibition of the left and right DLPFC, respectively, also did not effect
emotional AB. Regarding unilateral inhibition of the DLPFC, findings from the small
number of available studies were inconsistent and provided limited evidence for a

reliable effect of stimulation on emotional AB.

This review and meta-analysis also found limited evidence to suggest that the effect
of stimulation differed as a function of emotional valence. Meta-analyses revealed no
significant effect for unilateral excitation of the left or right DLPFC on negative or
positive AB specifically. Similarly, no significant effect for bilateral stimulation
(anode left/cathode right) on AB for negative or positive emotion was observed.
Comparatively few studies examined the effect of left or right DLPFC inhibition on
negative or positive AB, and findings were highly variable, with some studies
reporting no effect of stimulation on AB, and others reporting significant differences
were associated with real vs sham stimulation. However, the direction of difference

(i.e., increased or decreased AB) was inconsistent across studies.

There are a number of factors that may have contributed to null findings. For
example, the effect of NIBS might only be detected in individuals with elevated
baseline levels of AB. Emotional AB is elevated in populations with psychiatric
illness, most notably major depression and anxiety disorders, however, only 12 of the
included studies recruited participants with psychiatric disorder or elevated
symptoms of psychopathology. Of interest, >80% of studies using clinical or
subclinical samples found that NIBS was associated with significant change in AB
for emotional stimuli. Indeed, findings in clinical and subclinical samples were
generally consistent with the theorised effects; that is, that upregulation of the left
DLPFC and down regulation of the right DLPFC would reduce AB towards
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emotional stimuli (Bermpohl et al., 2006; Boggio et al., 2007; Brunoni et al., 2014;
Heeren et al., 2015; Heeren et al., 2017; Nejati et al., 2021; Nejati et al., 2022; Zhang
et al., 2018; but not Bovy et al., 2019; Dapperman et al., 2016), whereas down
regulation of the left DLPFC and upregulation of the right DLPFC would increase
AB towards emotional stimuli (Sagliano et al., 2017). In samples with anxiety and
depression, unilateral downregulation of the left DLPFC was reported to have no
effect on emotional AB (Bermphol et al., 2006; Heeren et al., 2015; Heeren et al.,
2017) however, as emotional AB is a feature of disorders, it is possible that this
reflects a ceiling effect. Indeed, inhibition of the left DLPFC was reported to
exacerbate emotional AB in healthy samples (Bermphol et al., 2005). As such, more
research in clinical and sub-clinical samples is needed to characterise the effect of

NIBS on emotional AB.

The effect of a single session of NIBS may also be insufficient to alter AB. Indeed,
there is extensive debate around the hypothesis that a single NIBS session can affect
mood states and emotional processing in healthy participants or participants with a
psychiatric disorder (see Remue, et al., 2016 for review). For example, Mébius et al.
(2017) investigated whether a single session of high-frequency rTMS over the left
DLPFC alters the effect of a negative mood induction procedure in 23 healthy
participants. Here, the authors reported that mood was unchanged by rTMS only.
Rather, mood decline only occurred in response to the mood induction procedure,
and mood decline was more substantial when mood induction was preceded by real,
as opposed to sham, rTMS. These findings were in line with the suggestion that a
single session of rTMS does not change mood states in healthy individuals, but
instead points to an interaction of rTMS, and potentially NIBS more broadly, and
mood induction. In addition, it is plausible that non-significant findings in healthy
populations indicate ceiling effects, as reported in other neuromodulation studies
using emotional paradigms with healthy volunteers (e.g., Overman, et al., 2021). We
recommend that future studies use a multi-session (e.g., 3 sessions) approach, either
delivered as an accelerated (i.e., multiple sessions in one day) or traditional (i.e., one
session per day) protocol, to more reliably measure the effects of NIBS on emotional

AB.

Relatedly, studies included in this review used a wide range of stimulation protocols,

and this introduces intervention-related methodological heterogeneity. Indeed,
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stimulation protocol variability was substantial, even among those studies that used
the same stimulation technique (e.g., rTMS). The effect of any neuromodulation
technique is almost certainly dependent on the parameters used (e.g., session number
and frequency, stimulation intensity, duration of stimulation, etc.), and yet no studies
have examined whether the effect of stimulation on emotional AB (or
emotions/attention more broadly) is different for different stimulation parameters. In
the present review, the small number of studies precluded meaningful comparison
between stimulation parameters, however, future research should aim to address this
gap in the literature so that we might better characterise the effect of NIBS on

emotional AB.

In a similar way, a wide range of outcome measures were used to assess emotional
AB, and this introduces methodological heterogeneity. Moreover, several studies
used outcome measures with poor psychometric properties. For example, the dot-
probe paradigm was developed to address the shortcomings of the emotional Stroop
task (i.e., the concern that the interference effect or delayed response latency
observed during the emotional Stroop task might reflect attentional avoidance rather
than attentional bias (De Ruiter & Brosschot, 1994). Accordingly, the dot-probe task
enables differentiation between vigilance towards and avoidance of a given class of
cues. However, serious issues with the dot-probe task have also been raised,
including poor internal reliability and test-retest reliability (see Bar-Haim et al., 2007
for review). In response, a growing number of studies have applied eye-tracking
paradigms, and studies have shown that eye-tracking methods may offer more
reliable assessment of AB and provide greater insight into the components of biased
attention (e.g., attention capture and disengagement) (Waechter et al., 2014). Indeed,
free-viewing eye-tracking paradigms have received superior psychometric
evaluations in both clinical (e.g., Soleymani, et al., 2020) and non-clinical
populations (e.g., Veerapa et al., 2020). In the present review, only four studies used
eye-tracking to evaluate emotional AB, and none used a free-viewing paradigm
(Heeren et al., 2015; Sanchez-Lopez et al., 2021; Sanchez-Lopez et al., 2018;
Sanchez et al., 2016). As such, we echo the suggestions of other researchers that,
given their superior psychometric properties and ability to measure temporal
dynamics of emotional AB, future studies use free-viewing eye-tracking paradigms

to assess the effects of NIBS on emotional AB (Waechter et al., 2014).
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The focus of this systematic review and meta-analysis is AB towards emotional
stimuli, however, AB does not occur exclusively in the context of emotion and
studies have shown that AB towards other salient stimuli may perpetuate
maladaptive behaviours. Indeed, AB towards food cues, particularly high-calorie
food cues, has been implicated in the maintenance of binge eating disorder (BED)
(Appelhans et al., 2016; Brooks et al., 2011; Nijs & Franken, 2012; Stojek et al.,
2018). Neuroimaging studies comparing individuals with BED to healthy controls
(with and without obesity) suggest that people with BED show exaggerated activity
in regions related to reward and emotion processing during food-cue exposure, as
well as difficulties recruiting “top down” prefrontal resources in task measures of
cognitive control (Balodis et al., 2015), and this is a probable driver of AB towards
high-calorie food cues (Werthmann et al., 2019). Accordingly, AB towards high-
calorie food cues has been identified as a candidate mechanistic target for
intervention in eating and weight disorders. The present review found that
neuromodulation may enhance control of attention in those with AB towards
emotional stimuli at baseline, and it is possible that comparable ameliorating effects
may be achieved in those with biases towards other salient stimuli, including high-
calorie food cues. As such, neuromodulation may be a potent tool for treatment in
obesity and BED. Indeed, a preliminary 10 session RCT of tDCS in adults with BED
(n =32) demonstrated that tDCS administration reduces AB towards high calorie
food cues by post-treatment, and this reduction in AB towards high-calorie food cues

endured to 45-day follow-up (Afzali et al., 2021).

To the best of our knowledge, this is the first meta-analytic review of the effect of
NIBS on emotional AB. Our findings indicated that currently there is limited
evidence to suggest that NIBS can alter emotional AB however, given the small
number of highly heterogeneous studies available, this finding should be interpreted
with caution. Future studies that investigate the effect of NIBS on emotional AB are
encouraged but only those that address the methodological limitations to the current
evidence. We recommend double-blind, randomised, sham-controlled trials that
measure emotional attention bias using free-viewing eye-tracking in larger samples

(e.g., >200).
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Abstract

Background: Studies have reported that food-related attention bias (AB) may
perpetuate maladaptive eating behaviour. However, the mechanisms that underlie
food-related AB remain unclear. Recent meta-analyses have shown that appetitive
motivational state factors, e.g., craving and hunger, are associated with food-related
AB. As such, it is of clinical interest that we clarify the role of AB towards food in
populations characterised by high levels of craving for food and self-reported hunger,
including those with binge eating disorder (BED). Accordingly, the present study
evaluated AB for high- and low-calorie food stimuli in adults with obesity (body
mass index [BMI] > 30kg/m?) with and without a diagnosis of BED.

Method: Twenty adults with obesity with BED and twenty controls with obesity (but
not BED) completed a visual probe task with high- and low-calorie food stimuli
paired with non-food stimuli. AB was assessed indirectly by computing an AB score
derived from reaction times (RT; score = RT tcongruent Trials — RT congruent Trials), Where
higher scores indicated greater bias towards food. Eye-tracking was used to directly
assess attention for food-related stimuli (dwell bias), where higher scores indicated

greater AB toward food.

Results: AB towards food did not significantly differ between groups, regardless of
whether AB was assessed directly or indirectly. Participants in both groups showed
AB toward high-calorie food, regardless of whether AB was measured directly or
indirectly. Of note, however, in both instances, mean AB indices were descriptively
higher in the BED group. Only participants with BED showed an AB toward low-
calorie food stimuli, and this was only seen when AB was assessed by eye-tracking.
In both groups, AB toward high-calorie food was positively correlated with current
food craving, however, AB toward low-calorie food was positively correlated with

current craving in the BED group only.

Conclusion: Although we observed no significant differences between the two
groups, there was a trend towards AB being elevated the group with BED, an AB
towards low-calorie food cues was only observed in BED. Moreover, significant
positive correlations between craving for food and food-related AB suggest food-

related AB may be particularly relevant in BED.
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3.1 Introduction

As outlined in Chapter 2, attention bias (AB) towards emotional stimuli may
contribute to the development and maintenance of psychiatric disorders, most
prominently mood and anxiety disorders. As a result, there is interest in developing
interventions that might directly alter emotional AB. However, AB does not occur
exclusively in the context of emotion, and studies have shown that AB towards other
salient stimuli may perpetuate maladaptive behaviours. Indeed, food-related AB has
been implicated in the maintenance of eating and weight disorders, including binge
eating disorder (BED) and obesity (Appelhans et al., 2016; Brooks et al., 2011; Nijs
& Franken, 2012; Stojek et al., 2018).

As with emotion, food-related ABs are commonly assessed using the emotional
Stroop task (with food words), the visual probe task (or dot probe task), and the
visual search task (see Hardman et al., 2021 for a detailed overview of
methodologies and stimuli). Using these paradigms, AB for food can be assessed
indirectly by measuring response latencies to food cues versus control cues during
the task. However, measures of AB derived from response latencies have poor
reliability (Ataya et al., 2012; van Ens et al., 2019; Waechter et al., 2014). More
reliable measures of AB may be obtained by directly monitoring participants’ eye
movements as they complete the task (i.e., eye-tracking; Christiansen, et al., 2015;
van Ens et al., 2019). Using eye-tracking, facilitated attention engagement (i.e., the
speed with which attention is drawn towards a salient stimulus, such as food, relative
to a non-salient stimulus) can be measured either through saccade latency (i.e., the
time between target presentation and initial gaze shift) or initial orientation bias (i.e.,
the proportion of trials for which the initial gaze was oriented towards salient stimuli
versus neutral stimuli). Similarly, difficulties with attention disengagement (i.e., the
degree to which a salient stimulus captures attention and impairs the shifting of
attention away from that stimulus) may be inferred by the difference in total dwell
time on salient stimuli, as opposed to neutral stimuli, known as overall gaze duration

bias.

Studies investigating AB as a potential maintenance mechanism in individuals with
overweight and obesity reported mixed findings. For example, a systematic review
concluded that individuals with obesity and overweight show greater AB to food
cues compared to those with healthy weight (Hendrikse et al., 2015). However,
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findings from recent meta-analyses suggest that this may not be the case (Hagan et
al., 2020; Hardman et al., 2021). In their meta-analysis of 19 studies examining AB
to food in participants with overweight and obesity relative to healthy weight
controls, Hagan et al. (2020) found no significant difference between groups
regardless of the task used to measure AB or the component of AB assessed (e.g.,
automatic attention allocation/facilitation bias or sustained attention or duration
bias). Similarly, in their meta-analysis of 90 studies of AB towards food in healthy
populations across the weight spectrum, Hardman et al. (2021) found no evidence to
suggest that body mass index (BMI) was positively associated with food-related AB.
Instead, Hardman et al. (2021) reported that craving, hunger, and food consumption

were significantly associated with elevated AB towards food.

Consistent with this finding, altered AB towards food has been described in BED,
i.e., a psychological disorder characterised by craving for food, elevated self-reported
hunger, and loss-of-control over eating behaviour. For example, in a small study
which administered a modified Stroop task during functional magnetic resonance
imaging (fMRI) in a sample with bulimia nervosa (BN, n = 13), BED (n = 12), and
healthy controls (n =14), it was reported that task accuracy was diminished in
participants with BN and BED, relative to healthy controls (although this difference
was only significant in BN) (Lee et al., 2017). Moreover, BOLD response to food
stimuli (derived by contrasting food stimuli blocks with neutral stimuli blocks) was
stronger in regions linked to reward processing (e.g., ventral striatum) in participants
with BED than in healthy controls (Lee et al., 2017). These data suggest that AB
towards food in BED may be related to elevated reward sensitivity and strong
“bottom-up” responses that impinge on top-down attention control. Indeed, this
hypothesis is supported by findings from other trials in BED that have indirectly
assessed AB towards food using behavioural paradigms (Deluchi et al., 2017; Lyu et
al., 2017; Schmitz et al., 2014).

Where AB has been assessed directly (e.g., using eye-tracking), findings are mixed.
For example, one study using a free exploration paradigm and a modified anti-
saccade task found that, compared to weight-matched (n = 25) and healthy weight (n
= 25) controls, women with overweight or obesity and BED (n = 25) showed an
attention maintenance bias towards high- and low-calorie food compared to non-food

stimuli, compared to women with obesity and women with normal weight (Schag et
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al., 2013). Similarly, an eye tracking study in adults with healthy weight with and
without binge eating (n = 27 and n = 30, respectively) found that adults who binge
eat attended to high- and low-calorie food items for significantly longer, and
significantly earlier, than non-binging controls, when viewing in real-world scenes
(Popien et al., 2015). In contrast, Sperling et al. (2017) found no evidence for an
initial orientation bias towards food in their study of adults with full- and sub-
syndrome BED (n = 23) and matched-controls (» =23). However, initial attention
towards food and longer sustained attention for food were both positively correlated

with greater BED severity.

These findings may be explained by a motivational conflict or ambivalence towards
food. Specifically, it has been theorised that obesity, and perhaps BED, may be
characterised by an attraction to food-related stimuli during the initial orienting stage
of attention processing, and avoidance of food-related stimuli or a reduction in bias
towards them when attention must be maintained (Jansen et al., 2015; Nijs &
Franken, 2012; Nijs et al., 2010; Werthmann et al., 2011). Indeed, this hypothesis
was supported by findings from a study that assessed AB at different stages of
information processing in BED (Deluchi et al., 2017). Here, the authors observed
that participants with BED showed an initial bias towards food, as demonstrated by
faster reaction times than controls with obesity when stimulus presentation was brief
(200ms), and that participants with BED experienced difficulties disengaging with
food stimuli, as demonstrated by faster reaction times than controls with obesity
when stimulus presentation was slightly longer (500ms). However, when stimuli
were presented for durations which required the maintenance of attention (2000ms),
bias scores approached zero in both groups, suggesting subsequent avoidance of food
stimuli (Deluchi et al., 2017). In BED, this pattern of approach-avoidance may
contribute to craving and negative-affect, which is an established trigger for loss of

control eating behaviour (e.g., Leehr et al., 2015).

Overall, findings in both obesity and BED highlight that the relationship between AB
towards food and overeating behaviour is complex and may be accounted for by
factors beyond BMI. More specifically, recent studies highlight the role of appetitive
motivational states (Hardman et al., 2021) and altered cognitive control and reward
related neural processing (Lee et al., 2017). As such, there is a clear need to further

our understanding of AB towards food in populations characterised by high levels of
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craving for food and self-reported hunger, such as BED. Clarifying the extent to
which AB towards food may distinguish BED from obesity may provide useful

insight into BED aetiology and open the door to new avenues for treatment.

Few studies have directly measured AB towards food in BED. Indeed, to the best of
our knowledge, no study has previously assessed AB towards food using eye-
tracking during the visual probe task in adults with BED. This may be explained by
limited access to the tools needed to directly assess AB (e.g., eye-tracking
equipment), and the high cost associated with their acquisition. Although unlikely to
rival the precision of lab-based technologies, consideration for novel, scalable and
affordable webcam-based eye-tracking solutions are warranted. As such, the present
study aimed to evaluate AB for high- and low-calorie food stimuli in adults with
obesity with BED and adults with obesity without BED using both direct (webcam-
based eye-tracking) and indirect (reaction time) assessment methods during the
visual probe task. Given recent meta-analytic findings, and those reported in previous
studies of BED, we hypothesised AB towards food to be elevated in participants with
BED relative to those without BED. Additionally, given that appetitive motivation
and craving may elevate AB towards food, we hypothesised that AB towards food
would be more pronounced for high-calorie foods, than low-calorie foods, in both

groups.
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3.2 Study aims and hypotheses

This cross-sectional study aimed to measure AB toward high- and low-calorie food
stimuli in adults with obesity and without BED and evaluated whether patterns of AB

differ between groups.
Hypotheses:

1. Participants were fasted, so we expected both groups (i.e., obesity with and
without BED) to show AB towards high-calorie food and we hypothesised
that AB would be significantly and positively correlated with appetitive
motivation factors (i.e., hunger and craving).

2. Given that appetitive motivation factors, particularly craving, have been
associated with AB towards food, we hypothesised that AB towards high-
calorie foods would be more pronounced in obesity with BED than obesity
without BED.

3. As previous studies have reported AB towards high-calorie but not low-
calorie foods in participants with obesity with and without BED, we do not
expect participants from either group to show AB towards low-calorie food

stimuli.
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3.3 Methods

3.3.1 Participants

Twenty participants with obesity and BED and 20 controls with obesity (but not
BED) (henceforth OB controls) were recruited from the community (via
advertisements on social media, research participant recruitment websites, and
university-managed webpages) and from outpatient eating disorder (ED) services
(participants with BED only). Participant characteristics by group are summarised in
Table 1. All participants were right handed adults (aged 18 to 65) with normal or
corrected-to-normal vision and a BMI > 30kg/m?. All participants were also required
to have access to a laptop or desktop computer with a webcam which they could use
when taking part. Participants were ineligible if they were vegan or vegetarian, had
insufficient knowledge of the English language, reported current pregnancy or
suspected pregnancy, or if they reported a history of substance use disorder,
psychosis, bipolar disorder, development or neurological disorder, or borderline
personality disorder. Use of psychotropic medication, other than a stable dose of an
antidepressant, also precluded participation. In addition, OB controls were ineligible
to take part if they reported any current or past ED, whereas participants with BED
were required to meet criteria for full-syndrome BED diagnosis according to the
Diagnostic and Statistical Manual for Mental Disorders - 5th Edition (American,
Psychiatric Association, 2013). Presence/absence of current ED symptoms was
confirmed at screening using the Eating Disorder Diagnostic Screen (EDDS; Stice,
Telch & Rizvi, 2000). Participants with BED included in this study were also part of
a larger randomised controlled trial (see Chapters 4, 5 and 6) and, as such, they were
also required to meet additional inclusion criteria for safety reasons (see Chapter 4).
Participants with BED completed measures reported here as part of their baseline

(i.e., pre-treatment) assessment.
3.3.2 Ethics

All study procedures were approved by the King’s College London Research Ethics
Committee on the 2nd of November 2020 (Reference: LRS-19/20-20873). Approval
for the related randomised controlled trial from which participants with BED were
drawn was given favourable opinion by the London and Fulham NHS research ethics

committee (REC Reference 20/L.0/0936) on the 6" of August 2020, and approval to
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begin the trial was granted by the Health Research Authority on the same day.
3.3.3 Measures
3.3.3.1 Questionnaire Measures

ED symptoms were assessed using the Eating Disorders Examination Questionnaire
(EDE-Q; Fairburn & Beglin, 2008). Episodes of objective binge eating (OBE) were
taken from the EDE-Q item about binge eating in the previous 28 days and self-
reported weight and height were used to calculate BMI. To ensure participants were
able to recognise episodes of objective binge eating, prior to completing the EDE-Q,
participants were shown fictional examples of objective and subjective episodes of

binge eating (See Appendix H.3).

General psychopathology was assessed using the Depression, Anxiety and Stress
Scale (21 item version, DASS-21; Lovibond & Lovibond, 1996). Higher scores on
the DASS-21 and its subscales indicated higher levels of psychopathology. Both
instruments have strong psychometric properties and have been widely used in
studies involving both clinical and community adult samples (Antony et al., 1998;

Carey et al., 2019).

As in Werthmann et al. (2011), craving was assessed by asking “How strong is your
craving for food right now” on a 10-point visual analogue scale (VAS), ranging from
“no craving at all” (0) to “extremely strong craving” (10). Hunger and satiety were
also assessed by two 10-point VAS where 0, indicated an absolute absence of

hunger/satiety, to 10, indicating an overwhelming presence of hunger/satiety.
3.3.3.2 Visual probe task (VP)

The VP task (MacLeod et al., 1986) was used to assess visuo-spatial AB for food
cues. Each trial began with a fixation cross presented for 100ms. This was followed
by image pairs (one food image and one non-food image) that were presented
simultaneously on both sides of a computer screen (3000ms). Immediately after the
pictures disappeared, a probe appeared in the location of one of the stimuli (i.e., on
the left or right side of the screen). Participants were instructed to press the left or
right arrow key according to the location of the probe. The task consisted of two
blocks of 60 trials (120 trials total). One block paired non-food pictures with high-

calorie food pictures, whereas the other block paired non-food pictures with low-
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calorie food pictures. The order of the blocks was randomised between participants,
and image presentation was randomised within each block. The position of the food,
as opposed to non-food, picture on the screen was counterbalanced within blocks to
ensure food and non-food images appeared equally often on the left and right sides of

the screen. Similarly, the position of the probe was counterbalanced within blocks.

Stimuli were ten high-calorie and ten low-calorie food pictures that were visually
matched with one category of non-food pictures each (musical instruments or
household objects, respectively) on the basis of brightness, lighting, and visual
complexity (see Figure 3.1 for an example of picture pairs). High-calorie food
stimuli depicted sweet (50%) and savoury (50%) foods, whereas low-calorie food
stimuli depicted fruit (50%) and vegetables/salad (50%). Each set of picture pairs
was presented four times (80 critical trials total). Filler trials were included using ten
sets of picture pairs involving two non-food stimuli, and these were presented four
times during the task (40 filler trials total). See Appendix H to review stimuli. Half of
the filler trials were presented during the first block only and the other half during the
second block only. Participants also completed a practice block which presented ten

additional picture pairs that were not presented at any other time during the task.

Figure 3.1. Sample stimuli from the visual probe task showing high-calorie and low-

calorie picture pairs.

High Calorie Trials Low Calorie Trials

i
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Reaction times (RTs) were recorded as an indirect measure of AB and used to
calculate behavioural AB scores. Behavioural AB scores were calculated separately
for each participant by subtracting mean RT for responses to valid trials in which the
probe was concealed by a food-related image (congruent trial) from those in which
the target was concealed by a neutral image (incongruent trial). Mean AB score for
food, as well as the mean AB score for high- and low-calorie trial types, was
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calculated for each participant.

Eye movements were recorded using the participant’s webcam to directly measure
visual attention towards food and non-food stimuli. Prior to commencing the task, a
9-point calibration with subsequent validation procedure was conducted. This
calibration was repeated after the practice trials and after each block (60 trials). The
screen was divided into three areas of interest (left, right and middle) and data were
analysed only for those areas displaying a stimulus (i.e., the left and right sides of the
screen). Output provided estimates of total gaze time at each location for each trial,
(ms and % of trial time). Dwell bias (also known as duration bias) is an established
index of sustained attention allocation (Field, Mogg & Bradley, 2004; Werthmann et
al., 2015). Dwell bias was calculated by subtracting the total time spent attending to
the non-food stimulus (ms) from the time spent attending to the food stimulus (ms)
during each trial. Mean dwell bias for food, as well as the mean dwell bias for high-

calorie and low-calorie trial types, was calculated for each participant.
3.3.4 Procedure

Participant eligibility was assessed over the phone using a study-specific screening
questionnaire (See Appendix G). Individuals that met inclusion criteria and chose to
take part completed all study activities remotely using their personal laptop or
desktop. Investigators supervised and instructed participants for the full duration of

the assessment using the Microsoft Teams tool video conferencing software.

All participants were asked to fast for 4 hours prior to assessment. At the beginning
of the session, the investigator greeted the participant and introduced them to the
Microsoft Teams interface (i.e., ensured the participant knew how to operate their
camera and microphone, knew how to return to the call if the call was dropped, and
that they could locate the “chat” function). Following this, the participant completed
questionnaire measures using the Qualtrics™ online survey platform. Prior to
launching the survey, participants were notified that the questions would ask about
mood and eating behaviour, including objective binge eating. Fictional examples of
objective and subjective binge eating were then presented (Appendix H.3). In
addition to the EDE-Q and the DASS-21, participants also indicated whether they

had fasted prior to the session as agreed (yes/no) and recorded the time at which they
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last ate or drank anything other than water. While completing questionnaires,
participants were invited to “mute” their microphone and switch of their webcam off,

however, they were encouraged to ask questions and seek clarification as needed.

After completion of the survey, the investigator provided instructions for the visual
probe task. Following this, participants were directed to complete the task using the
Gorilla™ online platform. This software ensures that the task occupies the full screen
and suppresses notifications from other applications and webpages during task
administration. After completing the visual probe task, participants performed
additional tasks assessing executive function, however, these data are beyond the

scope of this thesis and will be reported elsewhere.
3.3.5 Data analysis

Participant characteristics were analysed using descriptive statistics, and t-tests or
chi-squared tests for group comparisons. For the visual probe task, trials were
considered invalid if the response was incorrect or the RT was < 200ms or > 2000ms
(Bradley et al., 2003). Eye movement data were excluded for 3 participants (BED:
n=2, OB: n=1) as output indicated that calibration was lost during task administration
(i.e., the participant successfully completed the 9-point calibration but moved too
much during task administration, rendering eye-movement data unreliable). As such,
eye movement data from the remaining 35 participants (BED: n=18, OB: n=17) were
included in the data analysis. One sample t-tests were used to confirm the presence of
AB (i.e., that the AB score was significantly different from zero). One way analysis
of variance (ANOVA), controlling for BMI and DASS-21 total score, was used to
examine between-group differences for AB overall. A mixed models ANOVA with
one between-subjects factor (group: OB vs BED) and one within-subjects factor (trial
type: high vs low-calorie) was used to examine whether differences in AB differed
between- or within-groups as a function of trial type. Post-hoc t-tests were completed
with Bonferroni correction for multiple comparisons (p < 0.025). The same approach
was used to evaluate differences between groups of both indices of AB (i.e.,
behavioural AB score and dwell bias score). Independent t-tests were used to assess
differences between groups for current craving, hunger and satiety ratings, and
Hedge’s g was used to evaluate effect size (g <0.2 is small, g < 0.5 is medium, and >
0.8 is large; Cohen, 1977). Pearson’s bivariate correlations were used to assess the
relationship between current hunger, craving and satiety and AB towards food.
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3.4 Results

Participant characteristics are summarised in Table 3.1. Of note, participants with
obesity and without BED did not differ on the basis of age, biological sex, ethnicity,
or academic attainment, and we observed the expected clinical differences between
the groups. Specifically, both groups were living with severe obesity and
approximately 15% of participants in each sample experienced obesity-related
physical health problems, whereas ED symptoms and psychopathology were
elevated in BED only. Given that the DASS-21 score was significantly different

between groups, subsequent analyses included DASS-21 total score as a covariate.

Table 3.1. Participant characteristics by group

BED Obesity p-value
(n=20) (n=18)
Demographic Details
Age (mean [SD]) 38.9 (8.0) 36.44 (10.3) 445
Female sex (n [%]) 18 (90.0) 16 (88.8) .857
Ethnicity (% White) 17 (85.0) 15 (83.3) .709
Level of education 423
A-levels 3(15.0) 5(27.8)
Undergraduate 9 (45.0) 7 (38.9)
Postgraduate 5(25.0) 4(22.2)
Other tertiary 3 (15.0) 2 (11.1)
Clinical Characteristics
BMI (mean [SD]) 38.6 (7.3) 37.6 (4.3) 501
EDE-Q global (mean [SD]) 4.21(0.8) 2.7(1.2) <0.001
EDE-Q monthly OBEs (median [SD]) 20 (9.7) 0 <0.001
DASS-21 total (mean [SD]) 48.3 (25.4) 14.0 (8.7) <0.001
Antidepressant medication 9 (45.0) 1(5.5) <0.05
Lifetime Comorbidities
Depression (n [%]) 11 (55.0) 3 (16.6) <0.001
Anxiety (n [%]) 8 (40.0) 2 (11.1) <0.05
Diabetes mellitus (Type II) (n [%]) 5(25.0) 4(22.2) 573
Prediabetes (n [%]) 1(5.0) 2 (11.1) 459
Hypertension (n [%]) 4(20.0) 3(16.6) 563
Hyperlipidaemia (n [%]) 3 (15.0) 3 (16.6) 616
Hypothyroidism (n [%]) 3(15.0) 2 (11.1) 552

P-value corresponds to t-tests or chi-squared tests for between group differences. BMI, body mass
index; EDE-Q, Eating Disorders Examination Questionnaire; DASS-21, depression anxiety stress scale
(21-item version); OBEs; objective binge eating episodes.
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3.4.1 Craving, hunger, and satiety

Self-reported craving did not differ between groups (BED: mean = 7.62, SD = 1.14,
OB: Mean = 6.24, SD = 1.92, p = .268, Hedge’s g = .244), and there were no
significant differences between groups for hunger (BED: mean = 5.34, SD = 3.24,
OB: Mean = 5.51, SD =3.20, p = .114, Hedge’s g = .052) or satiety ratings (BED:
mean = 4.44, SD = 2.86, OB: Mean =4.12, SD =3.32, p = .197, Hedge’s g = .220).

3.4.2 Behavioural outcomes (RTs)

Table 3.2 shows the means and standard deviations for RTs for congruent and

incongruent trials by group, as well as the resulting AB scores.

One sample t-tests confirmed the presence of an AB towards food stimuli, as
opposed to neutral stimuli, in BED (t(19) = 3.449, p <.005) but not OB (p = .224).
When limiting the analysis to trials involving high-calorie food images, a significant
AB towards food emerged in OB (t(17) = 3.015, p <.01) and was retained in BED
(t(19) = 1.945, p <.05). AB scores for low-calorie trials were not significantly
different from zero in the BED (p =.277) or OB (p = .857) group.

One way ANOVA revealed no significant difference between-groups for overall AB
score (F =1.277, p = .266). Similarly, mixed methods ANOVA controlling for BMI
and DASS-21 total score revealed no significant differences within groups (i.e.,
differences according to high- or low-calorie trial type; F = 1.194, p = 0.283) or
between-groups (F = 0.012, p = .913) for AB score, and there was no significant
group by trial type interaction (F =0.210 = .650) (Figure 3.2).

Pearson’s correlations revealed that there was a significant positive correlation
between craving and AB towards high-calorie food stimuli in both groups (BED:
r(20) = .562, p <.005; OB: r(17) = .485, p <.05). Tests for regression slope equality
were non-significant (F = .356, p = .555) indicating that the relationship between
current craving for food and attention bias score for high calorie food stimuli was
equivocal when controlling for sample variability. There was no significant
correlation between craving and AB for low-calorie food stimuli in BED (p =.198)
or OB (p =.350). Similarly, correlations between hunger and satiety ratings, and AB

towards high- and low-calorie foods were all non-significant at the p = .05 level.
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Figure 3.2. Attention bias scores (mean and standard deviation) for high- and low-

calorie food trials

Group
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Figure Legend: Means controlling for BMI and Total Score on the DASS-21. Error Bars = 95% Confidence Interval

Figure 3.3. Scatter plot summary of attention bias score for high-calorie food trials

by ratings for current craving in BED.
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Figure 3.4. Scatter plot summary of attention bias score for high-calorie food trials

by ratings for current craving in OB.
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3.4.3 Eye-tracking Outcomes

Table 3.2 shows the means and standard deviations for total fixation time towards

food and non-food items by group, as well as the resulting dwell bias scores.

One sample t-tests confirmed the presence of a dwell bias towards food items, as
opposed to neutral items, in BED (t(17) = 6.010, p <.001) and OB (t(16)=2.291, p <
.05). Similarly, when distinguishing between high- and low-calorie trials, one sample
t-tests revealed a significant bias towards high-calorie food stimuli in both groups
(BED: t(17) = 6.675, p <.001; OB: t(16) = 2.695, p < .01). During low-calorie trials,
only participants with BED showed a significant bias towards food items, as opposed

to neutral items (t(17) = 2.923, p <.005).

One way ANOVA revealed no significant difference between-groups for overall
dwell bias score (F = 3.059, p = .089). Mixed methods ANOVA, controlling for BMI
and DASS-21 total score, revealed no significant within group (i.e., differences
according to high- or low-calorie trial type; F =.070 p =.793) or between group (F =
2.673, p =.112) differences, and there was no significant group by trial type
interaction (F = .850, p = .364) (Figure 3.5).
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Figure 3.5. Dwell bias score (mean and standard deviation) for high- and low-calorie

food trials
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Figure Legend: Mean scores controling for BMI and DASS-21 Total Score. Error Bars show 95% Confidence Interval.

Pearson’s correlations revealed that there was a significant positive correlation
between craving and dwell bias towards high-calorie food stimuli in both groups
(BED: (18) = .551, p < .005; OB: r(17) = .485, p < .05). Tests for regression slope
equality were non-significant (F = .547, p = .465) indicating that the relationship
between current craving for food and dwell bias score for high calorie food stimuli
was equal when controlling for sample variability. There were no other significant
correlations between current hunger and dwell bias score, and there were no
significant correlations between current satiety ratings and dwell bias towards food

stimuli for OB or BED groups.
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Figure 3.6. Scatter plot summary of dwell bias score for high-calorie food trials by

ratings for current craving in BED.
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Figure 3.7. Scatter plot summary of dwell bias score for high-calorie food trials by

ratings for current craving in OB.
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Table 3.2. Means and standard deviations for behavioural and eye-tracking indices

of AB towards food (ms)
BED Obesity p-value
(n=20) (n=18)

Reaction times

Congruent trials 516.67 (100.74) 436.41 (63.72) <0.05
HC trials 511.67 (102.87) 433.22 (63.49) <0.05
LC trials 518.65 (101.78) 439.55 (66.18) <0.05

Incongruent trials 529.88 (97.96) 442.80 (71.57) <0.01
HC trials 529.29 (93.47) 445.94 (69.61) <0.01
LC Trials 528.35 (106.91) 439.70 (76.63) <0.05

AB score (overall) 13.22 (17.49) 6.39 (16.34) .256

AB score (HC) 17.63 (22.61) 12.71 (19.02) .506

AB score (LC) 9.69 (23.16) 0.15 (16.97) 189

Eye Movements

Total fixation time (neutral) 1386.47 (106.41) 1489.67 (95.77) 537

Total fixation time (food) 1492.76 (113.03) 1512.53 (87.24) 561
Total fixation time (HC) 1485.97 (124.00) 1519.72 (284.29) .634
Total fixation time (LC) 1461.37 (144.82) 1464.16 (183.18) .959

Dwell bias score (overall) 187.63 (139.61) 97.19 (174.94) .089

Dwell bias score (HC) 221.68 (148.54) 123.41 (177.33) .084

Dwell bias score (LC) 161.22 (246.62) 57.43 (173.33) 174

p-value reflects outcome from one-way ANOVA. Abbreviations: AB, attention bias, BED,
binge eating disorder; OB, obesity; HC, high-calorie; LC, low-calorie; ms, milliseconds
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Table 3.3. Pearson’s correlations between attention bias and self-reported craving for

food, hunger and satiety by group.

BED OB

Craving Hunger  Satiety Craving Hunger Satiety
AB for Low r 368 -134 -.065 242 -.054 209
Calorie P 110 572 785 350 836 437
AB for High r 562 -265 149 485 177 -.166
Calorie p <.01 272 544 <.05 496 539
Dwell Bias for 163 293 141 128 -078  -.143
Low Calorie p 492 210 533 624 765 598
Dwell Bias for 458 293 039 531 075 431
High Calorie ~ p < o5 210 971 <.05 791 124

R values indicate Pearson’s correlation co-efficient. Correlations at p < .05 are
marked in bold.
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3.5 Discussion

The aim of this study was to examine whether AB towards food stimuli distinguished
adults with obesity with BED from adults with obesity without BED, and to assess
whether AB towards food stimuli was related to appetitive motivation factors,
including current craving for food, hunger, and satiety. Consistent with our
hypotheses, both groups showed an AB towards high-calorie food stimuli,
irrespective of whether AB was measured indirectly using RTs or directly using eye-
tracking. An unexpected finding was that participants with BED also showed
significant AB towards low-calorie food when AB was measured directly (i.e., dwell
bias). This finding might suggest that the motivational salience of food, as opposed

to non-food, stimuli is high in BED, even when calorie content is low.

Craving for food, but not hunger, was significantly and positively correlated with AB
towards high-calorie food in both groups, which partially supported our hypothesis.
Additionally, a positive correlation between craving for food and AB towards low-
calorie food items was observed in participants with BED only. This finding is
consistent with theoretical accounts of food-related AB derived from incentive
sensitisation theory (Robinson & Berridge, 1993, 2008). Specifically, that AB is
indicative of underlying appetitive motivational processes and that AB towards food

is amplified when food is relevant to an individual’s current motivational state.

Contrary to our hypothesis, we found no significant differences in AB towards high
or low-calorie food items between groups, regardless of whether AB was assessed
directly or indirectly. However, it is it is important to note that mean dwell bias
scores suggested a pattern of elevated food-related AB in BED, relative to controls,
which may have been become significant in a larger sample size, although this
requires future research. Nevertheless, our finding that AB towards high-calorie food
stimuli did not differ between groups and was not consistent with our hypothesis or
findings from previous studies (Stojek et al., 2018). Differences between the present
findings and those reported previously may be explained by the different
methodologies used and the different stages of attention processing assessed. For
example, previous studies reporting significantly greater dwell bias in BED, have
assessed AB using free-viewing paradigms (Popien et al., 2015; Schmidt et al., 2016;
Svaldi et al., 2015) as opposed to the visual probe task. Similarly, where AB is
indirectly assessed, studies have found AB towards food in BED, relative to controls,
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during the early stages of attention processing, as demonstrated by detection bias
during the visual search task (Schmidt et al., 2016) or initial orientation bias using
the spatial cueing task (Lyu et al., 2017; Schmitz et al., 2014). In the present trial, all
stimuli were presented for 3000ms, so behavioural data relate exclusively to late-

stage attention processing.

Interestingly, reaction times for all trials, regardless of stimulus type (i.e., high- or
low-calorie food stimuli) were slower in the BED group than in the OB group,
suggesting slower psychomotor performance in the BED group. Poor psychomotor
performance has been previously associated with overweight and obesity. A recent
study of psychomotor functioning in women with BED and normal weight (n = 23)
or overweight (n = 32), and healthy controls with normal weight (n = 29) or
overweight (n = 48), reported that psychomotor performance deteriorated as a
function of BMI, with higher BMI associated with poorer performance, regardless of
BED (Eneva et al., 2017). Psychomotor performance is the coordination of a
cognitive activity and motor performance, and it is thought to be affected by
disturbances to executive functioning. Altered executive functioning has been
reported in both BED and obesity, and the extent to which difficulties may be
exacerbated by BED remains unclear. In the present study, self-reported BMI did not
differ between groups, however, it is possible that weight and height were
underestimated and that there were differences between groups that were not
accounted for. Indeed, studies have shown that adults tend to under-report their own
weight, and that the gap between self-reported weight and actual weight increases
with obesity (Olfert et al., 2018). Future studies should consider more objective
options for assessing overweight and obesity, including in-the-lab assessment of
height and weight, use of body-composition metrics, or other anthropometric

assessment tools (e.g., waist circumference).

The absence of between-group differences may also be related to appetitive
motivation as participants in the present study were fasted and therefore expected to
be experiencing craving and hunger. Given that BED has been characterised by
reduced satiety sensitivity and high levels of craving for food (Boutelle et al., 2017;
Giel, Bulik, et al., 2022), future studies in unfasted samples may prove more
effective for delineating differences in AB towards food in obesity with and without

BED.

115



In the present study, the between-group effect size for dwell bias for high calorie
food stimuli was F = .273, which is considered to be moderate (Cohen, 1988). With a
significance criterion of a = .05 and power = .80, the minimum sample size needed
to detect a difference between groups with this effect size is N = 108 (54 participants
per group). Thus, the present findings should be viewed as preliminary, and
consideration should be given to methodological limitations when designing

subsequent studies of attention bias in BED and OB.

Several limitations of the present study should also be considered. First, when
response latencies are used to examine AB during the dot probe task, the duration of
stimulus presentation is usually varied so that different stages of attention processing
may be assessed. For example, past research has suggested that cues presented for
<200 ms may be used to assess automatic orientation of attention, that cues presented
for ~500ms may be used to assess attention disengagement, and that cues presented
for >500 ms may be used to assess maintained attention (Field & Cox, 2008). In the
present trial, all stimuli were presented for 3000ms, so behavioural data relate
exclusively to late stage attention processing. It is also noteworthy that AB indices
based on response latencies during the dot-probe task have been shown to have poor
internal reliability and test-retest reliability (see Bar-Haim et al., 2007 for review), so

continued use of these indices is discouraged.

Second, although eye-tracking methods may offer more reliable assessment of AB
and provide greater insight into the components of biased attention (Waechter et al.,
2014), current webcam-based technologies may not be well-suited to the assessment
of AB. Webcam-based eye-tracking is scalable, portable, and cost-effective, making
it an appealing alternative to stationary, laborious, and expensive lab-based methods.
However, at present, studies suggest that webcam-based technologies may not be
able to accurately detect gaze patterns (e.g., fixations and saccades), thereby limiting
their utility when directly assessing AB. For example, pilot studies using the
Gorilla™ webcam-based eye-tracking program have reported that fixations,
saccades, and blinks could only be accurately detected in ~30% of participants,
whereas more basic approaches (e.g., region of interest analysis) produced accuracy
comparable to lab-based assessment (Anwyl-Irvine et al., 2020). Indeed, in the
present study, only region of interest analyses could be conducted, so only one

component of AB (dwell bias) could be directly assessed. However, webcam-based
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eye-tracking tools are becoming more numerous, and some studies using different
software have suggested that web-based eye-tracking may produce data of
comparable quality to lab-based equipment for “simple” eye-tracking paradigms. For
example, Semmelmann and Weigelt (2018) measured viewing patterns during three
paradigms (a fixation task, a pursuit task, and a free-viewing task) in the lab and
online (i.e., using webcam-based eye-tracking). Here, the authors reported that the
accuracy of gaze pattern detection using webcam-based eye-tracking was comparable
to that achieve using lab-based equipment (offset of ~191 pixels in the lab vs ~211
pixels using webcam). However, given low sampling rates and high levels of
variability within the data, webcam-based eye-tracking may not be ready for
applications that require detailed spatial resolution of fixations or high spatio-
temporal resolution, including visual attention paradigms. As a result, studies

prioritise the use of lab-based eye-tracking equipment when directly assessing AB.

Third, recent studies have suggested that the visual probe task, even when paired
with eye-tracking, may not be the optimal tool for assessing AB. Rather, free-
viewing paradigms have received superior psychometric evaluations in both clinical
(e.g., Soleymanti, et al., 2020) and non-clinical populations (e.g., Veerapa et al.,
2020). Moreover, when paired with eye-tracking, free-viewing paradigms may be
used to assess AB across the early, middle, and late stages of attention processing,
particularly when presentation duration is long (> 3000ms; Hardman et al., 2021).
Thus, we recommend that future studies use of free-viewing paradigms, rather than

the visual probe task.

Fourth, the food stimuli used to assess attention bias were not personalised, so
participants may have varied in the extent to which they “liked” or were familiar
with the food stimuli used. Additionally, participants were not excluded if they were
intolerant to certain foods (e.g., foods containing lactose or gluten) and data were not
collected about food intolerances. It is possible that some participants in this study
had food intolerances, and that foods presented during the VP task were among those
they avoid (e.g., cheese). No study has examined attention control in the context of
poorly tolerated or disliked foods, nevertheless, we expect that people would respond
to these stimuli in an atypical manner. Future studies must employ more stringent
measures to control for this effect on attention towards food. This may involve the

use of additional inclusion/exclusion criteria (i.e., excluding individuals with food
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intolerances) or, preferably, the use of personalised food stimuli. Where
personalisation is not feasible, participants’ views about the food stimuli (e.g., the
extent to which they are liked, perceived taste, perceived calorie content) should be

assessed so that these confounds can be adequately controlled for.

Finally, as BED diagnosis was assessed at telephone screening and confirmed using
the EDE-Q, it is unlikely that individuals in the BED group did not meet DSM-5
criteria for BED or that those in the OB group met criteria for BED at the time of
assessment. Nevertheless, studies have shown that sensitivity and specificity is
poorer for EDE-Q items assessing complex overeating behaviours (i.e., binge
eating), so it is possible that binge eating behaviour was under-reported in this study
(Reas et al., 2006). Alternative instruments, including the Eating Disorder
Examination (clinical interview; Fairburn, Cooper & O’Conner, 2014) and the Binge
Eating Scale (Gormally et al., 1982), have been shown to provide a more reliable and
sensitive assessment of BED symptoms, and should be considered in future studies

involving participants with BED.

Overall, our findings suggest that both groups present with a strong AB towards
high-calorie food stimuli, and that this AB may be amplified in the context of
craving. Although we did not find significant differences between groups, it is
important to note that AB towards low-calorie foods was descriptively higher in
participants with obesity with BED and the relationship between AB towards high-
calorie food cues and craving was stronger in this group. Taken together, it is
possible that AB towards food is distinct in obesity with BED, when compared to
obesity without BED. Future studies using free-viewing paradigms which manipulate

appetitive motivational factors will help to clarify this.
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Abstract

Background: Binge eating disorder (BED) is a common and disabling problem
associated with impaired cognitive control. Preliminary studies show that brain-
directed treatments, including transcranial direct current stimulation (tDCS) and
attention bias modification training (ABMT), improve cognitive control and alleviate
symptoms of BED. When combined, tDCS may enhance the effects of ABMT, and

vice versa, thereby improving treatment outcomes.

Methods: This protocol describes a feasibility single-blind randomised sham-
controlled trial of concurrent self-administered tDCS and ABMT in adults with BED
(The TANDEM Trial). Eighty adults with BED will be randomly assigned to one of
four groups: ABMT with real or sham self-administered tDCS, ABMT only, or
waiting list control. In the treatment arms, participants will complete 10-sessions of
their allocated intervention over 2-3 weeks. Outcomes will be assessed at baseline
(T0), immediately post-treatment (T1), and 6 weeks after end of treatment (T2), and
at comparable timepoints for participants in the waitlist control group. Feasibility
will be evaluated by assessing recruitment/retention rates and blinding success.
Acceptability will be assessed quantitatively via participant ratings and qualitatively
via semi-structured interviews. Episodes of binge eating at follow-up will be the
primary clinical outcome and rate ratios from Poisson regression will be reported.
Secondary outcomes will assess changes in ED and general psychopathology,

attention bias towards high-calorie foods, and executive function.

Discussion: It is hoped that data from the trial will contribute to the development of
neurobiologically informed treatments for BED, provide insights into the potential

use of at-home variants of tDCS, and inform the design of future large scale trials.
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4.1 Introduction

Binge eating disorder (BED) is a common and disabling eating disorder (ED)
affecting 1-3% of the global population (Giel, Bulik, et al., 2022). It is characterised
by recurrent episodes of binge eating accompanied by feelings of loss of control and
subsequent distress. Episodes occur in the absence of compensatory behaviours
intended to prevent weight gain (American Psychiatric Association, 2013). Among
individuals with BED, psychiatric and physical health comorbidities are common,;
nearly 80% of those diagnosed with BED will suffer from another psychiatric
disorder during their lifetime (Mustelin et al., 2018), and up to 88% live with
overweight or obesity, increasing individual risk for obesity related physical health
problems (Wassenaar et al., 2019). Consequently, the economic and quality of life
burden associated with BED is substantial (Le & Mihalopoulos, 2021; Santomauro et
al., 2021; Streatfeild et al., 2021).

Psychotherapy (particularly cognitive behaviour therapy (CBT)) and self-help
interventions are recommended first-line treatments for BED (Giel, Bulik, et al.,
2022). However, only about half of those who complete treatment report a significant
reduction in, or abstinence from, binge eating in the 12-months following the end of
treatment: moreover, neither treatment yields a significant or sustained reduction in
weight (Hilbert, 2019). With respect to pharmacotherapy, second-generation
antidepressants, anticonvulsants, and central nervous system stimulants produce
short-term reductions in episodes of binge eating and are routinely used when
treating BED. However, drug-driven reductions in binge eating episodes are not
sustained beyond 3-6 months (Hilbert, 2019). Lisdexamphetamine, a central nervous
system stimulant, is the only drug approved for use in the treatment of moderate-
severe BED. However, the effect of the drug on ED psychopathology and mood
remains unclear, and data on the long-term maintenance of effects are lacking. There
are also significant risks associated with the drug’s use; little is known about the
effects of long-term administration, and rates of adverse events and premature
discontinuation of the drug were elevated in randomised controlled trials (RCTs)
(Hilbert, 2019; Schneider et al., 2021). It is possible that combining psychotherapy
with pharmacotherapy may produce superior outcomes from treatment, however,
findings from a recent meta-analysis yielded minimal support for this hypothesis; of

the 12 included trials, only two reported that combined treatment enhanced binge
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eating and weight outcomes, both of which used anticonvulsant medications, and
only two reported modest improvements in weight loss, but not binge eating,
outcomes, both of which used the weight-loss medication, Orlistat (Reas & Grilo,

2021).

It is widely agreed that novel treatments informed by neurobiological models of
illness are needed (Schmidt & Campbell, 2013). Current models propose that
emotion dysregulation, elevated food cue reactivity, and executive dysfunction, are
central to the aetiology and maintenance of BED (Blume et al., 2018; Boswell &
Grilo, 2021; Cury et al., 2020; Iceta et al., 2021; Leehr et al., 2015; Smith et al.,
2021). These difficulties may indicate a broad impairment in cognitive control, and
therefore aberrant functioning of the brain’s cognitive control network. Cognitive
control is the ability to orchestrate thought and action in accordance with internal
goals and relies on prefrontal brain regions (e.g., the dorsolateral prefrontal cortex
[DLPFC]) and associated neural networks (Miller & Cohen, 2001). In this
framework, the affective reactivity (i.e., craving and emotional reactivity) and poor
self-regulatory abilities reported in BED may be a consequence of impairments in
cognitive control, and interventions which improve cognitive control may facilitate

remission from BED.

Neurocognitive training is one tool which may be used to improve cognitive control.
One class of neurocognitive training programmes, known as cognitive bias
modification (CBM) uses experimental paradigms to change biased cognitive
processes which perpetuate maladaptive behaviour (Jones et al., 2016). Attention
bias modification training (ABMT) is a form of CBM which aims to alter the
automatic allocation of attention towards salient cues. Food-specific variants of
ABMT, which were developed for use in binge-type EDs and obesity, train
individuals to avoid salient high-calorie food cues and attend to neutral and low-
calorie food cues (Renwick et al., 2013). Meta-analyses of RCTs in healthy
volunteers have revealed that a single session of food-specific ABMT is associated
with a significant short-term reduction in high-calorie food consumption (medium
effect size) (Turton et al., 2016) and a significant short-term reduction in bias
towards high-calorie foods (medium effect size) (Fodor et al., 2017). Though few
studies have used food-specific ABMT in BED, those that have report promising

outcomes from treatment. One study reported that a single session of ABMT was
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associated with a significant short-term reduction in subjective food craving
(Schmitz & Svaldi, 2017). Another open feasibility trial delivered eight weekly
sessions of ABMT and reported significant post-treatment reductions in weight, ED
symptoms, episodes of binge eating, and attention bias towards food, and these were
sustained to 3-month follow-up (Boutelle et al., 2016). Thus, although data on the
long-term effects of ABMT are lacking, the available evidence suggests that ABMT
may improve affective regulation in the context of food (i.e., cognitive control), and

may have clinical utility in BED.

Non-invasive brain stimulation (NIBS) may also be used to modify functioning of
cortical regions or networks implicated in BED (Dalton et al., 2018; Dalton et al.,
2017). Transcranial direct current stimulation (tDCS) is a NIBS technique which
may be particularly well suited to the treatment of BED: it is a safe and well tolerated
technique which is inexpensive, portable, easy to use, and suitable for remote self-
administration (Brunoni et al., 2019; Moffa et al., 2018). In tDCS, a constant weak
direct current is applied via electrodes placed on the scalp to increase (anodal tDCS)
or decrease (cathodal tDCS) cortical excitability. Specifically, tDCS modulates
network dynamics within functionally connected areas beyond the cortical regions
located beneath the electrodes. As a result, tDCS has the potential to modulate task-
or symptom-specific neural networks. These changes in cortical excitability outlast
the stimulation period (up to 60 minutes after a single-session) and, with repeated
administration, may lead to lasting changes in brain function (Brunoni et al., 2019).
In light of this, tDCS is being applied to the treatment of psychiatric disorders with
moderate success, particularly in major depression. However, questions remain about
optimal participant/patient selection, parameters for stimulation, mechanisms of

action and the effects of long-term use.

Proof-of-concept studies suggest that tDCS may be effective for the treatment of
binge-type EDs. In bulimia nervosa (BN), a proof-of-concept RCT with 24-hour
follow-up, indicated that a single-session of right DLPFC anodal tDCS improves ED
psychopathology, reduces craving for food, reduces urge to binge, and improves self-
regulatory control during reward related decision making (Kekic et al., 2017). In
BED, a single-session RCT using right DLPFC anodal tDCS reported a short term
reduction in craving for food and desire to binge eat in participants who received real

tDCS (Burgess et al., 2016). This finding was replicated in a sham-controlled
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crossover trial: following a single-session of right DLPFC anodal tDCS, short-term
improvements in food-related response inhibition and craving for food were
observed in participants who received real 2mA tDCS stimulation, as opposed to

real-lmA or sham stimulation (Max et al., 2021).

Two studies have examined the effect of multiple sessions of tDCS on BED
symptoms. A randomised sham-controlled trial involving 32 adults examined the
effect of 10 sessions of tDCS on attention bias towards food, craving for food, and
cognitive flexibility (Afzali et al., 2021). In this trial, tDCS was given with the anode
over the left DLPFC and the cathode over the right DLPFC (2mA/20 minutes).
Sessions were three/week until 10 sessions had been completed. At post-treatment
and 45 day follow-up, real tDCS treatment was associated with a greater reduction in
attention bias towards food, a greater reduction in craving for food, and an
improvement in cognitive flexibility. However, effect sizes were small, and the
authors acknowledged several study limitations, including a small sample (n=32) and
concerns about the effect of poor eye-tracker calibration on the reliability of attention

bias outcomes.

Our group has also recently completed an RCT of six sessions of right-anodal tDCS
targeting the DLPFC delivered over three weeks in adults with BED (n=65, Gordon
et al. (2019) for protocol). In this trial, we examined whether symptoms of BED were
improved by an intervention involving the concurrent delivery of tDCS and approach
bias modification training, a form of CBM which targets approach bias towards high-
calorie foods. Participants were randomly allocated to one of three study groups
(approach bias modification training with real tDCS, approach bias modification
training with sham tDCS, or wait-list control) and outcomes were assessed at
baseline, 3-weeks post-randomisation, and 7-weeks post randomisation. Clinical and
neurocognitive outcomes are yet to be published; however, findings from a
qualitative study of the treatment experience indicate that this combined approach to

treatment is tolerable and acceptable (Gordon, Williamson, et al., 2021).

It has been suggested that the efficacy of tDCS may depend on the functional state of
the brain at the time of stimulation. If this is true, then greater and longer-lasting
neuroplastic effects might be achieved when tDCS and CBM co-activate a disorder-
related neural network (Vanderhasselt & Ottaviani, 2022). This may be because, by
altering the relationship between excitatory (glutamatergic) and inhibitory
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(GABAergic) systems in the brain (Krause et al., 2013), tDCS creates optimal
conditions for memory reconsolidation, a process which may re-enforce the new
learning which takes place during CBM. Similarly, CBM promotes the activation of
disorder relevant brain areas, and this might enhance the effectiveness of stimulation.
Consistent with this, several studies in anxiety, depression, and substance abuse
disorders have reported superior outcomes from treatment when tDCS was combined
with interventions which activate cognitive control regions (Heeren et al., 2015;

Heeren et al., 2017; Rigi Kooteh et al., 2019).

In summary, concurrent tDCS and food-specific CBM may be a promising treatment,
or adjunct to treatment, for BED. This is because of (a) evidence suggesting that
tDCS and food-specific CBM may independently produce therapeutic effects in
BED, and (b) the neurobiological rationale for combining these two treatments.
Moreover, with the recent arrival of tDCS devices intended for supervised self-
administration, both interventions can now be safely provided in the home, thereby
increasing their accessibility and scalability. Accordingly, we present the protocol for
a feasibility randomised controlled trial of concurrent at-home self-administered

tDCS and food-specific ABMT in BED (The TANDEM trial).
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4.2 Study Aims

The primary aim of the TANDEM trial is to assess the feasibility of using 10
sessions of concurrent food-specific ABMT (henceforth, ABMT) and self-
administered tDCS targeting the DLPFC (anode right/cathode left montage) as a
treatment for BED. This intervention will be compared to training in combination
with sham stimulation, stand-alone training, and a “no treatment” waiting control
condition. In doing so, we aim to acquire key information to inform the design of a

large-scale RCT.
Specifically, we aim to:

a) estimate the rate ratio for the proposed primary outcome, change in the
number of monthly episodes of binge eating from baseline to follow-up. This
will inform the sample size calculation for a large-scale RCT.

b) explore the feasibility of conducting a large-scale RCT of at-home self-
administered concurrent tDCS and ABMT in adults with BED by assessing
recruitment, attendance, and retention rates;

c) assess acceptability by examining participant ratings of treatment
acceptability and tolerance, and by evaluating feedback provided during
semi-structured interviews;

d) determine the best instruments for measuring primary and secondary
outcomes in a full trial by examining the quality, completeness, and

variability in the data.

The primary clinical endpoint will be the change in monthly episodes of binge eating
from baseline to follow-up. Secondary aims will focus on evaluating changes in
overall ED pathology and general psychopathology, changes in attention bias
towards high-calorie foods, and changes in executive functioning from baseline to 6-

weeks post-treatment completion.
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4.3 Methods

Reporting of this protocol is guided by the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) checklist (Chan et al., 2013)
and the Consolidated Standards of Reporting Trials (CONSORT) statement
extension for feasibility randomised controlled trials (Eldridge et al., 2016). The
TANDEM trial has also been registered with the U.S. National Institute for Health
(NIH) Clinical Trials database (clinicaltrials.gov; trial identifier: NCT04424745).

Copies of all documentation relating to research ethics are provided in Appendix C.
4.3.1 Study design

TANDEM is a randomised single-blind sham-controlled feasibility trial with four
parallel arms: ABMT + real tDCS, ABMT + sham tDCS, ABMT only, and 8-week
wait-list control. After baseline assessment (T0), participants will be randomly
allocated to a study group. Those allocated to treatment groups will then complete 10
sessions of their allocated treatment over 2 weeks. Outcome measures will be
completed first at baseline (T0), then again immediately after completing treatment
or after 2-weeks waiting (T1), and finally 6-weeks after completing treatment, or
after 8-weeks of waiting (T2). Process outcomes will also be assessed at each

treatment session.
4.3.2 Participants
4.3.2.1 Recruitment

Recruitment for this trial began in March 2021 and ran for 12 months. Participants
will be recruited from the community (via advertisements on social media, research
participant recruitment websites, and university-managed webpages), and from the
South London and Maudsley outpatient ED service. See Appendix F for copies of

community and patient facing recruitment materials.

People interested in the study will receive verbal and written information about the
study rationale, aims, and methodology. Specifically, participants are told that there
is tentative evidence to suggest both tDCS and ABMT may reduce craving for food
and episodes of loss of control eating, and that the present study will be the first to
examine whether combining these two interventions may alleviate symptoms of

BED. After providing written consent, participants will be screened against inclusion
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and exclusion criteria (See Appendix G for screening instruments). Participant

information and consent forms are provided at Appendix D and Appendix E.

4.3.2.2 Inclusion Criteria

Participants eligible for the trial must comply with all of the following criteria at

randomisation:

1) Aged 18-70 years.

2) Right handed

3) Meet criteria for overweight or obesity (BMI >25kg/m?).

4) Meet diagnostic criteria for full-syndrome BED diagnosis according to
the Diagnostic and Statistical Manual 5" Edition (2013).

5) Normal or corrected to normal vision.

6) Access to a laptop or desktop computer with a webcam.

4.3.2.3 Exclusion Criteria

1)

2)

3)

4)

5)

6)

7)

8)
9)

Insufficient knowledge of the English language.

Pregnancy or suspected pregnancy.

Enduring COVID-19 related symptoms which may alter eating behaviour,
including loss of taste or smell.

Current significant or unstable medical or psychiatric disorder needing acute
treatment in its own right.

A lifetime diagnosis of substance dependence, psychosis, bipolar disorder, or
borderline personality disorder.

Developmental or neurological disorder (e.g., dementia, attention deficit
hyperactivity disorder, autism spectrum disorder).

Psychotropic medication other than a stable dosage of an antidepressant (e.g.,
selective serotonin reuptake inhibitor) for at least 14 days prior to study
enrolment.

Non-removable metal parts in the area of the head (excluding dental work).

History of epilepsy or migraine.

10) Use of a pacemaker.

We will report the number of participants excluded, with reasons, and the number

who decline consent or withdraw from the study, with reasons where provided.
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4.3.3 Sample size

As TANDEM aims to establish feasibility rather than between-group differences, an
a priori sample size calculation is not necessary. Guidance suggests that, where
available, sample size should be based on previous feasibility or pilot studies of a
similar intervention, or with a similar primary outcome measure or trial design.
Where this information is lacking, it is argued that a total sample between n=12 and
n=50 is sufficient for robust assessment of feasibility outcomes (Eldridge et al.,
2016). Previous comparable trials in BED included 20 participants in each trial arm
(e.g., Gordon et al. (2019) and Giel, Schag, et al. (2022)). As this trial includes four
arms, we have chosen a target end study sample size of n=80. Assuming the attrition
to follow-up rate is ~10% (as found in previous recent BED treatment trials, e.g.,
Schag et al. (2019)), we will recruit an actual sample size of 88 (22
participants/group).

4.3.4 Randomisation

The study will use a randomised controlled design, stratified by age, gender and
BMI. Participants will be randomly allocated to a study group in a 1:1:1:1 ratio.
Randomisation will be completed using the Sealed Envelope Simple+ randomisation

service (https://www.sealedenvelope.com/). After completing the T2 assessment,

participants in the waiting control arm will be offered ABMT.
4.3.5 Blinding and protection against bias

For pragmatic reasons, single blinding will be implemented for ABMT + real tDCS
and ABMT + sham tDCS groups. As such, participants in tDCS treatment groups
will be blinded to real/sham allocation, but the researcher who leads treatment and
conducts assessments will be unblinded. A validated protocol for sham stimulation
will be used to deliver sham treatment; in the sham condition, tDCS electrodes will
be properly mounted over the right and left DLPFC, and a 2mA current will be
applied for 60 seconds at the beginning and end of each session. During the first and
final 60 seconds of each session, no ABMT will be completed. Therefore,
participants who receive sham will perceive typical sensations of tDCS (e.g.
tingling), but will be unaffected by the stimulation. To assess if blinding was
successful, participants will be asked to guess which condition they believe they have

received and indicate how certain they feel about this. Once T2 and, where relevant
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the optional semi-structured interview about the treatment experience, are complete,
participants will be unblinded. Those who receive sham treatment will not be offered
any additional treatment. Blinding will not be implemented for ABMT only and

waiting conditions.

The single-blind study design increases risk for experimenter bias. To protect against
bias, self-report questionnaires (as opposed to interviews) will be used to assess
clinical outcomes, including episodes of binge eating. All outcome measures will be
collected online using either Qualtrics™ for questionnaire measures, or Gorilla™ or
Inquisit Millisecond for neurocognitive task measures. As such, the experimenter
will have no influence on participant responding or task performance. Semi-
structured interviews about the treatment experience will be conducted before
participants are unblinded and by independent investigators who are naive to

real/sham allocation.
4.3.6 Intervention

Participants will complete 10 sessions of tele-supervised treatment over 2-3 weeks
(i.e., week daily sessions until 10 sessions have been completed). Sessions will
involve either concurrent ABMT and real/sham tDCS, or ABMT only. Participants in

the waiting control arm will receive ABMT after completion of the T2 assessment.
4.3.6.1 Attention Bias Modification Training

ABMT aims to train participants to ‘look towards’ low-calorie food and ‘look away’
from high-calorie food using a modified version of the anti-saccade task by
Werthmann et al. (2014). Training is completed on a personal laptop or desktop
computer and lasts 10-15 minutes with breaks. Participants completing concurrent
treatment (i.e., ABMT + real/sham tDCS) will begin ABMT five minutes after
starting the stimulation. They will also be instructed to rest while waiting to begin

and after completing the training.
ABMT Paradigm

The modified task consists of 360 trials. Of these, 180 require participants to look
towards low-calorie foods, and 180 trials require participants to look away from
high-calorie foods. At the beginning of each trial, a black fixation point appears for

100ms, followed by a red or blue fixation point (500ms). A blue point indicates that a
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pro-saccadic eye movement is required (i.e., look towards the food picture which
appears after the fixation point), whereas a red point requires an anti-saccadic eye
movement (i.e., direct the gaze away from the food picture which appears after the
fixation point). Low-calorie cues are always preceded by a blue dot and high-calorie
food cues are always preceded by a red dot. A blank screen is inserted for 200ms
between the fixation point and the stimulus presentation. The pictorial stimulus (a
high- or low-calorie food picture) then appears on either the left or the right side of
the screen for 500ms. Inter-trial interval is 1300ms. Trials will be presented in a
random order across three blocks, each including 120 trials. See Figure 4.1 for an

example of a pro-saccade and anti-saccade stimulus presentation.
Stimuli

Pictorial stimuli are 30 low-calorie food and 30 high-calorie food pictures, which are
visually matched for brightness, colour, and complexity, taken from Werthmann et
al. (2014). Each image is presented twice in each block, once on the left side of the
screen and once on the right side of the screen (in a counterbalanced order), resulting
in a total of 360 training trials (30 food stimuli + 30 non-food stimuli x 2 positions X

3 blocks).
Response and Feedback

In addition to directing their gaze towards or away from the stimulus presented,
participants will be instructed to press the arrow key which corresponds with the
direction of their gaze. Response latencies will be recorded to monitor accuracy and
provide participants with feedback. For each block, number of correct responses will

be summed and presented as percentage score to the participant.

Figure 4.1. ABMT stimulus presentation.

+ + € Fixation Cross
° ° & Dot Pro-Saccade or Anti-saccade
<Gap Screen
e ﬁ & Stimulus
%
- et

Note: Left = pro-saccade stimulus presentation (i.e., participant is to look towards the food image
presented). Right = anti-saccade stimulus presentation (i.e., the participant is to move their gaze away
from the stimulus).
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4.3.6.2 Self-Administered Transcranial Direct Current Stimulation

Participant administered tDCS will be delivered using the Newronika HDC system
(Figure 4.2). The Newronika system consists of an easy to use, lay-person friendly
stimulator, a programming device used by the researcher to securely set stimulation
parameters, and a customisable MindCap electrode placement system which ensures
simple, safe, and reliable placement of the anode and cathode over the right and left
DLPFC. Stimulation will be delivered at a constant current of 2 mA (with a 30
second fade in/fade out) for 20 minutes. This tDCS montage has been used in studies
of food craving, BN, and BED (Giel, Schag, et al., 2022; Gordon et al., 2019; Kekic
et al., 2017). As with real tDCS, sham stimulation will run for 20 minutes however,
participants will not receive active stimulation for the full 20-minute period. Instead,
sham participants will receive 60 seconds of stimulation at the start (“ramping up”)

and the end (“ramping down”) of the stimulation period.

Figure 4.2. Equipment for tDCS self-administration.

Stimulator MindCap

4.3.6.3 Rationale for Session Number and Frequency

Although consensus around the optimal number of ABMT sessions is lacking, a
review of meta-analyses of CBM concluded that the number of sessions appears to
moderate outcomes, with higher session numbers being associated with greater
change in cognitive bias (Jones et al., 2016). In line with this, Beard (2011) found
that as session number increased, so did the potency of the effect of CBM on

symptoms in depression, anxiety, and addiction disorders. However, this effect
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appeared to stabilise after 10 sessions. Therefore, 10 sessions may be the optimal

dose for ABMT.

With regards to tDCS, although there is a similar lack of consensus about the optimal
treatment parameters, it is broadly accepted that multiple sessions are needed to
achieve lasting therapeutic effects (Brunoni et al., 2019; Moffa et al., 2018). The vast
majority of multisession studies in psychiatric disorders have applied 10-sessions of
tDCS once daily over 2-3 weeks (Moffa et al., 2018). Thus, the choice of 10 sessions

is also supported by the literature on tDCS use in psychiatric disorders.
4.3.6.4 Safety Procedures

Published guidance for ensuring participant safety during self-administration of
tDCS will be adhered to (Knotkova et al., 2019). This guidance is as follows: First,
training and supervision should be provided to those self-administering tDCS. In
TANDEM, all participants will be trained in safe tDCS self-administration, and all
treatment sessions will be supervised via video-call. Second, the tDCS equipment
used must be intended for home use by the lay community. We will use the
Newronika HDC stimulator and MindCap electrode placement system which is CE
marked for supervised home use in the UK and Europe. This equipment is pre-
programmed by the researcher, simple to use, and includes features which prevent
misuse (e.g., the researcher can set a minimum time between treatment sessions,
and/or set a maximum number of sessions before re-calibration by the researcher).
Third, care must be given to the participant’s capacity for self-administration. Prior
to beginning treatment, the TANDEM researcher will assess each participant’s
ability to self-administer tDCS safely. Where necessary, additional training will be
provided. Participants who cannot safely self-administer tDCS after training will be
withdrawn from the study, and the reason for their withdrawal will be reported.
Fourth, tDCS tolerance and adverse events must be assessed at each session.
Consistently, process outcomes will monitor tDCS tolerance and adverse events at
each treatment session (see “Outcome Assessment” for more details). In addition,
during or near to the final (T2) assessment, tDCS tolerance and adverse events will

be assessed in an optional semi-structured interview about the treatment experience.
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4.3.6.5 Concomitant care

As the trial focusses on feasibility rather than efficacy, participants will be allowed to
receive other parallel treatments for their ED. Concurrent use of psychoactive
medications (excluding neuroleptics or benzodiazepines) will be allowed, providing

the dose has been stable for at least 14 days prior to baseline assessment.
4.3.7 Trial procedure

The individual participant timeline is illustrated in Figure 4.3. Study duration for
each participant is 8 weeks. All participants will partake in assessments at each of the
three time points; baseline (T0), post-treatment (T1) and follow-up (T2). Each
assessment will be completed via videoconferencing (i.e., participants complete both
assessments and treatment at home using a laptop or desktop computer with a

XM and

webcam). Questionnaire measures will be completed online using Qualtrics
neurocognitive tasks will be completed online using either Gorilla™ or Millisecond
by Inquisit™. Assessments will take place between 9am and 5pm, and participants
will complete their assessment at the same time of day for the duration of the trial

(i.e., each participant will complete each assessment at the same time of day).

Informed consent will be provided via an online consent form (Qualtrics*™). Once
completed, potential participants will be screened over the phone for inclusion in the
study. At screening, BED diagnosis is confirmed using a standardised interview
(Eating Disorders Diagnostic Screen; Stice et al. (2000)). Physical and psychiatric
comorbidities, current medications, and tDCS safety are assessed using a general
health questionnaire developed for the purpose of screening. Eligible participants
then complete the baseline (T0) assessment. After baseline assessment, participants
are randomised to one of four groups: (1) ABMT + real tDCS, (2) ABMT + sham
tDCS, (3) ABMT only, or (4) wait-list control group. Intervention groups will then
complete 10 sessions of treatment, up to 5 sessions/week, across 2-3weeks.
Treatment sessions will take place at the same time of day each day, and participants
will be asked not to eat or drink anything for at least 2 hours prior to each session.
The waitlist control group will receive no experimental treatment during this time.
All participants will complete the post-treatment assessment (T1) after the 10" (final)

session of treatment or 2-weeks of waiting, and the follow-up assessment (T2) 6-
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weeks after completing treatment, or after 8-weeks of waiting. After completing the

final (T2) follow-up, waiting control participants will receive ABMT.

Figure 4.3. Participant Timeline

TO Treatment/Waiting T1 T2
° oo |o|e|e oo |o|e|e o|— | o
Real tDCS + ABMT 6 Weeks
° °
° KKK oo |eo|eo|e ° °
Sham tDCS + ABMT 6 weeks
° °
° oo |eo|eo|e e|oe|eo|eo|e o | o
ABMT Only 6 Weeks
° °
° o |0
Waiting Control No Treatment 6 Weeks
Days Since
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 56

Randomisation

Figure Legend. ® =tDCS self administration training, ® = outcomes assessment, ® = treatment session.

4.3.8 Outcome assessment
4.3.8.1 Primary outcomes

The primary clinical outcome will be the change in monthly episodes of objective
binge eating from baseline (T0) to follow-up (T2), as measured by the Eating
Disorders Examination Questionnaire [EDE-Q, Fairburn and Beglin (2008)].
Episodes of objective binge eating in the previous month will be drawn from items
13 and 14 of the EDE-Q. Item 13 asks, “Over the past 28 days, how many times have
you eaten what other people would regard as an unusually large amount of food
given the circumstances?” and item 14 follows with: “On how many of these times
did you have a sense of losing control over your eating?”. Responses to item 14
indicated the number of episodes of objective binge eating in the previous 4 weeks.”
Medians and rate ratios (with confidence intervals) will be reported, and these will
inform the minimum sample size required for a fully powered large-scale RCT. Rates
for recruitment and retention to 8-week follow-up will also be reported to provide

insight into the time and resources needed for a larger trial.

Intervention acceptability will be assessed in two ways. First, by asking participants
the following two questions at post-treatment (T1) and follow-up (T2) assessments:
(1) “If you could continue with this treatment, would you?” (Yes/No) and “Would
you recommend this treatment to a friend who was struggling with binge eating?”

(Yes/No). The intervention will be viewed as acceptable if at least 75% of those who
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receive the real concurrent treatment indicate that they would continue the
intervention if given the opportunity and/or if 75% would recommend the treatment
to a friend. Second, at or near-to the final (T2) assessment, participants will be
invited to complete an optional semi-structured interview about the treatment
experience. This will provide qualitative data which will give insight into (a) whether
participants viewed the treatment as acceptable and (b) why/why not. Interviews will

be recorded, transcribed, and analysed using thematic analysis.

Feasibility will also be assessed by looking at participant ratings of tDCS tolerability.
Participants who receive tDCS will complete a 10-point visual analogue scale (VAS)
of tDCS discomfort after each session. We will then take the average of ratings
across the ten sessions for each participant and use this to assess the average rating
for tDCS related discomfort for the real tDCS + ABMT group. The intervention will
be considered well-tolerated if this number is <4 (i.e., mild discomfort). Prior to
beginning each tDCS session, participants will also report any side effects they have
experienced since their previous session. The type and frequency of side effects will

be reported for consideration.
4.3.8.2 Secondary outcomes

Secondary outcomes will be assessed using validated self-report instruments and
neuropsychological tasks. Change in score/performance from baseline (TO) to post-
treatment (T1) and follow-up (T2) will be examined by looking at within- and
between-group effect sizes and standard deviations. These data will inform outcome

measure selection for a future large-scale RCT.
4.3.9 Outcome measures

See Table 4.1 for a summary of the measures collected at each timepoint and

Appendix H. for copies of each measure.
4.3.9.1 Questionnaire measures

Participants will complete a battery of questionnaire measures at each assessment
(TO, T1 and T2). These will assess ED psychopathology [Eating Disorder

Examination Questionnaire (Fairburn & Beglin, 2008)], general psychopathology
[Depression, Anxiety and Stress Scale — 21 item version (Lovibond & Lovibond,

1995)], craving for food [Food Craving Questionnaire — trait version (Cepeda-Benito
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et al., 2000)], ED related clinical impairment [Clinical Impairment Assessment
(Bohn & Fairburn, 2008)], emotion dysregulation [Difficulties with Emotion
Regulation Scale — 16 item version (Bjureberg et al., 2016)], and impulsivity [Barratt
Impulsiveness Scale (Patton et al., 1995)]. Self-reported weight and height will be
used to calculate BMI.

4.3.9.2 Task measures of neurocognition

Attention bias towards high-calorie foods will be assessed using the visual probe task
described in Mercado, Werthmann, et al. (2020). In TANDEM, as participants will
be taking part from home, webcam based eye-tracking technology (as opposed to

specialist lab-based eye-tracking equipment) will be used to record eye movements.

Food-related attention will be assessed using the food-specific attention network
task described in Hege et al. (2017) and in Mercado, Werthmann, et al. (2020). This
task examines three components of attention (alerting, orienting, and executive

function) using food (low- and high-calorie) and non-food picture stimuli.

Working memory will be assessed using the n-back task described in (Meiron &
Lavidor, 2013). Accuracy (% correct responses) and reaction time for correct

responses (ms) will be reported.

Affective inhibitory control will be assessed using the Face Affective Go/No-Go task
from the EMOTICOM neuropsychological test battery (Bland et al., 2016). Error rate
and latency will be used to estimate inhibitory control, and reaction times will be

used to calculate affective bias scores.

Cognitive flexibility will be assessed using the Wisconsin Card Sorting Test (Kongs
et al., 2000). Difficulties with set-shifting will be reflected in perseverative errors,

thus, higher scores on this test indicate poorer performance.

Preference for immediate versus delayed rewards will be assessed using the delay
discounting task described by Kirby and Marakovi¢ (Kirby & Marakovi¢, 1996).
Modelling techniques are used to fit participant responses to the function that relates
time to discounting. This produces a temporal discounting curve. The rate at which
delayed rewards are discounted will be derived by calculating the area under the
curve, and steeper discounting will be reflected by a smaller area under the curve

(Myerson et al., 2001).
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4.3.9.3 Optional semi-structured interview

All participants (i.e., including those who received ABMT only) will be invited to
complete a semi-structured interview about the treatment experience. This interview,
developed for the TANDEM trial, was based on previous semi-structured interviews
about tDCS treatment by Gordon, Williamson, et al. (2021) and Smits et al. (2021).
Questions examined seven domains of acceptability: affective attitudes, burden,
ethicality, intervention coherence, opportunity costs, perceived effectiveness, and

self-efficacy. Interview prompts are presented in Appendix H.13.
4.3.9.4 Within-session measures

At each treatment session participants will complete measures of current symptoms
and, where relevant, tDCS related discomfort. Before each treatment begins,
participants will complete an online “check in” questionnaire which asks about
episodes of binge eating since their previous session and, where relevant, adverse
events/side effects that may be related to tDCS. They then complete 10-point visual
analogue scales (VAS) assessing current hunger, feeling of fullness, craving for food,
urge to binge, level of tension, level of stress, level of discomfort, and feeling of low
mood. At the end of each session, participants complete a “check-out” questionnaire
which repeats VAS measures and, where relevant, asks about tDCS related

discomfort during the session.
4.3.10 Data analysis

The primary analysis will use the number of episodes of binge eating in a Poisson
regression model with baseline adjustment. Descriptive statistics will be used to
assess recruitment and retention rates, intervention adherence, and the quality and
completeness of the data. In secondary analyses, a mixed model approach will be
used to analyse the effect of treatment on primary (PO) and secondary outcomes
(SOs), with baseline adjustment. To examine the whether the effect of treatment is
different for different levels of overweight or obesity, BMI will be included in the
model as an interaction effect. Effect sizes will be analysed and reported for PO and
SOs. For the Poisson regression, rate ratios will be reported. For binary outcomes,
odds ratios will be reported. For quantitative outcomes, standardized differences will
be reported. Primary parameters will be time vs. treatment interactions at both

timepoints after baseline. P-values will be reported but for exploratory purposes only
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(i.e., they will not be interpreted to accept or reject the null hypothesis). The analyses
will be done in the intent to treat population, which is defined by including all
patients with baseline assessment. Outcome data already obtained for participants
who discontinue or deviate from the intervention protocol will be kept and analysed.
Analyses will be conducted using RStudio (R: Core Team, 2020). Effect sizes for
change scores will be reported using Hedge’s g: a measure of effect size which
provides more stringent control for inflation in studies using a small sample size
(e.g., n < 20). The effect size expresses the difference of the means in units of the
pooled standard deviation. Cohen (1977) proposed a “rule of thumb” for interpreting

Hedge’s g: effect sizes < 0.2 are small, < 0.5 are moderate, < 0.8 are large.

Table 4.1 Summary of outcome assessment by visit

Screening TO In Treatment Tl T2

Eating Disorder Diagnostic Screen X

TDCS Safety Screen X

General Health and Lifestyle Questionnaire X

Demographics

Eating Disorder Examination Questionnaire

Depression, Anxiety, Stress Scale

Food Craving Questionnaire — Trait Version

Clinical Impairment Assessment

Difficulties in Emotion Regulation Scale

Barrett Impulsiveness Scale

Visual Probe Task

T o T T R P P ol b

Food Attention Network Task

N-Back Task

Wisconsin Card Sorting Task

Delay Discounting Task

Affective Go/No-Go Task

o TN (o TN e P P N P S Pl Pl i S
T T T e o o P b o I o T I e

VAS Measures

Assessment of tDCS Discomfort/Side X

Semi-structured interview about treatment X
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4.3.11 Patient and public involvement

In our previous trial of tDCS enhanced CBM in BED, a subset of participants
completed a semi-structured interview about their treatment experience (Gordon et
al., 2019). These interviews included a question about participant views about future
directions for tDCS in BED. While these responses did not refer directly to at-home
treatment, participants described practical barriers to accessing treatment (e.g., caring
responsibilities, time pressures, and travel burden). From these responses, we
inferred that participants would welcome investigation into at-home treatment. Prior
to submitting the study protocol for review by the research ethics committee, ten
randomly selected participants from our previous trial were invited to provide
feedback about the proposed intervention procedures, and the objectives for the
research. Eight participants responded with constructive feedback which was

incorporated into the study before ethics approval was awarded.

Participant facing forms were also reviewed by people with lived experience of
mental health problems and their carers via the South London and Maudsley’s

Feasibility and Acceptability Support Team for Researchers (FAST-R).
4.3.12 Ethical considerations

The TANDEM trial was awarded favourable opinion by the London-Fulham NHS
Research Ethics Committee on the 6™ of August 2020 (REC Reference 20/L0O/0936).
Approval to begin the trial was granted by the Health Research Authority (HRA) on
the 6™ of August 2020. All trial participants will provide written informed consent
prior to inclusion into the study and may withdraw from the trial at any point,

without consequence or giving a reason.
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4.4 Discussion

The TANDEM trial will be among the first feasibility studies of concurrent tDCS
with cognitive training in BED (see also Gordon et al, 2020; Giel, Schag et al.,
2022). As such, we expect it will contribute new information and will inform the
continued development of neurobiologically informed approaches to BED treatment.
Indeed, should this trial evidence that concurrent tDCS and ABMT is feasible and
acceptable, a large-scale trial with long-term follow-up will be needed to evaluate

treatment effectiveness.

The design has several strengths. While most studies of tDCS use convenience
samples from healthy populations, TANDEM will use a clinical sample who meet
DSM-5 criteria for BED. Second, by bringing brain-based treatment into the home,
TANDEM overcomes a number of barriers to treatment cited by participants in
previous studies (Dalton et al., 2022; Gordon, Williamson, et al., 2021). Moreover,
we will increase access to treatment during a time of elevated uncertainty and
compromised access to conventional care (i.e., during the coronavirus pandemic). In
fact, in a letter to Brain Stimulation, Caulfield and George (2020) called for this type
of approach, saying that the time is ripe for investigating at home neurotherapeutics,
and that tDCS is a prime candidate. Third, we have tested our CBM intervention
(ABMT) in trials involving adults with obesity (Mercado, Werthmann, et al., 2020)
and anorexia nervosa (Mercado, Schmidt, et al., 2020): in this latter case, training
focused on altering avoidance of food, as opposed to bias towards high-calorie foods.
As such, we have a useful preliminary understanding of the therapeutic effects of
ABMT in populations with EDs and disordered eating behaviours, and a good
understanding of how participants view the treatment (i.e., acceptable, accessible,
and credible). Fourth, we have chosen a primary outcome with high clinical
relevance (i.e., monthly episodes of binge eating), and, unlike many studies which
examine short-term intervention effects, we have incorporated a comparatively long
follow-up period (6-weeks post-treatment end). This will allow us to examine the
maintenance of any therapeutic effects observed immediately post-treatment and

allow time for more gradual changes to emerge.

There are some challenges for the TANDEM trial. TANDEM is/has been conducted
during the coronavirus pandemic (COVID-19) and it is possible that there may be a
negative COVID-related impact on recruitment and retention. In response,
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TANDEM has adopted a fully remote design (i.e., participants complete all
components of treatment and research participation from home). We expect that this
may mitigate the negative impact of COVID on recruitment however, by adopting a
fully remote design, TANDEM has sacrificed some of the advantages of conducting
research in the lab (e.g., access to state-of-the art eye tracking equipment, controlled
testing environments, and reduced reliance on self-report data). In publications
arising from this trial, we will comment on the quality and completeness of the data
collected to assist with future decisions about trial design. As the focus for this trial
is feasibility, and we expect widespread infection with COVID-19 during the trial
period (12 months), participants will not be excluded from taking part if they report
recent illness with COVID-19. Participants will be asked about any illness during the
previous six months at screening, and numbers with recent COVID-19 will be
reported in publications resulting from this trial. In addition, those reporting long-
COVID, or post-COVID alterations to taste and smell will be ineligible to take part
due to the possible effects of these symptoms on eating behaviour. Finally, to
minimise attrition, we have chosen to collect only a subset of outcome measures at
follow-up. As such, we will not be able to comment on change from baseline to

follow-up for some secondary neurocognitive outcomes.

In TANDEM, participants will complete treatment at the same time of day each day,
but they may choose the time for treatment which works best for them. We expect
that this flexibility around treatment session time may enhance feasibility and
promote adherence to the treatment protocol. However, it is possible that intervention
effectiveness may vary with time of administration; for example, it is possible that
the effects on eating behaviour may be amplified when the intervention is delivered
shortly before meal times, or at times when a person would often experience
objective binge episodes. Should the findings from the TANDEM trial indicate that
tDCS with ABMT is feasible and well tolerated, it may be encouraged that future
feasibility studies assess whether being more prescriptive about time for treatment
compromises treatment adherence and/or trial feasibility, and for fully powered trials

to consider the effect of time of treatment on intervention efficacy.

We expect that the TANDEM trial will provide a valuable contribution to the
literature on concurrent tDCS and CBM treatments for EDs, and that the data

collected will provide a foundation for future related trials. Moreover, we hope that
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TANDEM will shed light on the potential for bringing NIBS treatments into the
home so that we can continue increasing access to novel treatments for psychiatric

disorders.
4.4.1 Trial progress

Recruitment commenced in March 2021 and ended in February 2022. Data collection
will be completed by June 2022. Amendments to the study protocol will be reported

in publications of study outcomes.
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Chapter 5. Clinical and feasibility outcomes from the
TANDEM trial of concurrent transcranial direct current
stimulation and attention bias modification training in

binge eating disorder

Author contribution: The study was conceptualised and designed by the candidate
(Michaela Flynn), Professor Ulrike Schmidt and Professor Iain Campbell. The
candidate obtained ethical approval from the NHS Research Ethics Committee and
the Health Research Authority. The candidate performed all aspects of recruitment,
delivery of the trial interventions, data collection, data entry, and data analysis. The
candidate drafted the chapter with constructive feedback from her supervisors,

Professor Ulrike Schmidt and Professor Iain Campbell.
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Abstract

Background: Binge eating disorder (BED) is a common and disabling psychological
disorder associated with elevated craving for food, emotion dysregulation and
compromised cognitive control. Transcranial direct current stimulation (tDCS) and
attention bias modification training (ABMT) are safe, scalable brain-directed
treatments that produce modest improvements in BED symptoms, and emerging
evidence suggests that their efficacy may be enhanced when these interventions are
combined. We conducted a randomised control trial of concurrent self-administered
tDCS with ABMT in adults with BED to assess trial feasibility and intervention

acceptability, and to obtain preliminary data relating to intervention efficacy.

Methods: This study was a randomised sham-controlled feasibility trial. Eighty-two
participants with BED and a body mass index (BMI) of > 25 kg/m? were randomly
allocated to one of four groups: real tDCS with ABMT, sham tDCS with ABMT,
ABMT only, or 6-week waiting list control. Intervention groups received 10 sessions
of their allocated treatment over 2-3 weeks. tDCS was administered using a bilateral
(anode right/cathode left) montage targeting the dorsolateral prefrontal cortex and
2mA stimulation intensity. Outcome measures were assessed at baseline, post-

treatment and 6-week follow-up.

Results: Recruitment rates (6-7 monthly) and retention to follow-up rates (82.9%)
exceeded pre-specified criteria for feasibility, and intervention acceptability ratings
were high. Accordingly, treatment completion rates were high for all intervention
groups (98.7%). Between-group effect sizes for change scores revealed that all three
interventions reduced episodes of objective binge eating, eating disorder symptoms
and related psychopathology, relative to waiting list control (medium-to-large effect
sizes). Small-to-medium effect sizes for change scores favoured real tDCS with
ABMT, as opposed to ABMT only or sham tDCS with ABMT, suggesting that the

real intervention may produce superior outcomes.

Conclusion: Findings demonstrate that the study protocol is feasible, and that the
intervention is acceptable. Preliminary findings relating to clinical efficacy were also

promising, however, fully powered trials are needed to substantiate these findings.

145



5.1 Introduction

This chapter presents key findings from the randomised controlled feasibility trial of
self-administered transcranial direct current stimulation (tDCS) with attention bias
modification training (ABMT) in binge eating disorder (BED) (see Chapter 4 for
protocol). As outlined previously in this thesis, psychotherapy, most commonly
cognitive behaviour therapy, is presently recommended for the treatment of BED
however, outcomes from therapy are sub-optimal for a substantial proportion of
patients; for example, a meta-analysis found that approximately half of patients
continue to struggle with episodes of objective binge eating after treatment ends

(Hilbert et al., 2020). This highlights the need to develop new treatments for BED.

Recent research has highlighted that compromised cognitive control, as demonstrated
by emotion dysregulation and attention bias towards food, may be central to the
aetiology and maintenance of BED (Giel, Bulik et al., 2022). Models of BED
frequently posit that negative affect and difficulties regulating negative emotions are
core features of BED, with many highlighting the role of negative affect as a reliable
trigger for objective binge eating behaviour (e.g., Leehr et al., 2015). Accordingly,
studies have demonstrated that individuals with BED have difficulty implementing
explicit-controlled (i.e., top-down) forms of emotion regulation, such as reappraisal
(e.g., Dingemans & van Furth, 2012), and that they make use of these adaptive
emotion regulation strategies less frequently than healthy controls (Gianini, et al.,
2013; Harrison, et al., 2016; Lavender et al., 2015; Lavender et al., 2014). As such,

compromised cognitive control may be a key maintenance mechanism in BED.

Relatedly, food-related attention biases have been described in BED (Albery et al.,
2016; Schag et al., 2013; Stojek et al., 2018). Indeed, studies have suggested that
attention bias towards food may distinguish BED from obesity. For example, in our
cross-sectional study of attention bias towards food in adults with obesity with and
without BED (Chapter 3) we observed that participants with BED showed a
generalised pattern of attention bias towards food (regardless of calorie content),
whereas participants without BED showed a bias towards high-calorie, but not low-
calorie, food. These findings may suggest that food, in general, captures attention in
BED in a “bottom-up” stimulus-driven fashion, and that “top-down” cognitive

control resources may be insufficient to re-orient attention in a goal-directed way.
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Indeed, this may contribute to high levels of craving, strong motivation to eat and

loss-of-control eating behaviour in BED (Stojek et al., 2018).

Brain-directed treatments, including ABMT and tDCS, are emerging treatments
which may directly influence cognitive control. Findings from preliminary trials
suggest that ABMT may produce a small, yet significant, reduction in high-calorie
food consumption and craving in healthy adults (Turton, et al., 2016) and in
individuals with normal weight and overweight/obesity (Fodor et al., 2017; Mercado
et al., 2023) and adults with BED (Boutelle, et al., 2016; Schmitz & Svaldi, 2017).
Similarly, tDCS, a form of non-invasive brain stimulation, has shown therapeutic
potential in BED. Single-session pilot studies have shown that tDCS targeting the
dorsolateral prefrontal cortex (DLPFC) can produce short-term (up to 24 hour)
improvements in eating disorder (ED) psychopathology, reduce craving for food and
reduce objective binge eating behaviour (Burgess et al., 2016; Kekic et al., 2017;
Max, et al., 2021) and multi-session studies have shown that 10 sessions of tDCS
alters attention bias towards food, craving for food, and cognitive flexibility (Afzali,

etal., 2021).

Importantly, several trials have reported superior outcomes from tDCS treatment
when it is combined with another intervention which activates disorder-related neural
networks (Gordon, unpublished thesis; Heeren, et al., 2015; Heeren et al., 2017;
Mofta et al., 2018). For example, a recent feasibility study in BED demonstrated that
when combined with approach bias modification, six sessions of tDCS may produce
substantial reductions in objective binge episodes for up to seven weeks post-
treatment (Gordon, unpublished thesis). As a result, superior outcomes from
treatment may be achieved by combining tDCS with ABMT in BED. Moreover, with
the recent arrival of tDCS devices intended for supervised self-administration, both
interventions can now be safely provided in the home, thereby increasing their
accessibility and scalability. Accordingly, this chapter outlines the feasibility and
clinical outcome from a randomised sham-controlled feasibility trial of 10-sessions

of self-administered tDCS with ABMT in BED (the TANDEM trial).
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5.2 Study aims and hypotheses

The primary objective of the TANDEM trial was to evaluate protocol feasibility and
intervention acceptability. In doing so, we aimed to acquire key information to

inform the design of a large-scale randomised controlled trial (RCT).
Aims:

1. To estimate the rate ratio for the proposed primary outcome, change in the
number of monthly episodes of objective binge eating from baseline to
follow-up.

2. To assess recruitment, attendance, and retention rates.

3. To evaluate participant views of treatment acceptability and tolerability.

4. Determine the best instruments for measuring primary and secondary
outcomes in a full trial by examining the quality, completeness, and
variability in the data.

5. To estimate between-subject effect sizes and confidence intervals for clinical

outcomes to inform sample size calculation for a future large-scale RCT.
Hypotheses:

We expect that treatment (i.e., real tDCS with ABMT, sham tDCS with ABMT and
ABMT only) will achieve therapeutic effects by post-treatment (i.e., reduced
monthly episodes of objective binge eating, ED symptom severity, trait craving for
food, general psychopathology and ED related impairment) relative to WL, and that
these will endure to follow-up. However, therapeutic effects will be most substantial
in BED (as demonstrated by larger effect sizes for change scores relative to WL).

Specifically,
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5.3 Methods

A detailed overview of the study design, participants, intervention, and outcome
assessments is provided in the TANDEM protocol paper presented in Chapter 4
(Flynn et al., 2022). The TANDEM trial was given favourable opinion by the
London and Fulham NHS research ethics committee (REC Reference 20/L0O/0936)
and approval to begin the trial was granted by the Health Research Authority (HRA)
on the 6th of August 2020.

5.3.1 Design, participants, and setting

TANDEM was a single-blind randomised sham-controlled study with four parallel
arms: (1) real tDCS+ABMT, (2) sham tDCS+ABMT, (3) ABMT only, (4) waiting
control (WL). Outcomes were assessed at baseline (T0), post-treatment (T2;
immediately after treatment completion or 2-weeks after baseline for WL) and at

follow-up (T2; 6-weeks after end-of-treatment or 8-weeks after baseline for WL).

Participants were right-handed community-dwelling adults (>18 years old) who met
criteria for overweight or obesity (BMI > 25 kg/m?) and met criteria for BED
diagnosis according to the Diagnostic and Statistical Manual of Mental Disorders
(5th Edition) [DSM-5]. To ensure participants were able to complete treatment and
research-related activities, they were also required to have normal or corrected to
normal vision and access to a laptop or desktop computer with a webcam. Main
exclusion criteria were contraindications to tDCS (e.g., history of seizures or
migraines). Participants were recruited from the community via online
advertisements and from the outpatient ED service at South London and Maudsley

NHS Foundation Trust.

Potential participants first provided written informed consent, then they were
screened over the phone to determine eligibility. Eligible participants were invited to
complete the baseline assessment after which they were randomly allocated to one of

the four study arms.

Participants took part in TANDEM remotely, using a personal laptop or desktop
computer with a webcam (i.e., all treatment and research activities were completed
from home with researcher support provided via video-call). All were asked to

complete TANDEM activities in a quiet space where they were not likely to be

149



disturbed, and where they felt comfortable speaking freely about their eating and

mental health.
5.3.2 Randomisation and blinding

Participants were randomised using the Sealed Envelope Simple+ randomisation
service (https://www.sealedenvelope.com/). Participants were allocated at a ratio of
1:1:1:1 to one of the 4 trial arms using a restricted randomisation algorithm which
stratified by age, BMI, and gender. TANDEM used single blinding for tDCS trial
arms. As such, only participants were blind to real/sham tDCS treatment allocation.
To assess if blinding was successful, participants were asked to guess which
condition they believed they received and to indicate how certain they felt about this.
Participants were unblinded after the follow-up assessment. Those who received

ABMT with sham tDCS were not offered any additional treatment.
5.3.3 Intervention

The intervention is described in detail in Chapter 4. In brief, participants received 10
sessions of tele-supervised treatment over 2-3 weeks (i.e., week daily sessions until
10 sessions have been completed). Depending on treatment group allocation,
sessions involved either concurrent ABMT and real/sham tDCS, or ABMT only.
Each session lasted 30 minutes, including preparation time and time spent
completing within-session outcome measures. During ABMT, participants were
trained to ‘look towards’ low-calorie food and ‘look away’ from high-calorie food
using a modified version of the anti-saccade task (Mercado, et al., 2020; Werthmann,
etal., 2014). ABMT was completed online using a personal laptop or desktop

computer and lasted approximately 10-15 minutes with breaks.

Participants in real and sham tDCS groups received stimulation while completing
ABMT. Stimulation started five minutes before ABMT so that stimulation and
ABMT concluded approximately simultaneously. In real tDCS, stimulation was self-
administered using the MindCap™ (Figure 4.2). The anode was placed over the right
DLPFC, and the cathode was placed over the left DLPFC, and stimulation was
delivered at an intensity of 2mA for 20 minutes with a 60-second fade in/fade out
period. In sham, participants set up electrodes in the same way and received active
stimulation during the fade in/fade out periods only (i.e., 2 minutes total). This is a

validated protocol for sham stimulation in which the participant experiences typical
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sensations associated with tDCS (e.g., tingling) but does not receive stimulation with

sufficient intensity or duration to alter cortical excitability.
5.3.4 Outcomes

Primary outcomes related to trial feasibility, intervention acceptability, and
therapeutic effects. The primary feasibility outcomes were recruitment, attendance,
and retention rates. To judge whether/how to proceed with a future definitive trial,
we pre-specified two criteria: first, randomisation of at least 5 participants, on
average, each month over 12 consecutive months, and second, retention to follow-up
rates of >75%. We did not prespecify any treatment session attendance rates required
for progression to a full trial, however these would also guide a decision about the
feasibility of a future trial. For real/sham tDCS participants, we also assessed
blinding success at post-treatment and follow-up. Participants completed a forced
choice binary question, “do you think you received real or sham tDCS?”, followed
by a 10 point visual analogue scale (VAS) asking, “how confident do you feel about
your choice?”, where 0 meant ‘not at all confident” and 10 meant ‘certain’. Blinding
was considered successful if participants correctly guessed their allocation at a rate

comparable to chance.

Acceptability was assessed in two ways: first, at post-treatment and 8-week follow-
up using two binary (yes/no) questions about (a) whether the participant would
continue the intervention if they could, and (b) whether they would recommend the
intervention to a friend struggling with binge eating. Pre-specified endorsement rates
of at least 75% were needed to conclude that participants viewed the intervention as
acceptable. Second, after each treatment session, participants who received real or
sham tDCS completed a 10-point VAS of tDCS related discomfort. The mean
discomfort rating was used to assess tDCS-related discomfort for the real
tDCS+ABMT group. A group average rating <4 (i.e., mild discomfort) would
indicate that the intervention was well tolerated. The frequency and severity of side-

effects were also reported.

The primary clinical outcome was the change in monthly episodes of objective binge
eating from baseline (TO) to follow-up (T2), as measured by the Eating Disorders
Examination Questionnaire [EDE-Q, Fairburn and Beglin (2008)]. Episodes of

objective binge eating in the previous month were drawn from items 13 and 14 of the
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EDE-Q. Item 13 asks, “Over the past 28 days, how many times have you eaten what
other people would regard as an unusually large amount of food given the
circumstances?” and item 14 follows with: “On how many of these times did you
have a sense of losing control over your eating?”’. Responses to item 14 were used to
assess the number of episodes of objective binge eating in the previous 4 weeks.

We did not pre-specify the minimum effect size required for progression to a larger
trial, but the effect size observed will inform sample size selection. In addition.
secondary outcomes assessed change in ED symptomatology, general
psychopathology, craving for food, difficulties with emotion regulation and quality

of life from baseline to post-treatment (T1) and follow-up (T2).
5.3.5 Outcome measures

ED symptoms were assessed using the Eating Disorders Examination Questionnaire
(EDE-Q; Fairburn & Beglin, 2008). Episodes of objective binge eating were taken
from the EDE-Q item about binge eating in the previous 28 days. Self-reported

weight and height were also used to calculate body mass index at each timepoint.

General psychopathology was assessed using the Depression, Anxiety and Stress
Scale (21 item version; Lovibond & Lovibond, 1996). Craving for food was
examined using the Food Craving Questionnaire (trait version; Cepeda-Benito et al.,
2000). Emotion dysregulation was assessed using the Difficulties in Emotion
Regulation Scale (DERS; Bjureberg et al., 2016) and the impact of the ED on quality
of life was assessed using the Clinical Impairment Assessment (CIA; Bohn &
Fairburn, 2008). For all measures, higher scores indicated greater levels of symptom

severity or impairment. See Appendix H for copies of outcome measures.
5.3.6 Procedure

After potential participants had provided written informed consent, they were
screened against inclusion/exclusion criteria over the phone. At screening, BED
diagnosis was confirmed with the Eating Disorders Diagnostic Scale (Stice, et al.,
2000). Physical and psychiatric comorbidities, current medications, and tDCS safety
were assessed using a general health questionnaire developed for the purpose of this
study. Eligible participants then completed the baseline (T0) assessment after which
they were randomised to one of four groups: (1) ABMT + real tDCS, (2) ABMT +
sham tDCS, (3) ABMT only, or (4) WL. Intervention groups then completed 10
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sessions of their allocated treatment, up to 5 sessions/week, across 2-3 weeks. During
this time, the WL group received no experimental treatment. All participants then
completed the post-treatment assessment (T1) after the 10th (final) session of
treatment or after 2-weeks of waiting (WL group). Six weeks later (i.e., 6 weeks after
completing treatment or after 8-weeks of waiting) participants completed the final
(T2) follow-up assessment. Following this, WL participants were invited to
commence ABMT. At each assessment participants completed questionnaire
measures (as described above) and neurocognitive tasks (as described in Flynn et al

(2022) and reported in Chapter 6).
5.3.7 Data analysis

Descriptive statistics were used to assess recruitment and retention rates, intervention

adherence, and the quality and completeness of the data.

First, to examine the effect of treatment on the primary outcome, objective binge
eating episodes at follow-up, we examined effect sizes for change scores (Hedge’s g)
from baseline to post-treatment and follow-up in the first instance. Hedge’s g is a
measure of effect size which provides more stringent control for inflation in studies
using a small sample size (e.g., n < 20). The effect size expresses the difference of
the means in units of the pooled standard deviation. Cohen (1977) proposed a “rule
of thumb” for interpreting Hedge’s g. effect sizes < 0.2 are small, < 0.5 are moderate,

< 0.8 are large.

Second, to examine the effect of treatment on objective binge episodes, a
Generalised Linear Model was used where the dependent variable (number of
objective binge eating episodes, EDE-Q) was modelled by a negative binomial
distribution with a log link. The design was one repeated factor (time) with 2 levels
(baseline and follow-up) and one between-subjects factor (study group) with 4 levels
(real tDCS+ABMT, sham tDCS+ABMT, ABMT only, and WL), and one co-variate
(BMI at baseline). Importantly, in Flynn et al. (2022), it was proposed that we would
explore the effect of treatment on objective binge episodes using Poisson regression
for count data however, given that there was overdispersion in the model (i.e., the
variance of binge eating episodes was larger than what would be expected of a true
Poisson distribution), negative binomial regression was used (Hausman et al., 1984).

Given insufficient power, p-values are reported for exploratory purposes only.
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Third, to examine the effect of treatment on secondary outcomes we examined effect
sizes for change scores from baseline to post-treatment and follow-up. Analyses were
completed in the intent-to-treat population, which is defined by including all patients
randomised to an intervention group. Analyses were conducted using RStudio (R:

Core Team, 2013) and STATA (StataCorp, 2017).

154



5.4 Results

5.4.1 Feasibility outcomes

5.4.1.1 Participant flow, attendance, and retention

Figure 5.1 CONSORT diagram of participant flow
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Table 5.1. Baseline characteristics

Whole Sample Real tDCS+ABMT Sham tDCS+ABMT ABMT Only WL
(n=282) (n=20) (n=20) (n=20) (n=20)
Demographic Details
Age (mean [SD]) 42.18 (9.49) 40.40 (9.83) 40.45 (7.88) 43.70 (10.60) 43.52 (9.85)
Female Sex (n [%]) 80 (97.60) 19 (95.0) 19 (95.0) 20 (100.00) 19 (100.00)
Clinical Characteristics
BMI (mean [SD]) 39.96 (7.46) 39.00 (6.79) 39.18 (8.47) 40.48 (8.61) 40.20 (6.58)
History of Bariatric Surgery (n [%]) 3.7 1 (0.05) 1(0.05) 1 (0.05) 0 (0.00)
EDE-Q Global (mean [SD]) 4.04 (0.86) 4.00 (0.80) 3.98 (0.79) 4.20 (0.80) 3.98 (1.11)
EDE-Q Monthly OBEs (mean [SD]) 19.63 (9.46) 19.58 (10.20) 18.85(11.90) 21.05 (8.81) 19.00 (6.65)
DASS-21 Depression (mean [SD]) 16.39 (11.04) 18.10 (11.54) 14.30 (10.02) 17.80 (11.66) 15.89 (12.06)
DASS-21 Anxiety (mean [SD]) 8.02 (6.69) 7.60 (6.79) 8.20 (8.26) 9.00 (6.73) 7.26 (5.04)
DASS-21 Stress (mean [SD]) 17.41 (8.11) 18.70 (10.63) 16.60 (7.37) 18.50 (7.13) 16.63 (7.43)
DASS-21 Total (mean [SD]) 41.83 (21.79) 44.40 (25.25) 39.10 (21.75) 45.30 (20.10) 39.79 (21.86)
FCQ-Tr Total (mean [SD]) 63.05 (8.25) 63.90 (8.40) 60.45 (7.80) 64.30 (8.66) 62.79 (8.54)
DERS (mean [SD]) 32.23 (15.95) 36.40 (18.41) 29.90 (14.89) 32.60 (14.67) 30.00 (16.75)
CIA (mean [SD]) 1.53 (0.56) 1.49 (0.59) 1.43 (0.40) 1.65 (0.61) 1.50 (0.64)
Comorbidities
Depression (n [%]) 50 (61.00) 15 (75.00) 11 (55.00) 11 (55.00) 12 (63.20)
Anxiety (n [%]) 34 (41.50) 9 (45.00) 9 (45.00) 8 (40.00) 8 (42.11)
Diabetes Mellitus (Type II) (n [%]) 13 (15.90) 6 (30.00) 2 (10.00) 3 (15.00) 2 (10.53)
Prediabetes (n [%)]) 7 (8.50) 1 (0.05) 1 (0.05) 3 (15.00) 1 (0.05)
Hypertension (n [%]) 24 (29.30) 5(25.00) 7 (35.00) 8 (40.00) 2 (10.53)
Hyperlipidaemia (n [%]) 15 (18.30) 1 (0.05) 5(25.00) 6 (30.00) 2 (10.00)
Hypothyroidism (n [%]) 13 (15.90) 4 (20.00) 2 (10.00) 3 (15.00) 3 (15.79)
Concurrent Psychological Treatment
Guided Self Help (n [%]) 3 (3.66) 1 (0.05) 1 (0.05) 1 (0.05) 0 (0.00)
Antidepressant Medication (n [%)]) 41 (50.00) 11 (55.00) 10 (50.00) 9 45.00) 10 (52.63)

Note: No statistically significant difference between-groups at the p < 0.05 level. Abbreviations (in alphabetical order): ABMT, attention bias modification training;

BMI, body mass index; CIA, Clinical Impairment Assessment; DASS-21, Depression, Anxiety and Stress Scale — 21 items; DERS, Difficulties with Emotion Regulation

Scale; EDE-Q; Eating Disorders Examination Questionnaire; FCQ-Tr, Food Craving Questionnaire-Trait reduced version; n, number of observations, OBEs, objective
binge eating episodes; SD, standard deviation, tDCS, transcranial direct current stimulation; WL, wating list;



Participant flow is illustrated in Figure 5.1. Eighty-two participants completed
baseline assessment (T0) before being randomly allocated to one of the four study
arms. Prior to randomisation, three participants withdrew from the study. In each
case, the participant withdrew within 48 hours of baseline assessment and cited a
positive diagnosis of COVID-19 as the reason for withdrawal. Seventy-nine
participants were randomised to one of the four study arms: real tDCS+ABMT (n =
20), sham tDCS+ABMT (n = 20), ABMT only (n =20), and WL (n = 19). During
treatment, one participant (sham tDCS+ABMT) tested positive for COVID-19 and
stopped treatment after 5 sessions. All other participants completed treatment, with
65% adhering to the optimal treatment protocol (i.e., 10 sessions across 10

consecutive weekdays).

Seventy-six participants completed the post-treatment (T1) assessment, and 68
participants completed the follow-up assessment (T2), giving retention to follow-up
rates of 92.7% and 82.9%, respectively. Independent t-tests suggested no significant
differences between those who completed post-treatment/follow-up assessments and
those who did not, based on age, BMI, ED symptom severity, or DASS-21 total
score. As such, missing data were viewed to be missing completely at random and

was accordingly managed using case-wise deletion.
5.4.1.2 Participants

Demographics and baseline clinical characteristics are presented in Table 5.1.

Additional demographic information is summarised in Appendix A.9.
5.4.1.3 Acceptability

At both post-treatment and follow-up, 100% of participants who received either real
or sham tDCS with ABMT declared that they would recommend the intervention to a
friend if they were struggling with BED. Similarly, most who received real tDCS, as
opposed to sham, indicated that they would continue the treatment if they could
(100% at T1, 95% at T2). In contrast, participants who received sham were less
likely to endorse continuing treatment, with 74% in favour at post-treatment and

68.4% in favour at follow-up. Among those who received ABMT only, most
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indicated that they would recommend treatment to a friend if they were struggling
with BED (76% at T1, 72% at T2), but few indicated that they would continue
treatment beyond the trial if they had the choice (46% at T1, 23% at T2).

5.4.1.4 tDCS tolerability

On average, participants who received real stimulation reported discomfort levels of
1.2/10 (SD = 1.18) in the first week of treatment, and 2.37/10 in the second week of
treatment. In the sham cohort, participants rated discomfort 0.23/10 (SD=0.45) and
0.69/10 (SD=0.2) in weeks 1 and 2 of treatment, respectively. Two participants in the
real tDCS group reported mild headache following their first tDCS session. One
participant in the sham tDCS group reported mild neck pain after their first session,
and two participants reported mild headache after stimulation on one occasion. There
were no significant differences between real and sham groups in the number of
physical complaints (i.e., headache, neck pain, pain at the site of stimulation)

experienced during treatment (x?(1) = 0.46, p = 0.638).
5.4.1.5 Blinding success

Participants did not distinguish real from sham tDCS at a rate better than chance at
either post-treatment [48.7%, (x%(1) = 1.17, p = 0.533)], or follow-up [41.0, (x%(1) =
1.21, p = 0.323)], and at each time point they expressed little confidence in their
choice (post-treatment VAS mean = 4.50, SD = 2.21; follow-up VAS mean = 5.00,
SD=2.33).

5.4.2 Clinical outcomes

Between-group effect sizes for change scores to post-treatment (T1) and (T2) are
summarised in Table 5.2. Mean scores for clinical outcome measures are presented

in Appendix A.10 and change scores are presented in Appendix A.11.
5.4.2.1 Episodes of objective binge eating

All intervention groups reported a reduction in episodes of objective binge eating
from baseline to follow-up. Figure 5.2 illustrates the change in number of episodes of
objective binge eating reported over time by group. Effect sizes for objective binge
eating change to follow-up were large when comparing each intervention group with
WL control, and all favoured the intervention group (real tDCS+ABMT: d =-1.3,
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95% CI =-2.08, -0.56, sham tDCS+ABMT: d= -1.20, 95% CI =-1.93, -0.46, ABMT
only: d =-1.05, 95% CI =-1.77, -0.33). When comparing ABMT with real tDCS, as
opposed to sham, a moderate effect size for objective binge eating change which
favoured real tDCS+ABMT was observed (d = -0.58, 95% CI = -1.28, 0.12).
Similarly, when comparing real tDCS+ABMT with ABMT only, a small effect size
which favoured real tDCS+ABMT was reported (d =-0.21, 95% CI=-0.9, 0.47). A
small effect size favoured ABMT only when comparing sham tDCS+ABMT with
ABMT only (d =0.32, -0.36, 0.99).

Negative binomial regression indicated that, overall, treatment group was a
significant predictor of the number of monthly episodes of objective binge eating
reported at follow-up (x2 = 9.55, df = 3, p < 0.04). Based on this model, the
predicted incident rate for objective binge episodes at follow-up was 33% lower in
real tDCS+ABMT than in the WL control (exp(f) = 0.33, SE = 0.37,

p<0.01,95% CI=-0.16, 0.67). There was no difference in the predicted incident
rate for objective binge episodes for participants in the sham tDCS+ABMT group (p
=0.192) or the ABMT only group (p = 0.07), relative to WL control.

Figure 5.2. Change in monthly episodes of binge eating from baseline to follow-up

(95% confidence intervals).
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5.4.2.2 BMI

At follow-up, participants who received real tDCS+ABMT reported a mean weight
loss equivalent to a 1.28 kg/m? reduction in BMI (SD = 0.1.48), and those who
received sham tDCS+ABMT reported a mean reduction in BMI of 0.52 kg/m? (SD =
0.56). Those who received ABMT only reported minimal change in BMI at either
post-treatment (mean change = -0.14 kg/m?, SD = 0.49) or follow-up (mean change =
-0.67 kg/m?, SD = 0.53). No change in BMI was reported by the WL control group
(mean change to follow-up = 0.03 kg/m?, SD = 0.17). For groups that received
ABMT with either real or sham tDCS, relative to WL, effect sizes for change in BMI
to follow-up were large and favoured the intervention group (real tDCS+ABMT: d =
-1.21, 95% CI =-1.90, -0.51, sham tDCS+ABMT: d = -1.12, 95% CI -1.81, -0.42).
Effect sizes for BMI change scores for ABMT with both real and sham tDCS,
relative to ABMT only, were large and in favour of the combined real/sham
interventions (real tDCS + ABMT: d =-1.20, 95% CI =-1.88, -0.50, sham
tDCS+ABMT: d =-0.98, 95% CI = -1.65, -0.30). For ABMT with real tDCS, as
opposed to sham, there was a small effect size for BMI change which favoured the
real tDCS intervention group (d = -0.20, 95% CI = -0.83, 0.43). Large effect size for
BMI change scores favoured the sham tDCS+ABMT intervention, when comparing

it to ABMT only (d = -0.98, 95% CI = -1.65, -0.30).

Figure 5.3. Change in BMI from baseline to follow-up (95% confidence intervals).
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5.4.2.2.1 Eating disorder psychopathology

Figure 5.4 illustrates the change in ED symptoms from baseline to post-treatment and
follow-up. When comparing each intervention group with WL, effect sizes for EDE-
Q global change scores to follow-up were large and in favour of the intervention
group (real tDCS+ABMT: d= -2.45, 95% CI = -3.34, -1.14, sham tDCS+ABMT: d=
-1.62, 95% CI =-2.39, -0.83, ABMT only: d=-2.38, 95% CI =-3.25, -1.48).
Similarly, when comparing ABMT with real, as opposed to sham tDCS, effect sizes
for change scores to follow-up were large and in favour of the real tDCS+ABMT (d
=-1.09, 95% CI=-1.80, -1.36). A small effect size for change scores to follow-up
favoured the real tDCS+ABMT group, as opposed to ABMT only (d =-0.27, 95% CI
=-0.94, 0.41), and a large effect size favoured ABMT only, when comparing it to
sham tDCS+ABMT (d = 0.87, 95% CI=0.16, 1.57).

Figure 5.4. Change in ED symptoms over time (EDE-Q Global Score; 95%

confidence intervals)
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5.4.2.2.2 Craving for food

Trait craving for food, as measured by the FCQ-Tr, was also reduced in each
intervention by follow-up, and large effect sizes for change scores relative to WL

were observed (real tDCS+ABMT: d =-2.06, 95% CI =-2.89, -1.21; sham
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tDCS+ABMT: d = -0.93, 95% CI = -1.64, -0.22; ABMT only: d =-1.26, 95% CI = -
2.00, -0.52). Here, small-to-moderate effect sizes for change scores were observed
for real tDCS+ABMT relative to ABMT only (d = -0.36, 95% CI=-1.03, 0.32) and
combined treatment with sham tDCS (d = -0.66, 95% CI = -1.35, 0.03), both of
which favoured the real tDCS+ABMT group.

Figure 5.5. Change in craving for food (trait) from baseline to follow-up (95%

confidence intervals)
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5.4.2.2.3 General psychopathology

Figure 5.6 illustrates the change in total score on the DASS-21 measure of
depression, anxiety, and stress from baseline to post-treatment and follow-up. When
comparing real tDCS+ABMT to the WL control, effect sizes for DASS-21 total
change scores to follow-up were large and favoured the intervention group (d = 1.15,
95% CI =-1.87, -0.41). Similarly, effect sizes for DASS-21 total change scores were
large for ABMT only (d =-1.18, 95% CI =-1.90, -0.44), and moderate for the sham
tDCS+ABMT group (d =-1.15, 95% CI =-1.09, 0.27), relative to WL control. When
comparing real tDCS+ABMT with ABMT only, effect sizes for DASS-21 total

change scores were moderate and in favour of the real tDCS+ABMT intervention
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group (d =-0.41, 95% CI =-1.09, 0.27). Similarly, large effect sizes for DASS-21
total change scores favoured the real tDCS+ABMT group, as opposed to sham
tDCS+ABMT (d =-0.80, -1.54, -0.13).

Figure 5.6. Change in general psychopathology over time (DASS-21 Total Score;

95% confidence intervals)
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With respect to change in self-reported difficulties with emotion regulation, as
measured by the DERS, moderate-to-large effect sizes for change scores from

baseline to follow-up favoured the real tDCS+ABMT group, as opposed to WL

control (real tDCS+ABMT: d =-1.15, 95% CI =-1.87, -0.41), sham tDCS+ABMT

(d=-0.91, 95% CI=-1.62, -018), and ABMT only (d =-0.67, 95% CI = -1.35,

0.03). For sham tDCS+ABMT and ABMT only, effect sizes for DERS change scores

to follow-up were moderate and favoured the intervention groups, as opposed to WL

(sham tDCS+ABMT: d =-0.43, 95% CI =-1.11, 0.27; ABMT only: d = -0.68, 95%

CI=-1.37,0.02). Small effect sizes for DERS change scores favoured the sham
tDCS+ABMT group, as opposed to ABMT only (d =-0.22, -0.47, -0.90).
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Figure 5.7. Change in DERS total score from baseline to follow-up (95% confidence

intervals)
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5.4.2.2.4 Quality of life

Change to quality of life was examined using the CIA. Relative to WL, moderate-to-

large effect sizes for change scores favoured intervention groups (real tDCS+ABMT:
d=-1.46,95% CI =-2.21, -0.69; sham tDCS+ABMT: d=-0.67, 95% CI =-1.36,
0.02; ABMT only: d=-0.69, 95% CI =-1.38, 0.01). Similarly, moderate effect sizes
favoured the real tDCS+ABMT group, as opposed to ABMT only (d= -0.66, 95% CI
=-1.35, 0.03) and sham tDCS+ABMT (d = 0.77, 95% CI = -1.46, -0.06). No

difference in change scores from baseline to follow was observed for sham

tDCS+ABMT relative to ABMT only (d = 0.03, 95% CI = 0.07, -0.60).

Figure 5.8. Change in CIA total score from baseline to follow-up (95% confidence

intervals)
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Table 5.2. Between-group effect sizes for change scores™ for clinical outcome measures from baseline to post-treatment and follow-up

Real tDCS+ABMT vs  Sham tDCS+ABMT vs ABMT Only Real tDCS+ABMT vs Sham tDCS+ABMT Real tDCS+ABMT vs
WL WL vs WL ABMT Only vs ABMT Only Sham tDCS+ABMT
95% CI 95% C1 95% CI 95% CI 95% CI 95% CI

d Low High d Low High d Low High d Low High d Low High d Low High
Change from baseline (T0) to Post-treatment (T1)
BMI -1.11 -1.78 -041 -0.89 -1.57 -021 034 -031 099 -1.13 -1.80 -044 -095 ~-l1.61 -027 -020 -0.83 043
EDE-Q Global -1.92 -270 -1.12 -179 -2.56 -1.00 -1.18 -188 -047 -063 -126 0.01 -0.05 -0.67 058 -0.73 -137 -0.07
Monthly OBEs -090 -1.58 -021 -062 -129 0.05 -098 -1.65 -028 0.0l -0.63 0.62 035 -029 098 -033 -096 0.32
DASS-21 Depression  -0.53 -1.18 0.14 -0.10 -0.75 0.55 -0.53 -1.18 0.14 -0.06 -0.68 0.56 047 -0.17 1.10 -047 -1.11  0.17
DASS-21 Anxiety -0.63 -129 004 -035 -1.01 031 -0.52 -1.17 0.14 -0.12 -0.74 0.50 031 -033 094 -047 -1.11  0.17
DASS-21 Stress -0.72 -138 -005 -039 -1.05 028 -089 -156 -021 -008 -0.70 054 052 -0.12 116 -046 -1.09 0.18
DASS-21 Total -0.88 -1.55 -020 -045 -1.11 022 -096 -l164 -027 -0.14 -0.75 049 066 0.01 130 -0.63 -127 0.01
FCQ-Tr Total -1.30 -201 -058 -0.85 -1.53 -0.16 ~-1.17 -186 -046 -0.14 -0.76 048 022 -041 085 -035 -098 0.28
DERS -147 -219 -073 o011 -055 076 -0.79 -146 -0.12 -028 -0.90 0.35 084 0.17 149 -139 -2.09 -0.68
CIA -0.54 -1.19 0.3 -0.12 -078 053 -085 -152 -0.17 0.13 -050 074 058 -0.06 122 -038 -1.01 0.26
Change from baseline (T0) to Follow-up (T2)
BMI -1.21 -19 -051 -1.12 -1.81 -042 0.12 -053 076 -120 -1.88 -0.51 -098 -1.65 -0.30 -0.66 -130 -0.01
EDE-Q Global 245 334 -154 -1.62 -239 -083 -238 -325 -148 -027 -094 041 087 0.16 157 -1.09 -1.80 -0.36
Monthly OBEs -1.33 208 -056 -121 -193 -046 -1.05 -1.77 -033 -021 -090 047 032 -036 099 -0.58 -1.28 0.12
DASS-21 Depression  -1.20 -1.92 -046 -0.19 -0.87 048 -062 -131 0.07 -08 -1.56 -0.15 039 -029 1.07 -1.06 -1.77 -0.33
DASS-21 Anxiety -0.67 -135 003 -036 -1.03 032 -074 -143 -0.04 0.1 -0.56 0.78 052 -0.17 120 -042 -1.10 0.26
DASS-21 Stress -0.77 -146 -0.07 -039 -1.07 029 -1.05 -1.76 -032 -0.01 -0.66 0.69 067 -003 135 -048 -1.16 0.20
DASS-21 Total -1.15 -1.87 -041 -041 -1.09 027 -1.18 -190 -044 -041 -1.09 0.27 070 0.00 138 -0.84 -1.54 -0.13
FCQ-Tr Total -2.06 -289 -121 -093 -1.64 -022 -126 -2.00 -0.52 -036 -1.03 032 027 -041 094 -0.66 -1.35 0.03
DERS -1.56 232 -077 -043 -1.11 027 -0.68 -137 002 -0.67 -1.35 0.03 022 -047 090 -091 -1.62 -0.18
CIA -146 221 -069 -0.67 -136 0.02 -0.69 -138 001 -0.66 -1.35 0.03 0.07 -060 074 -077 -146 -0.06

* Post-treatment/follow-up scores minus baseline scores. Abbreviations (in alphabetical order): ABMT, attention bias modification training; BMI, body mass

index; CI, confidence interval; CIA, Clinical Impairment Assessment; d, effect size estimate using Cohen’s d; DASS-21, Depression, Anxiety and Stress Scale —
21 items; DERS, Difficulties with Emotion Regulation Scale; EDE-Q; Eating Disorders Examination Questionnaire; FCQ-Tr, Food Craving Questionnaire-Trait
reduced version; n, number of observations, OBEs, objective binge eating episodes; tDCS, transcranial direct current stimulation; WL, wating list.



5.5 Discussion

5.5.1 Principle findings

The primary objective for this study was to evaluate the feasibility and acceptability
of a randomised sham-controlled trial of at-home self-administered tDCS with
ABMT in an adult sample with BED. Overall, our findings endorse the pursuit of a
future large-scale trial. We were able to randomise 6-7 participants each month for
12 months, which exceeded our minimum criterion, and retention to follow-up rates
were high (82.9%). Moreover, treatment session attendance was excellent in all
intervention groups: almost all participants completed all 10 treatment sessions
within the 3-week maximum timeframe (78/79), and most followed the optimal
treatment protocol (i.e., 10 sessions across 10 consecutive weekdays). Of note, stand-
alone ABMT was also viewed to be highly acceptable and treatment uptake was
extremely high in the WL group: 85% of participants allocated to WL were retained
to follow-up and all who completed follow-up assessment took up ABMT and

completed at least 7/10 sessions.

These rates for treatment adherence and retention to follow-up compare favourably
with those reported in previous related trials. For example, in a recent trial of 6-
sessions of tDCS with approach bias modification in BED (n = 65), 71% of
participants in the real intervention group and 95% of participants in the sham group
completed treatment per protocol (i.e., 2 sessions per week over 3 consecutive
weeks), and a retention-to-follow-up rate of 89% was reported (Gordon, unpublished
thesis). Similarly, a trial of tDCS with ABMT in adults with alcohol use disorder (n
= 98), reported that 86.7% of participants completed all four treatment sessions,
although the authors reported significant attrition to 1-year follow-up (den Uyl et al.,
2018).

TANDEM treatment adherence and study retention rates were also superior to those
observed in trials of ABMT. For example, in their open-label trial of ABMT in BED
(n=15), Boutelle et al. (2016) reported that 60% of participants completed treatment
(one in-person and two at-home ABMT sessions per week for eight weeks).
Relatedly, a recent study comparing ABMT with mindfulness training in adults with
obesity reported that although completion rates for lab-based training were high
(87% for ABMT and 94% for mindfulness training), adherence to the home practice
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protocol was much poorer for ABMT than mindfulness training (Mercado et al.,
2023). Indeed, the authors report that, on average, ABMT participants only
completed 17/48 of the prescribed at-home training sessions (i.e., 35%), whereas
those completing mindfulness training completed 51/48 sessions (i.e., 106%)
(Mercado et al., 2023). However, it is worth noting that the prescribed number of
ABMT sessions in Mercado et al. (Under Review) was substantially higher than that
reported in previous trials. Whilst the effect of cognitive bias modification on
symptoms of psychopathology has been shown increase when more sessions are
delivered, this effect appears to stabilise after 10 sessions (Beard, 2011). Therefore,
10 sessions may be the optimal dose for ABMT.

Regarding intervention acceptability, our findings indicate that self-administered at-
home tDCS was well tolerated by participants; mean discomfort ratings across both
weeks suggested that participants only experience mild discomfort during
stimulation. Similarly, side effects were reported infrequently (2 occasions in real
tDCS and 3 in sham tDCS) and on each occasion they were mild and transient.
Participants also viewed the treatment to be highly acceptable, with all indicating that
they would recommend tDCS with ABMT to a friend if they were struggling with
BED, and nearly all who received real tDCS with ABMT indicating that they would
continue the treatment if they could. Indeed, acceptability ratings were higher at both

timepoints for the concurrent treatment than for ABMT only.

Participant blinding to tDCS condition was effective, as there were no significant
differences between participants’ ability to correctly guess whether they had received
real or sham stimulation. This aligns with the blinding success reported in previous
studies using similar stimulation parameters (e.g., Kekic et al., 2014; Max et al.,
2020; Segmond et al., 2019). However, given that the personnel delivering treatment
were not blind to treatment allocation, it remains possible (albeit unlikely) that
experimenter bias may have influenced our findings. TANDEM was delivered during
the coronavirus pandemic; at this time, national lockdowns restricted access to the
workplace and limited close contact with colleagues. This led to the pragmatic
decision to keep personnel delivering treatment informed of treatment allocation. To
reduce risk of bias, future trials should blind the personnel delivering treatment and

analysing data to real/sham allocation.
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In relation to our primary clinical outcome, all intervention groups reported a
reduction in objective binge eating at follow-up, and large effect sizes for change
scores favoured intervention groups, as opposed to WL. Although wide overlapping
confidence intervals introduce uncertainty, it is possible that real tDCS with ABMT
produced the greatest change in objective binge eating at follow-up: the effect size
for change in objective binge eating, relative to WL, was largest for the real tDCS
with ABMT group, and small-to-moderate effect sizes for change scores, which
favoured the real group, were observed when comparing real tDCS with ABMT to
sham tDCS with ABMT and ABMT only. Similarly, exploratory analyses suggested
that, overall, treatment group was a significant predictor of objective binge episode
frequency at follow-up, with objective binge episode count predicted to be 33%
lower in the real tDCS with ABMT group than WL. Episodes of objective binge
eating were also substantially reduced by ABMT only and ABMT with sham tDCS,
although differences between the two interventions were negligible at both time
points (i.e., post-treatment and follow-up) and downward trends had plateaued by
follow-up. This may suggest a potent therapeutic effect for ABMT in our sample.
Indeed, considering the therapeutic effect of ABMT only, evidence for a sham-

related placebo effect is limited.

With regard to our secondary clinical outcomes, descriptive statistics showed that
real tDCS with ABMT, as opposed to WL, was associated with improvement across
several clinical domains. Indeed, they provided tentative evidence to suggest that the
real combined intervention may produce superior outcomes from treatment than
stand-alone ABMT or ABMT with sham across some domains, namely BMI, mood,
craving for food and emotion regulation. First, although ABMT with both real and
sham tDCS produced weight loss by follow-up, BMI change was most substantial in
the real tDCS+ABMT group (mean BMI reduction = 1.28 kg/m?). When comparing
effect sizes for BMI change scores for intervention groups, relative to WL, the
largest effect size for BMI change score was observed for real tDCS with ABMT,
and no change in BMI was reported for ABMT only. Similarly, all interventions led
to reductions in ED symptoms by follow-up, as measured by the EDE-Q, and effect
sizes for change scores, relative to WL, were comparable across groups. This
suggests that improvements in ED psychopathology may not be enhanced when

ABMT is delivered in combination with real tDCS, although it is worth noting that
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EDE-Q global scores were relatively low at baseline (sample mean = 4.04, SD =
0.86). Moreover, participants across all intervention groups reported reduced ED
related impairment (as measured by the CIA) at post-treatment, and these effects

were maintained through to follow-up.

Second, general psychopathology was also improved across all intervention groups,
as demonstrated by large effect sizes for DASS-21 change scores relative to WL.
However, change was most pronounced in those participants that received real tDCS
with ABMT, particularly when considering the depression subscale only; here, large
effect sizes for change scores which favoured real tDCS with ABMT were reported
relative to WL, ABMT with sham tDCS, and ABMT only. This suggests that when
ABMT and real tDCS are delivered concurrently, a superior antidepressant effect
may be achieved. This finding resonates well with those reported in previous clinical
trials using tDCS in populations with low mood; namely, that tDCS is associated
with pronounced improvement in mood that can endure well beyond the stimulation

session, particularly when multiple tDCS sessions are provided (Moffa et al., 2018).

Third, craving for food and difficulties with emotion regulation were both improved
by real tDCS with ABMT, relative to WL, and large effect sizes for change scores
were reported. By comparison, moderate effect sizes for change scores were reported
for sham tDCS+ABMT and ABMT only. This may suggest that superior outcomes
from real tDCS with ABMT may be related to tDCS driven changes to DLPFC
functioning which, overtime, manifest through improvements in self-regulatory
control. Neuroimaging studies have also shown that self-regulation during dietary
decision-making requires DLPFC involvement, suggesting that craving may emerge
when DLPFC resources are depleted (e.g., Chen, et al., 2018; Wilson, et al, 2021).
Similarly, studies in clinical and healthy samples have suggested that the DLPFC
plays a central role in the initiation of explicit-controlled forms of emotion regulation
(e.g., Siegle, et al., 2007) and, therefore, upregulation of the DLPFC may facilitate

emotion regulation.

Overall, our finding that real tDCS with ABMT was associated with substantial,
potentially superior, therapeutic effects is consistent with promising findings
reported in previous trials using tDCS (Afzali et al., 2021; Burgess et al., 2016;
Kekic et al., 2017), cognitive bias modification training (Boutelle et al., 2016;
Brockmeyer et al., 2019) or a combination of neurocognitive training and tDCS
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(Gordon, unpublished thesis; Max et al., 2021) in participants with binge-type EDs.
Moreover, the continuation of therapeutic effects to 8 week follow-up (i.e., 6 weeks
after end-of treatment) is somewhat unique. Indeed, a previous trial of tDCS with
approach bias modification training reported that although episodes of binge eating
were reduced by the end of treatment (large effect size), the strength of the effect was
reduced by 8-week follow-up, suggesting a possible attenuation of therapeutic effects
over time (Gordon, unpublished thesis). However, future large-scale RCTs are

needed to substantiate these findings.
5.5.2 Strengths, limitations, and considerations

TANDEM was a feasibility trial, and therefore the primary objective was to assess
trial feasibility and intervention acceptability, rather than to evaluate the efficacy of
tDCS with ABMT as a treatment. As such, participant numbers were insufficient to
evaluate statistically meaningful differences between-groups with confidence. The
high rates for recruitment and retention observed during TANDEM indicate that an
adequately powered future RCT is feasible. However, consideration should be given
to the unique climate during which this trial took place. TANDEM was conducted
during the coronavirus pandemic, i.e., a time when people were spending more time
at home and interest in virtually delivered psychological and medical care was at an
all-time high. These circumstances may have positively influenced people’s attitudes
about at-home self-administered tDCS with ABMT, as well as their willingness to
take part in an RCT.

Additionally, due to the coronavirus pandemic, all components of the TANDEM trial
were completed remotely and, as a result, we were able to cast an extremely wide net
during recruitment. This likely contributed to the geographic and demographic
diversity of individuals in our sample, although male representation was extremely
low (n mate = 2). “The adoption of the fully remote design also required that we
sacrifice control over factors that might introduce unwanted variability or bias during
outcome assessment. During lab-based assessments, researchers can control a myriad
of factors that might influence participant responses (e.g., ambient noise,
interruptions, and lighting) and they can make use of instruments which reduce
reliance on self-report data (e.g., bioimpedance analysis may be used to assess
physical health metrics). In contrast, at-home assessments are vulnerable to
interruption and there are few alternatives to self-report data for physical health
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metrics. Indeed, this trial relied upon self-report to assess height and weight, and
previous studies have demonstrated that adults tend to under-report their own weight,
and that the gap between self-reported weight and actual weight increases with
obesity (Olfert et al., 2018). Thus, our findings relating to the effect of tDCS with
ABMT on BMI should be interpreted with caution. Future trials are encouraged to
consider using a hybrid design which allows them to make use of the benefits of lab-
based assessment, whilst also retaining the remote treatment model. Where a fully
remote study design is required or preferred, we recommend the use of more
objective measures for physical health. This may involve completing physical health
monitoring with the participant’s GP or making use of resources in the community
(e.g., specialist scales in pharmacies which provide a receipt summary of physical

health metrics).

Reflecting on reasons for ineligibility, our participant flow shows the primary reason
for ineligibility was that they did not meet criteria for BED. One possible explanation
for this is that the TANDEM trial primarily recruited from the community, as
opposed to clinical settings, and relied heavily on social media for advertising.
Although this recruitment strategy maximised the number of people who saw study
advertisements, it may be that advertisements did not always reach the target
audience or that advertisements were not sufficiently clear about the key criteria for
taking part. Future trials should consider a more targeted recruitment strategy that
includes better connections with services working with people with BED, such as ED
outpatient services, general medical practices, ED charities, and eating- and weight-
related support groups (e.g., Overeater’s Anonymous). Recruitment via these
channels could improve the representativeness of the sample by bolstering the
number of biological males and gender-diverse individuals included. Future trials
could also incorporate a brief online pre-screening questionnaire that addresses
simple-to-assess criteria (e.g., BMI > 25kg/m?, right-handed), thereby reducing the
number of interested participants who undergo the full over-the-phone screening that

could be quickly identified as ineligible.

Finally, despite reporting frequent episodes of objective binge eating and
accompanying distress at baseline (median objective binge episodes= 19.63), mean
scores on the EDE-Q at baseline were relatively low (mean EDE-Q Global Score =

4.04). Indeed, this is only marginally higher than the clinical cut-off (Carter et al.,
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2001; Mond, et al., 2006). In light of this, the EDE-Q may not be the best instrument
for measuring disordered eating behaviour in BED. Although the EDE-Q has strong
psychometric properties in ED samples, studies suggest that sensitivity and
specificity is poorer for items assessing complex overeating behaviours (i.e., binge
eating), as opposed to items about more concrete ED behaviours (e.g., vomiting)
(Reas et al., 2006). Fortunately, alternative instruments that have performed well in
studies of BED are available. These include the Eating Disorder Examination, which
is administered by a trained interviewer, and questionnaire instruments developed for

BED specifically (e.g., the Binge Eating Disorder Test of the Binge Eating Scale).
5.5.3 Conclusion

To the best of our knowledge, TANDEM was the first trial to investigate the
feasibility of at-home self-administered tDCS in EDs, and the first trial of concurrent
tDCS with ABMT in BED. Overall, findings relating to recruitment and retention
demonstrate that a future large-scale RCT is feasible, and excellent acceptability
ratings indicate that the intervention was well-liked by participants. Preliminary
findings relating to clinical efficacy were also promising; all interventions produced
improvements in core BED symptoms and related psychopathology, and there was
tentative evidence to suggest that real tDCS with ABMT may produce superior
outcomes from treatment. However, fully powered RCTs are needed to substantiate

these findings.
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Chapter 6. Examining the effect of at-home tDCS with
attention bias modification training on attention bias
towards food: Outcomes from a randomised sham-

controlled feasibility trial in binge eating disorder

Author contribution: The study was conceptualised and designed by the candidate
(Michaela Flynn), Professor Ulrike Schmidt and Professor Iain Campbell. The
candidate obtained ethical approval from the NHS Research Ethics Committee and
the Health Research Authority. The candidate performed all aspects of recruitment,
delivery of the trial interventions, data collection, data entry, and data analysis. The
candidate drafted the chapter with constructive feedback from her supervisors,

Professor Ulrike Schmidt and Professor Iain Campbell.
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Abstract

Background: Attention bias (AB) towards high-calorie food is a proposed
mechanism in the aetiology and maintenance of binge eating disorder (BED). Using
a novel intervention which combined transcranial direct current stimulation (tDCS)
with attention bias modification training (ABMT) (Chapter 5), we found that real
tDCS with ABMT treatment was associated with therapeutic effects. However, the
underlying mechanism of change remains unclear. This chapter aimed to clarify the
effect of tDCS with ABMT on AB towards food, and to assess the relationship

between AB towards food and clinical outcomes.

Method: This study was a randomised sham-controlled feasibility trial. Eighty-two
participants with BED and a body mass index (BMI) of > 25 kg/m? were randomly
allocated to one of four groups: real tDCS with ABMT, sham tDCS with ABMT,
ABMT only, or 6-week waiting list control. Intervention groups received 10 sessions
of their allocated treatment over 2-3 weeks. tDCS was administered using a bilateral
(anode right/cathode left) montage targeting the dorsolateral prefrontal cortex and
2mA stimulation intensity. Change in AB towards food was assessed at baseline,
post-treatment, and 6-week follow-up using the visual probe task with webcam-based

eye-tracking.

Results: tDCS with ABMT was associated with a significant reduction in AB for
high-calorie food stimuli from baseline to follow-up. Sham tDCS with ABMT and
ABMT only also significantly reduce AB towards high-calorie foods between
baseline and post-treatment however, differences relative to baseline were non-
significant by follow-up. Correlational analyses revealed that change in AB towards

food was not significantly correlated with change in clinical symptoms.

Conclusion: tDCS with ABMT was associated with significant reductions in AB
towards high-calorie food which were maintained at follow-up however, it remains
unclear whether changes in AB towards food were related to therapeutic effects.
Future multi-session studies of self-administered tDCS with ABMT are encouraged,
however, we recommend future trials reconsider the use of webcam-based eye-

tracking, particularly where lab-based alternatives are available.
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6.1 Introduction

This chapter presents secondary findings from a randomised controlled feasibility
trial of self-administered transcranial direct current stimulation (tDCS) with attention
bias modification training (ABMT) in binge eating disorder (BED) (see Chapter 4 for
protocol). Specifically, this chapter focuses on the effect of tDCS with ABMT on
food-related attention bias (AB). As outlined previously in this thesis, AB towards
high-calorie food may contribute to the maintenance of BED. AB occurs during the
early stages of information processing and refers to a tendency to preferably detect,
orient to, and attend to emotionally or motivationally salient stimuli, as opposed to
neutral ones (MacLeod & Mathews, 2012; Mathews & MacLeod, 2005). Recent
studies suggest that people with BED tend to have AB towards food cues together
with difficulty disengaging from these cues (as measured with eye tracking
techniques) (Stojek et al., 2018). Importantly, gaze maintenance on food cues has
been shown to contribute to food cravings and to subsequent food consumption in
people with overweight and obesity (Hendrikse et al., 2015; Werthmann et al., 2014).
Indeed, findings from our cross-sectional study of AB towards food in obesity with
and without BED (Chapter 3) demonstrated that craving for food was significantly
correlated with AB towards high-calorie food cues, particularly in individuals with
BED. Due to the potential role of AB in perpetuating binge eating behaviour,
treatment approaches aimed at modifying these biases have been developed (Kemps

etal., 2016; Kemps et al., 2014).

It has been proposed that AB towards food may be directly altered using ABMT, a
form of cognitive bias modification training, and there is a growing body of research
on the effects of ABMT in the context of overeating and disordered eating
behaviours. Where these studies have tested the clinical impact of ABMT on
overeating behaviours, including binge eating episodes in BED, findings indicate
therapeutic potential (Boutelle et al., 2016; Fodor et al., 2017; Schmitz & Svaldi,
2017; Turton et al., 2018). However, effect sizes for change scores are small-to-

moderate, and evidence relating to maintenance of therapeutic effects is limited.

Non-invasive brain stimulation (NIBS) techniques, including tDCS, may also be
used to alter cognitive processes which perpetuate maladaptive eating behaviour

(Brunoni et al., 2019). Indeed, proof-of-concept studies have shown that tDCS
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targeting the dorsolateral prefrontal cortex (DLPFC), a cortical target associated with
executive functioning and cognitive control, may reduce craving, AB towards food
and objective binge eating behaviour in people with BED (Afzali et al., 2021; Max et
al., 2021). Findings from single-session studies in both clinical and non-clinical
samples have suggested that tDCS may produce greater and longer-lasting
neuroplastic effects when delivered alongside an intervention or training that
activates disorder-related neural networks (Vanderhasselt & Ottaviani, 2022).
Accordingly, randomised controlled trials (RCTs) in patients with psychiatric
disorders have reported superior outcomes from treatment when tDCS and
neurocognitive training were delivered simultaneously (Heeren et al., 2015; Heeren

etal., 2017; Moffa et al., 2018).

In BED specifically, our research group recently examined the effect of concurrent
tDCS and approach bias modification training in BED (Gordon, unpublished thesis).
Here, concurrent tDCS with approach bias modification training was associated with
improvement across several clinical domains, and there was tentative evidence to
suggest that approach bias modification with real, as opposed to sham, tDCS
produced more pronounced changes in clinical symptoms. Additionally, both real
and sham tDCS with approach bias modification reduced approach bias towards
high-calorie food by follow-up, although there was no evidence to suggest that this
reduction was greater in the group that received real tDCS. However, this was a
feasibility trial and, therefore, the sample size was small (n = 65). Moreover, due to
coronavirus-related lockdowns, several participants were unable to complete the
approach-bias component of the follow-up assessment, so power may have been

insufficient to detect differences between groups.

In this thesis, we have presented findings from a feasibility randomised sham-
controlled trial of self-administered tDCS with ABMT in BED (The TANDEM
Trial). As outlined in Chapter 5, findings suggest that the study protocol is feasible,
and that the intervention was acceptable and well tolerated by adults with BED.
Additionally, changes in clinical symptoms from baseline to follow-up suggested that
the real tDCS with ABMT treatment may produce superior therapeutic effects than
sham tDCS with ABMT or ABMT only, relative to a waiting list (WL) control. This

chapter focuses on the effect of the intervention on AB towards food, and the
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relationship between change in AB and change in BED psychopathology.

6.2 Study aims and hypotheses

The primary aim for the TANDEM trial was to assess protocol feasibility and
intervention acceptability, and to obtain between-subjects effect size estimates for
primary and secondary outcome measures to inform the design of a future large-scale

randomised controlled trial (RCT). This chapter aims to:

1. Measure change in AB towards food from baseline to follow-up.

2. Evaluate between-group differences at post-treatment and follow-up.

3. Assess the relationship between change in AB towards food and change in
key clinical outcomes (objective binge eating, eating disorder (ED) symptom

severity, body mass index (BMI), and general psychopathology).
It was hypothesised that:

1. AB towards food would be significantly reduced from baseline to follow-up
in all intervention groups.

2. Reduction in AB towards food would be greatest in the real tDCS with
ABMT group, relative to sham tDCS with ABMT and ABMT only.

3. AB towards food would be significantly reduced following tDCS with ABMT
relative to waiting list (WL) at post-treatment and follow-up.

4. Change in food related AB would be positively correlated with change in
objective binge eating behaviour, trait craving for food, BMI, ED symptom
severity and general psychopathology (i.e., reductions in AB towards high-
calorie food stimuli would be associated with reduced ED severity and

psychopathology).
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6.3 Methods

A detailed overview of the study design, participants, intervention, and outcome
assessments are provided in the TANDEM protocol paper presented in Chapter 4
(Flynn, et al., 2022), and findings relating to feasibility and acceptability outcomes,

and clinical outcomes are described in Chapter 5.
6.3.1 Design, participants, and setting

TANDEM was a single-blind randomised sham-controlled trial with four parallel
arms: (1) real tDCS+ABMT, (2) sham tDCS+ABMT, (3) ABMT only, (4) WL.
Outcomes were assessed at baseline (TO0), post-treatment (T2; immediately after
treatment completion or 2-weeks after baseline for WL) and at follow-up (T2; 6-

weeks after end-of-treatment or 8-weeks after baseline for WL).

Participants were right-handed community-dwelling adults (>18 years old) who met
criteria for overweight or obesity (BMI > 25 kg/m?) and met criteria for DSM-5 BED
diagnosis. To ensure participants were able to complete treatment and research-
related activities, they were also required to have normal or corrected-to-normal
vision and access to a laptop or desktop computer with a webcam. Main exclusion

criteria were contraindications to tDCS (e.g., history of seizures or migraines).

Potential participants first provided written informed consent, then they were
screened over the phone to determine eligibility. Eligible participants were invited to
complete the baseline assessment after which they were randomly allocated to one of
the four study arms. Participants took part in TANDEM remotely, using a personal
laptop or desktop computer with a webcam (i.e., all treatment and research activities

were completed from home with researcher support provided via video-call).
6.3.2 Intervention

See Chapter 4 (Section 4.3.6) for a detailed description of the intervention.
6.3.3 Outcome measures

A full list of outcome measures is provided in Chapter 4 (section 4.3.9). However,

outcome measures and tasks relevant to this chapter are briefly described here.
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Questionnaire Measures

ED symptoms were assessed using the Eating Disorder Examination Questionnaire
(EDE-Q; Fairburn & Beglin, 2008). Episodes of objective binge eating were taken
from the EDE-Q item about binge eating in the previous 28 days. Self-reported
weight and height were used to calculate BMI at each timepoint. General
psychopathology was assessed using the Depression, Anxiety and Stress Scale (21
item version, DASS-21; Lovibond & Lovibond, 1996). Craving for food was
examined using the Food Craving Questionnaire (trait version; Cepeda-Benito et al.,
2000). For all measures, higher scores indicated greater symptom severity or

impairment.
Visual Probe Task

The visual probe (VP) task (MacLeod et al., 1986) was used to assess visuo-spatial
AB for food cues. Each trial began with a fixation cross presented for 100ms. This
was followed by image pairs (one food image and one non-food image) that were
presented simultaneously on both sides of a computer screen (3000ms). Immediately
after the pictures disappeared, a probe appeared in the location of one of the stimuli
(i.e., on the left or right side of the screen). Participants were instructed to press the
left or right arrow key according to the location of the probe. The task consisted of
two blocks of 60 trials (120 trials total). One block paired non-food pictures with
high-calorie food pictures, whereas the other block paired non-food pictures with
low-calorie food pictures. The order of the blocks was randomised between
participants, and image presentation was randomised within each block. The position
of the food, as opposed to non-food pictures, and the position of the probe on the
screen was counterbalanced within blocks to ensure food and non-food images

appeared equally often on the left and right sides of the screen.

Behavioural AB scores were calculated separately for each participant by subtracting
mean reaction time (RT) for responses to valid trials in which the probe was
concealed by a food-related image (congruent trial) from those in which the target
was concealed by a neutral image (incongruent trial). Mean AB score for food, as
well as the mean AB score for high- and low-calorie trial types, was calculated for

each participant.
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Eye movements were recorded using the participant’s webcam to directly measure
visual attention towards food and non-food stimuli. Dwell bias was calculated by
subtracting the total time spent attending to the non-food stimulus (ms) from the time
spent attending to the food stimulus (ms) during each trial. Mean dwell bias for food,
as well as the mean dwell bias for high-calorie and low-calorie trial types, was

calculated for each participant.

6.3.4 Procedure

After potential participants had provided written informed consent, they were
screened against inclusion/exclusion criteria over the phone. At screening, BED
diagnosis was confirmed using the Eating Disorders Diagnostic Scale (Stice, et al.,
2000). Physical and psychiatric comorbidities, current medications, and tDCS safety
were assessed using a general health questionnaire developed for the purpose of this
study. Eligible participants then completed the baseline (T0) assessment after which
they were randomised to one of four groups: (1) real tDCS+ABMT, (2) sham
tDCS+ABMT, (3) ABMT only, or (4) WL. Intervention groups then completed 10
sessions of their allocated treatment, up to 5 sessions/week, across 2-3 weeks. During
this time, the WL group received no experimental treatment. All participants then
completed the post-treatment assessment (T1) after the 10th (final) session of
treatment or after 2-weeks of waiting (WL group). Six weeks later (i.e., 6 weeks after
completing treatment or after 8-weeks of waiting) participants completed the final
(T2) follow-up assessment. Following this, WL participants were invited to
commence ABMT. At each assessment participants completed questionnaire
measures online using Qualtrics™ and neurocognitive tasks using Gorilla™.
Participants completed a range of neurocognitive tasks (See Chapter 4). Here, we
focus on the visual probe task, which was the first task in the neurocognitive battery

for all participants.

6.3.5 Data Preparation

As outlined in the study protocol (Chapter 4), analyses were completed in the
intention-to-treat population (i.e., all participants with baseline assessment data). Due
to technical difficulties with webcam eye-tracking calibration (>5 unsuccessful 9-
point-calibration/validation attempts), 31.6% of study participants were unable to

complete the visual probe task at baseline (real tDCS+ABMT: n =5, sham
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tDCS+ABMT: n =6, ABMT only: n = 6, WL: n = 8). As such, the final intention-to-
treat sample included 54 participants (real tDCS+ABMT: n = 15, sham
tDCS+ABMT: n = 14, ABMT only: n = 14, WL: n = 11). Independent t-tests
suggested that there were no differences between those who did and did not complete
the visual probe task at baseline based on age, BMI, or ED symptom severity.
However, it is noteworthy that among those who did not complete the task (because

of calibration/validation failures) most wore glasses (21/25 participants).

Data were missing from 2 participants at post-treatment (one from each of the
intervention groups) and 1 participant at follow-up. Independent t-tests showed that
there were no differences between completers and non-completers based on the age,
BMI, ED symptom severity, or DASS-21 total score. As such, missing data were
viewed to be missing completely at random and were managed using case-wise

deletion.

For the visual probe task, trials were considered invalid if the response was incorrect
or the RT was < 200ms or > 2000ms (Bradley et al., 2003). Baseline eye movement
data were excluded for two participants (one from the real tDCS+ABMT only group
and one from ABMT only group) as output indicated that calibration was lost during
task administration. As such, eye movement data from the remaining 52 participants
were included in the data analysis. All eye-movement data from post-treatment and

follow-up timepoints was retained.

6.3.6 Data Analysis

Change in AB from baseline to follow-up was assessed using mixed model analysis
of variance (ANOVA) with one between-subjects factor (group: real tDCS+ABMT,
sham tDCS+ABMT, ABMT only, or WL), one within-subjects factor (time: baseline,
post-treatment, and follow-up) and one covariate (Baseline BMI). Planned between-
groups contrasts (independent t-tests) assessed differences between intervention
groups and WL at both the post-treatment and follow-up timepoints. Planned within-
groups contrasts (paired t-tests) assessed change from baseline to post-treatment, and
baseline to follow-up for each group. Bonferroni corrections for multiple
comparisons were applied for between-groups (p <.05/3 =.017) and within-groups

(p <.05/4 = .0125) comparisons. Analyses were completed separately for both
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indices of AB (i.e., AB scores and dwell bias scores). Analyses first examined AB
towards food stimuli in general, then AB for high-calorie food stimuli, and finally

AB for low-calorie food stimuli.

Bivariate correlations (Pearson’s correlation) were used to explore the relationship
between AB towards high-calorie food at follow-up and change scores to follow-up
for a) objective binge eating, b) trait craving for food, ¢) BMI, and d) general
psychopathology (DASS-21 total score). Correlations were significant at

p <0.05.
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Table 6.1. Mean attention bias scores (ms) and standard deviations by group over time.

Real tDCS+ABMT Sham tDCS+ABMT ABMT Only WL
(n=15) (n=14) (n=14) (n=11)
T1 T2 T3 Tl T2 T3 T1 T2 T3 T1 T2 T3

Behavioural Indices of Attention Bias

19.19 386 -1556  15.11 -2.18 4.74 16.65 7.23 8.93 12.36 14.68 15.61
AB score (32.03)  (31.36)  (1695)  (20.89)  (11.08)  (2322)  (21.61)  (29.40)  (36.60)  (2824)  (2727)  (26.61)

18.67 -19.68 3952 1413 -1215  -2.82 15.72 1.28 -4.34 1832 21.77 19.91
AB score (HC) (35.83)  (43.04)  (4135)  (2949)  (17.99)  (33.59)  (40.03)  (54.84)  (47.96)  (30.78)  (46.47)  (41.67)

15.73 1229 21.50 13.92 3.43 11.28 15.58 12.40 16.39 8.62 6.12 9.18
AB score (LC) 42.86)  (3432)  (2871)  (21.34)  (2931)  (37.68)  (35.17)  (40.82)  (3391)  (29.87)  (3121)  (30.60)
Eye-Tracking Indices of Attention Bias

102.32 5.15 3955 139.02  -1896 5262 18112 -3.58 1052 143.66 13580 11418
Dwell bias score (49.29)  (159.58)  (96.17)  (96.10)  (71.81)  (172.99) (15142)  (127.11)  (12238) (100.98) (107.25)  (212.08)

14911 -141.54  -12348 19500  -32.71 3863  223.45 11.63 39.87 20598 19432 17541
Dwell bias score (HC) (s 04y (26358  (91.01)  (12798) (10238) (22805 (12901)  (16428)  (157.36) (20598) (187.35) (272.97)

51.51 11032 71.90 82.82 3356 11495  85.64 -3.65 49.61 77.53 62.98 67.89
Dwellbiasscore (LC) (g406)  (187.18) (114.16) (122.14)  (66.81)  (32945) (13424) (11497)  (89.63) (118.79) (118.72) (180.39)

Abbreviations (in alphabetical order): ABMT, attention bias modification training; HC, high-calorie; LC, low-calorie; ms, milliseconds; tDCS, transcranial

direct current stimulation; WL, waiting list.
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6.4 Results

Means and standard deviations (SDs) for AB scores are presented in Table 6.1. Mean
change scores for clinical outcome measures are reported in Appendix A.11. RTs for
congruent and incongruent trials on the visual probe task and total fixation times for

food and non-food items at baseline, post-treatment, and follow-up (means and SDs)

can be viewed at Appendix A.12.
6.4.1 Behavioural outcomes

Regarding overall AB towards food, results from a mixed models ANOVA with one
between-subjects factor (group) and one within-subjects factor (time), controlling for
baseline BMI, revealed no significant main effect for group (p =.167, n5 = .097) or
time (p = .471; nj = .015). However, a trend-level group by time interaction was
observed (F(6, 98) = 2.731, p = 0.054, n; = .143) (Figure 6.1). Planned between-
group contrasts with Bonferroni correction (p < 0.017) revealed no significant
differences between groups at post-treatment, however, a trend-level difference
between real tDCS+ABMT and WL emerged at follow-up, with lower AB towards
food in the real tDCS+ABMT group than the WL group (mean difference = -31.174,
95% CI =-66.34, 3.99, p = .029, Hedge’s g = -1.449). No other between-group

differences were significant.

Figure 6.1. Bar chart summary of mean AB score for food stimuli over time by

group controlling for baseline BMI
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Figure legend: ** Significant after Bonferroni correction. * Significant at p < 0.05 but does not survive Bonferroni
correction. Error bars show 95% confidence interval.
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Planned within-group contrasts with Bonferroni correction (p <.0125) revealed a
significant reduction in AB towards food in the real tDCS+ABMT group from
baseline to follow up (mean difference = -34.75, 95% CI =-58.14, -11.92, p < 0.001,
Hedge’s g = -1.396) but not post-treatment (p = 0.058, Hedge’s g = -.0727). No
within-group differences over time were observed for the sham tDCS+ABMT,

ABMT only or WL groups, and effect sizes were small.

When considering high-calorie food trials only, results from a 4x3 mixed models
ANOVA which controlled for baseline BMI revealed a significant main effect for
group (F(3, 49) =2.875, p <0.05, 7722, =.150) and a significant group by time
interaction (F(6, 98) = 2.163, p <0.05, n;; = .118). No significant main effect for
time was found (p = .914, n; = .002) (Figure 6.2). Planned between-group contrasts
with Bonferroni correction (p < 0.017) revealed no significant differences between
groups at baseline or post-treatment. By follow-up, AB for high-calorie food stimuli
was significantly lower in the real tDCS+ABMT group than the WL group (mean
difference = -59.42, 95% CI =-105.125, -13.77, p < 0.005, Hedge’s g = -1.432). No

other between-group differences were significant, and effect sizes were small.

Figure 6.2. Bar chart summary of mean AB score for high-calorie food stimuli over

time by group controlling for baseline BMI.
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Figure legend: **Significant after Bonferroni correction* Significantat p < 0.05 but does not survive
Bonferroni correction. Error bars show 95% confidence interval.
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Within group contrasts with Bonferroni correction (p < 0.0125) revealed a trend level
reduction in AB towards high-calorie food in the real tDCS+ABMT group from
baseline to post-treatment (mean difference = -38.61, 95% CI =-71.88, -5.340,
p=.018, Hedge’s g = -.968). This reduction in AB towards high-calorie food became
significant at follow-up compared to baseline (mean difference = -59.15, 95% CI = -
92.90, -25.41, p <0.001. Hedge’s g = -1.504). No other significant within-group

differences were observed, and associated effect sizes were small.

When considering low-calorie food trials only, results from a 4 x 3 mixed models
ANOVA which controlled for baseline BMI revealed no significant main effect for
group (p = .760 n,; = .023) or time (p = .315, n, = .023), and no significant group by
time interaction (p = .994, nf, =.007). See Appendix A.13 for a bar chart summary

of mean AB scores for low-calorie food trials by group at each assessment timepoint.
6.4.2 Eye-Tracking outcomes

Regarding overall dwell bias towards food, results from a mixed models ANOVA
with one between-subjects factor (group) and one within-subjects factor (time),
controlling for baseline BMI, revealed a significant main effect for group (F(3, 50)
=4.523, p <0.005, 77;2; =.213) but not time (p =.218, ny; = .031), and no-significant
group by time interaction (p = .147, nzzJ =.091) (Figure 6.3). Given the significant
main effect for group, we proceeded with planned contrasts comparing intervention
groups to WL at post-treatment and follow-up timepoints. Contrasts at post-treatment
revealed that, relative to WL, dwell bias towards food was lower in the real
tDCS+ABMT group (mean difference = -130.278, 95% CI =263.495, 2.940, p =
0.59, Hedge’s g =-.961), the sham tDCS+ABMT group (mean difference = -160.83,
95% CI =-296.86, -24.80, p < .01, Hedge’s g = -1.696), and the ABMT only group
(mean difference = -146.83 95% CI = -283.26, -10.391, p < .05, Hedge’s g =-1.185),
however, these did not survive Bonferroni correction (p < .017). Planned contrasts

revealed no significant differences between intervention and WL groups at follow-
up.

Visual inspection of the means (Figure 6.3) suggested we should also proceed with
planned within-group analyses (paired t-tests) with Bonferroni correction

(p < 0.0125). These revealed no significant change in dwell bias towards for food in

the real tDCS+ABMT group from baseline to post-treatment (p = 0.72, Hedge’s g =
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-.823), however, there was a trend toward a reduction in in dwell bias towards food
from baseline to follow up (mean difference = -136.84, 95% CI =-263.34, -10.34,

p < .05, Hedge’s g =-1.857). In the sham tDCS+ABMT group, there was a
significant reduction in AB for food from baseline to post-treatment (mean difference
=-159.48, 95% CI=-263.91, -55.04, p < 0.001, Hedge’s g = -1.875). However, this
reduction was not maintained at follow-up (p = .281, Hedge’s g = -.619). In ABMT
only, dwell bias towards food significantly reduced from baseline to post-treatment
(mean difference = -186.98, 95% CI =-291.78, -82.183, p <0.001, Hedge’s g = -
1.321) and follow-up (mean difference = -175.98, 95% CI =-306.98, -44.99, p <
0.005, Hedge’s g = 1.239. Dwell bias for food did not change over time in the WL

group (p = 1.00).
Figure 6.3. Bar chart summary of mean dwell bias score for food stimuli over time

by group controlling for baseline BMI.
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Figure legend: ** Significant after Bonferroni correction. *Significant at p < 0.05 but does not survive Bonferroni
correction. Dotted brackets highlight within-group differences. Solid brackets highlight between-group differences.
Error bars show 95% confidence interval.

When considering high-calorie food trials only, results from a 4 x 3 mixed models
ANOVA controlled for baseline BMI revealed a significant main effect for group
(F(3,49) =10.015, p <0.001, nj = .380) but not time (p =.294, nj = .025), and no
significant group by time interaction (p = .080, n; = .107) (Figure 6.4). Given the

large effect size for the interaction, we proceeded with planned contrasts. Between-

group contrasts with Bonferroni correction (p < 0.017) revealed that there was no
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significant difference between groups at baseline (p = .301; n%=.061). At post-
treatment, dwell bias was significantly lower in the real tDCS+ABMT group than in
the WL group (mean difference = -335.50, 95% CI =-544.31, -126.69, p < 0.001,
Hedge’s g = -1.469). Similarly, dwell bias was lower in the sham tDCS+ABMT
group than in the WL group (mean difference = -232.88, 95% CI = -446.10, -19.66, p
< 0.05, Hedge’s g = -1.504), although this difference was not significant after
Bonferroni correction. At follow-up, dwell bias was significantly lower in the real
tDCS+ABMT group than in the WL group (mean difference = -298.70, 95% CI = -
511.031, -86.366, p <.005, Hedge’s g =-1.578). No other differences between

groups were observed.

Figure 6.4. Bar chart summary of dwell bias score for high-calorie food stimuli over

time by groups
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Figure legend: ** Significant after Bonferroni correction. * Significant at p < 0.05 but does not survive Bonferroni

correction. Error bars show 95% confidence interval. Dotted bracket denotes within-subjects difference. Solid
bracket denotes between subjects difference.

Planned within-group contrasts with Bonferroni correction showed that, in the real
tDCS+ABMT group, dwell bias for high-calorie food significantly reduced from
baseline to post-treatment (mean difference = -287.12, 95% CI =-432.62, -141.62, p
<.001, Hedge’s g = -1.513) and follow-up (mean difference = -270.80, 95% CI = -
422.62,-118.98, p <.001, Hedge’s g =-3.432). In sham tDCS+ABMT, dwell bias
towards high-calorie food significantly reduced from baseline to post-treatment

(mean difference = -230.20, 95% CI = -380.36, -80.05, p < .001, Hedge’s g = -
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1.965), but this was non-significant from baseline to follow-up (mean difference = -
157.64, 95% CI =-314.31, -.959, p < 0.05, Hedge’s g =-.995). Similarly, in the
ABMT only group, dwell bias significantly reduced from baseline to post-treatment
(mean difference = -215.61, 95% CI = -366.28, -64.94, p < 0.005, Hedge’s g = -
1.434), but this was non-significant from baseline to follow-up (mean difference = -
185.50, 95% CI =-342.71, -28.29, p < .05, Hedge’s g = -1.276). Dwell bias for high-
calorie food did not change over time in the WL group (p = 1.00).

When considering low-calorie food trials only, results from a 4 x 3 mixed models
ANOVA which controlled for baseline BMI revealed no significant main effect for
group (p = .629, n; = .034) or time (p = .186, n;; = .034), and no significant group by
time interaction (p = .641, nf, =.042). See Appendix A.14 for a bar chart summary

of dwell bias score for low-calorie food stimuli over time by groups.
6.4.3 Correlational Analyses

We did not identify any significant correlation between change in attention bias score
and clinical outcomes (monthly episodes of objective binge eating, trait craving for
food, ED symptoms severity, BMI, or general psychopathology) at post-treatment or
follow-up. Similarly, no significant correlations between dwell bias and clinical
outcomes were observed at either timepoint. A full summary of these findings with

correlation coefficients and p-values is provided in Appendix A.15.
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6.5 Discussion

In line with our hypotheses, our findings indicate that ABMT significantly reduces
AB towards high-calorie food stimuli, and that change in AB towards high-calorie
food may be most pronounced when ABMT is combined with real tDCS. However,
in contrast to our hypothesis, we found no evidence to suggest that reduced AB
towards high-calorie food stimuli was associated with improvement in ED

symptoms.

When AB was assessed indirectly (i.e., using scores derived from RTs), we observed
a significant linear reduction in AB towards food from baseline to follow-up in the
real tDCS with ABMT group. This reduction was most pronounced when analyses
were limited to trials using high-calorie food items only. Indeed, by follow-up, there
was a statistically significant difference between groups, with significantly lower AB
for high-calorie food stimuli in the real tDCS with ABMT group than the WL group.
In contrast, we found no significant change in food-related AB from baseline to post-
treatment or follow-up in either the sham tDCS with ABMT group or the ABMT
only group. Similarly, neither group differed from WL control at the post-treatment
or follow-up timepoints. However, it is noteworthy that the means for these groups
showed a quadratic trend with a convex curve, whereby scores were initially reduced
but gradually increased by follow-up. Additionally, although there was no significant
difference between groups for AB towards low-calorie food stimuli, and AB towards
low-calorie food stimuli did not significantly change over time for any group, there
was a visible increase in AB towards low-calorie foods in the real tDCS with ABMT
group. Given that participants were trained to “look away” from high-calorie foods
and to “look towards” low-calorie foods, this may suggest that bias acquisition was

more effective when ABMT was delivered alongside real tDCS.

Similarly, when AB was assessed directly, the real tDCS with ABMT group showed
a significant linear reduction from baseline to post-treatment with continued decline
at follow-up. As hypothesised, this change was driven by significant reductions in
dwell bias for high-calorie food stimuli. Indeed, at post-treatment and follow-up,
dwell bias for high-calorie food stimuli was significantly reduced in the real tDCS
with ABMT group relative to the WL group. Additionally, the sham tDCS with
ABMT group and the ABMT only group showed significantly less dwell bias for

high-calorie food stimuli from baseline to post-treatment. Moreover, in the ABMT



only group, this change in dwell bias towards food was maintained at follow-up.
Taken together, these findings suggest that ABMT produced significant reductions in
dwell bias towards high-calorie food stimuli, and this effect was augmented by

simultaneous real tDCS administration.

These findings compare favourably with those reported in a recent study of
concurrent tDCS with approach bias modification training (Gordon, unpublished
thesis). In this feasibility trial, participants received six-sessions of lab-based tDCS
during approach bias modification training over three consecutive weeks. Findings
suggested that neither real nor sham tDCS with approach bias modification training
significantly reduced approach bias for high-calorie food relative to waiting control,
and effect sizes for change scores were small. It is plausible that approach bias
modification training has poor efficacy in BED, or that a greater number of sessions
are needed to achieve meaningful changes in automatic behaviour in the context of
food. Indeed, in TANDEM, participants received a greater number of sessions than
was used here (ten vs six), and sessions were delivered with greater frequency (every

week day vs two visits per week).

It is of note, however, that reductions in AB and dwell bias towards food were not
associated with change in clinical symptoms. Our hypothesis that food-related AB
and dwell bias would positively correlate with clinical symptoms (i.e., craving for
food, objective binge eating episode frequency, BMI, and ED symptom severity) was
based on evidence that difficulties in disengaging/elevated gaze maintenance towards
high-calorie food stimuli is associated with craving for food and increased binge
eating episodes (e.g., Seo & Lee, 2021). One explanation for this finding could be
that the magnitude of learning effects throughout ABMT (i.e., indexed by gradual
decreases in reaction time) does not predict the magnitude of clinical response in
adults with BED. However, only one study has attempted to characterise learning
effects during ABMT protocols and examine how it relates to clinical response
(Abend et al., 2019). This study was conducted in people with social anxiety disorder
and the authors found that ABMT-induced learning gains predicted the magnitude of
reduction in self-reported anxiety symptoms, and that this effect was moderated by
age. It is vital that future studies evaluate how ABMT-induced learning relates to
clinical response, given the important implications this has for the clinical utility of

ABMT.



Alternatively, it is possible that other components of attention control are more
closely related with clinical outcomes. The visual probe task used here focused on
the maintenance of attention (i.e., RTs and eye-tracking for 3000ms trials) however,
previous studies of AB in BED have reported AB towards high-calorie food stimuli
at the initial orientation stage (i.e., within 200ms) and difficulties disengaging with
high-calorie food trials (i.e., after ~500ms). Future trials should incorporate the
assessment of early stage attention processes to comprehensively clarify the temporal
dynamics of AB towards high-calorie food stimuli in BED and how this relates to

clinical symptoms.

A key strength of this study is that it explores the potential mechanisms of change
underpinning the therapeutic effects reported in Chapter 5, including reductions in
objective binge eating behaviour, improved mood, and weight loss. We strongly
encourage future studies to also include mechanistic outcome measures, e.g.,
neurocognition or biological, to build a comprehensive understanding of the clinical
utility of tDCS and ABMT in people with BED. However, several limitations should
be considered. First, as a feasibility study the sample size was small, and it was not
intended that this study provide definitive findings relating to intervention efficacy.
Instead, the aim was to provide proof-of-concept data which may inform the
selection of outcome measures for a future large-scale trial and provide effect-size

estimates for sample size calculation.

Second, although eye-tracking methods offer a more reliable assessment of AB and
provide greater insight into the components of biased attention (Waechter et al.,
2014), as discussed in Chapter 3 (section 3.5), webcam-based technologies are not, at
present, sufficiently proficient tools for assessing AB. Although evidence from pilot
suggests that webcam-based eye-tracking may produce data of comparable quality to
lab-based equipment for some eye-tracking paradigms (e.g., Semmellmann &
Weigelt, 2018), the consensus in the literature is that these technologies are not yet
suitable for paradigms that require detailed spatial resolution of fixations or high
spatio-temporal resolution, including those used to assess AB (Anwyl-Irvine et al.,
2020). Indeed, in the TANDEM trial, webcam-based eye-tracking was only able to
assess dwell bias and, therefore, our understanding of the effect of tDCS with ABMT
on AB towards food was limited. Moreover, a substantial number of participants

(31.2%) were unable to complete eye-tracker calibration/validation at baseline and



were therefore lost to the intention-to-treat sample. Thus, while we expect that future
webcam-based eye-tracking will be a useful tool for assessing attention-related
processes, including AB, our findings indicate that this technology is not yet robust
enough for use in clinical trials. With this in mind, we recommend that future studies

prioritise the use of lab-based eye-tracking equipment when directly assessing AB.

This trial assessed AB using both eye-tracking and response latencies. The reasons
for adopting this approach were largely pragmatic, due to the coronavirus-related
need to conduct research activities remotely. However, it must be noted that AB
indices based on response latencies during the dot-probe task have been shown to
have poor internal reliability and test-retest reliability (see Bar-Haim et al., 2007 for

review), so continued use of these indices is discouraged.

Third, given the similarities between the visual probe task and ABMT, we
recommend that future studies consider using a different outcome measure to assess
change in food-related AB. Indeed, recent studies have suggested that the visual
probe task, even when paired with eye-tracking, may not be the optimal tool for
assessing AB. Rather, free-viewing paradigms have received superior psychometric
evaluations in both clinical (e.g., Soleymani, et al., 2020) and non-clinical
populations (e.g., Veerapa et al., 2020). Moreover, when paired with eye-tracking
with high spatio-temporal resolution (i.e., lab-based eye-tracking), free-viewing
paradigms may be used to assess AB across the early, middle, and late stages of
attention processing, particularly when presentation duration is long (> 3000ms;
Hardman et al., 2021). Functional neuroimaging during food-related attention
paradigms may also provide useful insight into the effects of tDCS with ABMT on
attention processing. For example, previous studies of attention control in obesity
and BED have used functional magnetic resonance imaging (fMRI) during the
attention network task with food cues to assess neural activation during the alerting,
orienting and re-orienting stages of attention processing (Mercado et al., 2023;
Yokum et al., 2011). Future studies which integrate functional neuroimaging with
outcome assessment are encouraged, as these will provide insight into the effects of
treatment on neural mechanisms underlying attention control and clarify the

appropriateness of the DLPFC as a target for tDCS in BED.

Finally, the omission of a sham ABMT group means that we are unable to comment

on placebo effects that may be attributable to ABMT. Indeed, meta-analyses of trials



using cognitive bias modification programmes in eating and weight disorders have
called for a greater number of trials including a sham training group (Fodor et al.,
2017; Turton et al., 2016). As such, RCTs of real vs sham ABMT in BED are also

encouraged.

In conclusion, in this first investigation of at-home self-administered tDCS with
ABMT we found that real tDCS with ABMT was associated with significant
reductions in AB towards high-calorie food which were maintained at follow-up.
However, reductions in food-related AB were not related to improvements in clinical
outcomes and therefore this warrants further investigation.it remains unclear whether
changes in AB towards food were related to therapeutic effects. Future multi-session
studies of self-administered tDCS with ABMT which make use of lab-based eye-

tracking equipment and free-viewing paradigms are recommended.



Chapter 7. General discussion

Author contributions: The candidate conceptualised and drafted the chapter.
Professor Ulrike Schmidt and Professor Iain Campbell reviewed the chapter and

provided constructive feedback.
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7.1 Thesis Aims

Binge eating disorder (BED) is a common and disabling eating disorder (ED), yet
treatment options are limited (Giel, Bulik, et al., 2022; Hilbert et al., 2020). There is
a need to develop new treatments for BED, and these may yield superior outcomes if
they directly target the mechanisms involved in the development and maintenance of
BED. In contemporary neurobiological models, altered cognitive control has been
implicated (e.g., Kober & Boswell, 2018), and recent studies have indicated that
attention bias (AB) towards high-calorie food may be a potent target for treatment
(Stojek et al., 2018). Accordingly, interventions that directly target cognitive control
functions, including AB towards food, have been developed. These include attention
bias modification training (ABMT), a computerised training programme that aims to
reduce the strength of an implicit AB towards high-calorie food cues, and
transcranial direct current stimulation (tDCS), a non-invasive brain stimulation
(NIBS) technique that uses direct current electric fields to alter cortical excitability
and enhance neuroplasticity. Therapeutic effects have been reported following
ABMT, however, effect sizes are small (Boutelle et al., 2017; Schmitz & Svaldi,
2017). Similarly, studies have reported that tDCS may reduce craving for food,
improve mood and reduce objective binge eating (Afzali et al., 2021; Burgess et al.,
2016). Of interest, it is proposed that the effects of tDCS may be enhanced when
disorder-related brain regions are activated during stimulation, and that the effects of
ABMT may be improved when neuroplasticity is greater. Thus, outcomes from
treatment may be superior when tDCS and ABMT are combined.

Accordingly, the work presented in this thesis aimed to:

1. Evaluate the evidence that non-invasive brain stimulation techniques,
including tDCS, may achieve influence AB.

2. Clarify the extent to which AB towards food may be a distinct feature of
BED, as opposed to a phenotype related to obesity.

3. Assess the feasibility and acceptability of ten-sessions of at-home self-
administered tDCS with ABMT in adults with BED.

4. Obtain preliminary evidence relating to the clinical efficacy of at-home tDCS

with ABMT, as well as the effect of the intervention on food related AB.
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7.2 Main findings

7.2.1 The effects of neuromodulation on AB for emotional stimuli in healthy and

clinical populations

The systematic review with meta-analyses presented in Chapter 2 was, to the best of
our knowledge, the first to evaluate the effect of NIBS on emotional AB. Our
findings indicated that, thus far, there is limited evidence to suggest that NIBS
targeting the dorsolateral prefrontal cortex (DLPFC) alters emotional AB, or that the
effect of NIBS on AB differs depending on the technique used or the valence of
emotional stimuli assessed (i.e., positive or negative). However, as the literature was
highly heterogenous, these findings should be viewed with caution. Indeed, it was
noteworthy that 80% of studies that used clinical or subclinical samples reported an
effect for NIBS on AB for emotional stimuli, and that the pattern of findings in these
studies was generally consistent with the theorised effects of NIBS on AB, i.e., that
upregulation of the left DLPFC and down regulation of the right DLPFC will reduce
AB towards emotional stimuli, whereas down regulation of the left DLPFC and
upregulation of the right DLPFC will increase AB towards emotional stimuli. These
findings are consistent with the hypothesis that, when applied therapeutically (e.g., to
upregulate the left DLPFC and/or down regulate the right DLPFC), NIBS techniques
achieve therapeutic effects by improving cognitive control of attention (i.e., reflected

in reduced AB).
7.2.2 AB towards food in obesity with and without BED

Chapter 3 presented a cross-sectional study of AB towards food stimuli in fasted
adults with obesity with and without BED. As expected, both groups showed an AB
towards high-calorie food cues. Interestingly, this bias was not significantly greater
in participants with BED, relative to those without BED. Nevertheless, visual
inspection of the means suggested a trend for elevated AB towards food in the BED
group, which may have become significant in a larger sample. It is possible that
differences between individuals obesity with and without BED may also emerge
during the early stages of attention processing, rather than during the maintenance
stage which was assessed here. Indeed, in previous studies of food-related AB in
obesity with and without BED, it has been reported that participants with BED show

an early orientation bias towards food and have greater difficulty disengaging with
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food stimuli, relative to controls. Additionally, AB towards low-calorie food cues
was observed in participants with BED only, suggesting that food, in general, may

have high incentive salience in BED.

Regarding appetitive motivation, in contrast to our hypotheses, ratings for current
craving, hunger and satiety also did not differ between groups, and AB towards food
was not significantly correlated with current hunger or satiety. We did observe the
expected positive correlation between AB for high-calorie food cues and craving,
and, as expected, this correlation was stronger in the participant group with BED.
These findings are mostly consistent with those reported in recent meta-analyses, i.e.,
that appetitive motivational factors are strongly associated with AB towards high-
calorie food cues (Hagan et al., 2020; Hardman et al., 2021). However, it was
surprising that current hunger and satiety were unrelated to AB towards food stimuli.
This may be related to altered hunger and satiety sensitivity in obesity and BED
(Boutelle et al., 2017).

Taken together, findings from this cross sectional study suggest that AB towards
high-calorie food is pronounced in fasted individuals with obesity with and without
BED. However, it is possible that AB may be distinctive in people with BED.
Specifically, BED may be characterised by a particularly strong relationship between
craving and AB towards high-calorie food as well as AB towards low-calorie food
cues. Future studies that manipulate appetitive motivational factors (e.g., craving and
hunger) are needed to characterise the AB phenotype in both populations (i.e.,

obesity with and without BED).
7.2.3 Feasibility and acceptability of at-home self-administered tDCS with ABMT

Findings from our randomised sham-controlled trial of at-home self-administered
tDCS with ABMT suggested that the study protocol was feasible, and that the
intervention was viewed to be highly acceptable by participants with BED (Chapter
5). Specifically, recruitment rates exceeded a priori minimum criteria for feasibility
(minimum 5 participants per month for 12 months), and retention to follow-up rates
were high (82.9%). Similarly, treatment session attendance was excellent in all
intervention groups: almost all participants completed all 10 treatment sessions
within the 3-week maximum timeframe (78/79), and most followed the optimal

treatment protocol (i.e., 10 sessions across 10 consecutive weekdays). Indeed, rates
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for treatment adherence and retention to follow up in the TANDEM trial are
comparable to those reported in a previous trial of concurrent tDCS with
neurocognitive training in BED (i.e., 83.1% completed treatment per protocol and
89% were retained to follow-up assessment; Gordon et al., unpublished PhD thesis),
and superior to those evaluating stand-alone tDCS treatment (Afzali et al., 2021) or

cognitive bias modification in BED (Boutelle et al., 2017; Brockmeyer et al., 2019).

Regarding intervention acceptability, the findings indicate that self-administered at-
home tDCS was well tolerated by participants; mean discomfort ratings across both
weeks suggested that participants only experienced mild discomfort during
stimulation. Similarly, side effects were reported infrequently (2 occasions in real
tDCS and 3 in sham tDCS) and on each occasion they were mild and transient. This
is consistent with previous studies of tDCS safety and tolerability (Brunoni et al.,
2019). Participants also viewed the treatment to be highly acceptable, as
demonstrated by high rates of endorsement (i.e., “would recommend to a friend”)
among those who received the real tDCS with ABMT intervention. Finally,
participant blinding to tDCS condition was effective (i.e., participants did not
correctly guess real/sham allocation at a rate greater than chance), suggesting that

self-administration did not compromise blinding success.

7.2.4 Preliminary evidence for therapeutic effects following self-administered tDCS

with ABMT

Preliminary findings from the TANDEM randomised sham-controlled trial of self-
administered tDCS with ABMT in BED suggested that all interventions (i.e., real
tDCS with ABMT, sham tDCS with ABMT, and ABMT only) had clinical benefit
between baseline and follow up, however, real tDCS with ABMT appeared to be

associated with superior outcomes from treatment.

With regards to the primary clinical outcome — change in monthly episodes of
objective binge eating — all intervention groups reported a reduction in objective
binge eating at follow-up, relative to waiting list control (WL) however, effect sizes
for change scores were largest for the real tDCS with ABMT group, and small-to-
moderate effect sizes for change scores, which favoured the real group, were
observed when comparing real tDCS with ABMT to sham tDCS with ABMT and

ABMT only. Indeed, exploratory analyses (negative binomial regression) suggested
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that treatment group was a significant predictor of objective binge episode frequency
at follow-up, with monthly objective binge episode count predicted to be 33% lower
in the real tDCS with ABMT group than in the WL group. Accordingly, BMI change
was most substantial in the real tDCS+ABMT group (mean BMI reduction = 1.28

units).

General psychopathology was also improved across all intervention groups, however,
change was most pronounced in those participants that received real tDCS with
ABMT, particularly when considering the depression subscale only. This finding is
consistent with those reported in previous clinical trials using tDCS in populations
with low mood; namely, that tDCS is associated with pronounced improvement in
mood that can endure well beyond the stimulation session, particularly when
multiple tDCS sessions are provided (Moffa et al., 2018). Similarly, craving for food
and difficulties with emotion regulation were both improved by real tDCS with
ABMT, relative to WL, and large effect sizes for change scores were reported. By
comparison, moderate effect sizes for change scores were reported for sham
tDCS+ABMT and ABMT only. Real tDCS with ABMT superiority may reflect
tDCS driven changes to DLPFC functioning which, over time, manifest through

improvements in self-regulatory control.

Overall, these findings are consistent with those reported in previous multi-session
trials using tDCS (Afzali et al., 2021), cognitive bias modification training (Boutelle
et al., 2016; Brockmeyer et al., 2019) or a combination of neurocognitive training
and tDCS (Gordon, unpublished thesis) in participants with binge-type EDs.
However, the continuation of therapeutic effects to follow-up (i.e., 6 weeks after end-
of treatment) is somewhat unique. Indeed, a previous trial of tDCS with approach
bias modification training reported that although episodes of binge eating were
reduced by the end of treatment (large effect size), the strength of the effect was
reduced by 8-week follow-up, suggesting a possible attenuation of therapeutic effects

over time (Gordon, unpublished thesis).

7.2.5 Change in AB towards food as the mechanism underlying the therapeutic
effects associated with concurrent tDCS with ABMT

Findings from the TANDEM trial suggested that, overall, ABMT significantly

reduced AB towards high-calorie food stimuli, and that avoidance bias acquisition
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may be most pronounced when ABMT is combined with real tDCS. When AB was
assessed directly (eye-tracking), we observed a significant linear reduction in AB
towards high-calorie food between baseline and follow-up, and at both timepoints,
AB towards high-calorie food was significantly reduced relative to WL. In the sham
tDCS with ABMT group and the ABMT only group, AB for high-calorie food
stimuli was significantly reduced between baseline and post-treatment, albeit to a
lesser degree than in the real tDCS with ABMT group. In the ABMT only group, this
change in AB was sustained to follow-up. Additionally, although there was no
significant difference between groups for AB towards low-calorie food stimuli, and
AB towards low-calorie food stimuli did not significantly change over time for any
group, there was a visible increase in AB towards low-calorie food stimuli in the real
tDCS with ABMT group only. Given that participants were trained to “look away”
from high-calorie foods and to “look towards” low-calorie foods, this suggests that

bias acquisition was more effective when ABMT was delivered alongside real tDCS.

Correlational analyses revealed no significant relationship between change in AB
towards food and change in clinical symptoms. One explanation for this finding
could be that the magnitude of learning effects throughout ABMT (i.e., indexed by
gradual decreases in reaction time) does not predict the magnitude of clinical
response in adults with BED. Alternatively, it may be that AB during the earlier
stages of attention control (e.g., orientation bias) may be more closely related to

clinical outcomes.

Of interest, the present findings compare favourably with those reported in a recent
study of concurrent tDCS with approach bias modification training (Gordon,
unpublished thesis). In this earlier feasibility trial, participants received six-sessions
of lab-based tDCS during approach bias modification training over three consecutive
weeks. Findings suggested that neither real nor sham tDCS with approach bias
modification training significantly reduced approach bias for high-calorie food cues
relative to waiting control, and effect sizes for change scores were small at follow-
up. TANDEM differed from the trial by Gordon et al. in a number of ways which
may have contributed to divergent findings. First, in In Gordon et al., tDCS was
delivered alongside a different form of neurocognitive training: approach bias
modification. Approach bias modification training aims to alter approach bias for

appetitive cues, including high-calorie food cues, and has been shown to reduce

202



approach tendencies towards food, attention bias towards food, and craving for food
in BN and BED (Brockmeyer et al., 2017). It is possible that approach bias
modification training is not the optimal adjunct to tDCS treatment in BED, or that

ABMT produces greater change in BED symptoms than approach bias modification.

Second, Gordon et al. used a lower dose of tDCS than the TANDEM trial (6 sessions
over 3 weeks versus 10 sessions over 2 weeks). The higher number of sessions
delivered during TANDEM, coupled with the shorter time between sessions (week-
daily versus twice weekly) may have led to a more potent effect of treatment on BED
symptoms. Alternatively, the requirement that participants commit more time to
treatment may have led to the recruitment of individuals who were more motivated
or committed to change, and this positively impacted outcomes from treatment.
Indeed, motivation for change and engagement with treatment is a well-established

predictor of treatment outcome in the therapeutic setting (Hilbert et al., 2020).

Third, the environments within which participants completed treatment and
assessment were enormously different. In Gordon et al., treatment and assessment
sessions were delivered in the controlled laboratory environment, whereas in
TANDEM all activities were undertaken at home. The home environment is filled
with cues that a person may associate with their binge eating behaviour and it is an
environment where they typically feel comfortable and relaxed. It is possible that
these factors contributed to the promising effects of tDCS with ABMT on BED
symptoms. Indeed, the effects of tDCS outlast the stimulation period by up to 45
minutes, so the activities that the person undertakes immediately after treatment may
influence the outcome from treatment. However, modest findings by Gordon et al.
may also reflect their assessment of outcomes under controlled conditions, where
risk of bias is minimal. Indeed, it is noteworthy that Gordon et al. used a double-

blind study design.

Finally, differences in findings may relate to the different ways in which tDCS was
administered: self-administration versus administration by a technician.
Neuronavigation is not available for tDCS, so regardless of the mode of
administration, questions remain about whether the stimulation has reached the
cortical target. Self-administered tDCS uses a “one-size-fits-all” cap to place
electrodes on the scalp, so it is likely that there is a high level of variability in the
cortical targets affected by stimulation. In contrast, technician-led tDCS uses
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somewhat more robust techniques to identify the location of the scalp which
corresponds to the cortical target (e.g., the 10-20 method or EEG co-ordinates). Both
approaches are thwart with limitations, and studies have shown that without
neuronavigation cortical target identification is extremely unreliable (Dunlop et al,
2021). Nevertheless, it is possible that differences in findings may relate to

differences in the cortical structures effected by the stimulation.
7.3 General Strengths and limitations

The principal strength of the studies presented in this thesis relates to the novelty of
the research conducted. To the best of our knowledge, the randomised sham-
controlled trial described here was the first to use self-administered tDCS in adults
with EDs. Our investigation of at-home self-administered tDCS was timely. The
COVID-19 pandemic prompted an abrupt shift away from face-to-face interventions
and towards at-home treatment and, in doing so, highlighted the need to rapidly
expand our offering of remotely delivered care. In parallel, the arrival of hospital-
grade tDCS devices intended for self-administration by the patient is a further
prompt to take studies of tDCS beyond the lab and into the home. This need is
echoed by patients with EDs, who, despite feeling hopeful about the promise of a
new class of treatments and enthusiastic about the concept of “brain directed”
interventions, indicate that the greatest barrier to neuromodulation as a treatment is
the significant burden involved (i.e., the time required to attend lengthy and frequent
sessions at a hospital or lab)(Dalton et al., 2022; Gordon, Williamson, et al., 2021).
Thus, the development of brain-directed interventions which circumnavigate or

minimise these barriers to treatment is a priority for patients/participants.

The TANDEM trial was also the first trial to evaluate an intervention that integrated
tDCS with ABMT and, in doing so, it provided a logical addition to a growing
literature on tDCS with neurocognitive training in EDs and, more broadly,
psychiatry. Here, the feasibility design was a strength as it allowed us to canvas
interest in this approach by assessing recruitment, retention to follow-up, and
treatment adherence, and evaluate participant views about the treatment, without
overemphasising the need to evaluate treatment effectiveness. However, tDCS may
also pair well with other neurocognitive interventions (e.g., tDCS with inhibitory

control training or mindfulness-based treatment), and we expect a portfolio of
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feasibility studies to critically inform the design of a future large scale trial of tDCS

with adjunct neurocognitive training in BED.

The diverse sample included in the TANDEM trial is also a key strength. As all
components of this trial were delivered remotely, we were able to cast an extremely
wide net during recruitment. This likely contributed to the age, geographic and
demographic diversity of individuals in our sample, although male representation
was extremely low (n male = 2). Bolstering male representation in future trials will be
necessary to improve representativeness: it the estimated that prevalence of BED is
approximately equal for biological males and females (Galmiche et al., 2019).
Nevertheless, this diversity fortifies our findings of good feasibility and intervention
acceptability. However, adoption of the fully remote design also required that we
sacrifice control over factors that might introduce unwanted variability or bias during
outcome assessment. For example, during lab-based assessments, researchers can
control a myriad of factors that might influence participant responses (e.g., ambient
noise, interruptions, and lighting) and they can make use of instruments which
reduce reliance on self-report data (e.g., bioimpedance analysis may be used to assess
physical health metrics). In contrast, at-home assessments are vulnerable to
interruption and there are few alternatives to self-report data for physical health

metrics.

The fully remote research design was made necessary by the COVID-19 pandemic,
and it is important that the potential impacts this had on trial feasibility be
considered. It is now well documented that among people with a history of or living
with an ED, re-occurrence and deterioration of symptoms during COVID-19 was
common (Giel et al., 2021; Castellini et al., 2020; Clark Bryan et al., 2020; Schlegl,
Maier et al., 2020; Schlegl, Meule et al., 2020; Termorshuizen et al., 2020), and that
during this time access to treatment and support was limited, particularly for people
with BED (Weiissman et al, 2020; Zipfel et al., 2022). This may have positively
influenced willingness to take part in a trial of a new treatment for BED and
influenced views about the acceptability of completing treatment at home. Indeed,
people were mandated to stay home and many continued to work from home and/or
spend more time at home, even after public health guidance around social contact
was relaxed. During COVID-19, public knowledge of the role of science in clinical

innovation was at an all- time high: daily briefings about progress towards a vaccine
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may have inspired others to give their time to research so that they could aid
discovery and alleviate suffering. Similarly, profound isolation may have motivated
people to take part in trials like TANDEM: those who took part in TANDEM
benefited from social contact with the researcher delivering treatment almost every
day, and for some, this was the only contact they had with the outside world.
COVID-19 also left many with grave concerns about their financial security, with
many unable to work and/or receiving a smaller income than they needed to meet the
costs of daily life. Although the financial incentive to take part in TANDEM was
modest (£50), bolstering income during a period of immense financial strain may
have been a key contributor to some participants decision to take part. In light of the
probable impact of COVID-19 on recruitment and acceptability, it may be warranted
to replicate these feasibility findings under “life-as-usual” conditions, so that

informed decisions can be made about the feasibility of future large-scale trials.

Relatedly, the fully remote research design made necessary by COVID-19 influenced
outcome measure selection. In particular, our use of the visual probe task with
webcam based eye-tracking may be viewed as both a strength and a limitation to the
collection of studies presented in this thesis. On the one hand, it has been proposed
that eye-tracking methods offer more reliable assessment of AB and provide greater
insight into the components of biased attention (Waechter et al., 2014), however, as
demonstrated by the small number of studies that used eye-tracking to assess AB
towards emotional stimuli in our meta-analytic review (Chapter 2), many studies
continue to use on less reliable instruments when assessing AB (e.g., reaction time
indices). This may reflect barriers to using eye-tracking, such as limited access to
shared equipment, high costs for equipment acquisition and maintenance, lack of
portability, and labour intensive set-up procedures. As such, consideration for a

novel, scalable and affordable webcam-based eye-tracking solution was warranted.

On the other hand, relative to laboratory standard eye-tracking systems, webcam-
based technologies have limited capabilities, and for this reason, we were unable to
assess several components of biased attention in this thesis (e.g., initial fixation bias,
or difficulties disengaging with food stimuli during the early stages of attention
processing). Indeed, this limited our ability to characterise AB towards food in
obesity with and without BED (Chapter 3) and our insight into intervention effects
on food-related AB in the TANDEM trial (Chapter 6). Hence, while we expect that
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webcam-based eye-tracking will be a useful tool for assessing attention-related
processes, including AB, in the future, our findings indicate that this technology is

not yet robust enough for use in clinical trials.
7.4 Future directions

The findings reported in this thesis provide a valuable “first-look” at the potential
clinical efficacy of self-administered tDCS with ABMT and highlight gaps in the
literature that should be addressed.

There is a need to clarify the effect of neuromodulation on AB, and attention control
more broadly. Findings from our meta-analytic review of the effects of NIBS on AB
in the context of emotion highlight the need for greater consistency in the literature.
In particular, our understanding of the effect would be improved by studies which
use “best practice” paradigms to directly assess AB (e.g., eye-tracking) in
populations with baseline AB (e.g., clinical or sub-clinical samples) and using brief
multi-session study designs (e.g., 3 sessions). Additionally, more studies using the
same stimulation parameters would improve cross-study comparability and,

therefore, improve the quality of future meta-analyses.

The literature would also be improved by studies that clarify the extent to which
attention towards food in people with BED is distinct from that observed in people
with overweight and obesity. In particular, studies which manipulate appetitive
motivational factors in people with obesity with and without BED will help to
characterise AB in both populations. Similarly, studies using free-viewing paradigms
with lab-based eye-tracking will improve our knowledge of the temporal dynamics of
AB towards food and help to identify the processes most critically involved in

perpetuating maladaptive eating behaviours.

This trial aimed to assess the feasibility of a fully powered RCT of tDCS with
ABMT intervention efficacy in BED, and to provide preliminary data about clinical
efficacy which could inform sample size. Based on TANDEM findings, a
conservative estimate of the sample size needed to detect a difference between
groups would use the smallest effect size for OBE change score observed in the
TANDEM trial. This was observed when comparing tDCS with ABMT and ABMT
only (d =-0.21). Based on this approach, a future large scale RCT with 4 arms (real
tDCS with ABMT, sham tDCS with ABMT, ABMT only, and WL), a significance
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criterion of o = .05 and power = .80, the minimum sample size needed to detect a
difference between the real and sham groups with this effect size is N =676 (169
participants per group). Assuming drop-out rates were low, as in this feasibility trial
(3.6% drop out rate), a total of 703 participants would need to be recruited. If this
estimate were based on the effect size observed when comparing real tDCS with
ABMT with sham tDCS with ABMT, a smaller sample size could be used (N = 92).
Given the large sample size needed to use the same study design, future trials could
consider an RCT with two arms (real tDCS with ABMT and sham tDCS with
ABMT) or three arms (as previously plus WL). Using the TANDEM effect size for
OBE change score comparing real tDCS with ABMT with sham tDCS with ABMT,
a two arm trial with a significance criterion of a = .05 and power = .80, the minimum
sample size needed to detect a difference between the real and sham groups with this
effect size is N = 66 (33 participants per group). For a three arm RCT, a minimum of

81 participants would be needed (27 per group).

Future investigations of at-home self-administered tDCS with ABMT are also
encouraged, however, these should address the limitations identified during the
TANDEM trial. First, TANDEM was conducted during the COVID-19 pandemic,
and at this time, it was not feasible to blind the experimenter to real/sham allocation.
Future studies should implement a double-blind study design to reduce the risk of
experimenter bias. Second, future trials should use a hybrid design which allows
them to make use of the benefits of lab-based assessment, whilst also retaining the
remote treatment model. This approach would reduce reliance on self-report data and
allow for AB to be assessed using specialist eye-tracking equipment, as opposed to
webcam based eye-tracking software. Relatedly, given the similarities between
ABMT and the visual probe task, future studies should consider using alternative
instruments to assess change in AB over time. We recommend free-viewing
paradigms as these have been shown to have superior psychometric properties in
both clinical (e.g., Soleymani, et al., 2020) and non-clinical populations (e.g.,
Veerapa et al., 2020), and they allow for the assessment of AB at different stages of

attention processing.

Including functional neuroimaging during outcome assessment will also be vital to
informing cortical target selection for future studies applying neuromodulation, and

for clarifying the neural changes which underlie therapeutic effects associated with
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neuromodulation. For example, functional magnetic resonance imaging during the
attention network task with food cues may be used to assess whether treatment is
associated with changes in neural activation during the alerting, orienting and re-
orienting stages of attention processing (Mercado et al., 2023; Yokum et al., 2011).
Alternatively, functional neuroimaging during the Food Choice Task may provide
insight into how the intervention has influenced food-directed attention and goal-
directed decision making in the context of food (Dalton et al., 2020; Foerde et al.,
2018). Future studies would also benefit from the addition of outcomes related to
food consumption. For example, food-diaries could be integrated with daily
treatment sessions, or lab-based assessments could incorporate brief measures like
the bogus taste test (Robinson et al., 2017). Finally, longer follow-up periods (e.g., 1

year) would be of use.

Studies of the feasibility, acceptability, and therapeutic effects of tDCS with other
neurocognitive trainings or brain-directed interventions is also recommended. A
number of neurocognitive interventions have been developed to target maintenance
mechanisms implicated in BED, although findings relating to their clinical efficacy
have been mixed and questions remain about dose, personalisation, and
patient/participant selection. Inhibitory control training may produce reductions in
binge eating behaviour and has shown promise as a stand-alone treatment for binge-
type EDs (Turton et al., 2019; Chami et al., 2021). During inhibitory control training,
participants learn to suppress a pre-potent response to salient stimuli, such as food,
and, with repetition, the inhibition response is learned, repeated, and perhaps
translated to real-life (Jones et al., 2016). Like ABMT, inhibitory control training is a
good candidate for delivery alongside tDCS: it directly targets “top-down” cognitive
control processes involving the DLPFC, it is easy to administer, and can be tailored
to the individual (e.g., by personalising the stimuli used during the training).
Outcomes from a feasibility trial of lab-based tDCS with inhibitory control training
are expected (Giel, Schag, et al., 2022).

In light of promising findings from a recent study comparing outcomes from
mindfulness-based treatment and ABMT in adults with obesity with and without
BED, tDCS with adjunct mindfulness-based treatment may also be beneficial.
Indeed, recent studies in depression and substance use disorders have reported that

tDCS with adjunctive mindfulness-based treatment is feasible and acceptable, and
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preliminary findings in depression suggest the intervention may produce superior
outcomes relative to stand-alone tDCS treatment (Monnart et al., 2019). Given the
role of emotion regulation difficulties in the maintenance of BED (Leehr et al.,
2015), it is also possible that adjuncts to tDCS that target emotion regulation may
have therapeutic effects. Emotion regulation has been conceptualised as a cognitive
control function, wherein successful emotion regulation relies upon the orchestration
of “top down” control in the context of a strong “bottom up” response (Oschner et
al., 2013). Interventions targeting emotion regulation are commonly applied to the
treatment of BED (e.g., dialectical behaviour therapy; Hilbert et al., 2019), and it is
conceivable that brief programs which aim to increase utilisation of “adaptive”
emotion regulation techniques, including reappraisal and cognitive restructuring,
may have benefit and be suitable for delivery during neuromodulation. Indeed, a
recent trial in a transdiagnostic sample has demonstrated that outcomes from
cognitive restructuring may be enhanced by transcranial magnetic stimulation

(Neasciu et al., 2021).

There is also a need to deepen our understanding of who benefits most from which
approach, and the ways in which neuromodulation augments adjunct treatment.
Presently, we have a limited knowledge of how tDCS effects brain functioning or the
parameters of greatest importance to treatment response. This calls for studies
examining how therapeutic effects differ when key parameters are changed (e.g.,
dose, intensity, current flow, cortical target, and adjunct versus no adjunct), as well
as studies that pair stimulation with neuroimaging, so that we can gain insight into
the effects of stimulation on brain function in real time. Relatedly, there is a need to
establish optimal parameters for tDCS, or indeed establish guidelines for
personalising tDCS parameters to optimise treatment. Additionally, these studies
should aim to identify individual biological, cognitive and clinical markers of
intervention response so that optimal parameters may be selected on an individual

basis.

210



7.5 Overall conclusion

The research presented in this thesis evaluated the literature on NIBS and AB and
examined the potential for self-administered tDCS with ABMT as an intervention for
adults with BED. In chapter 2, our meta-analytic review concluded that evidence for
an effect of tDCS on AB is lacking, however, studies in clinical populations
generally reported a significant effect of NIBS on AB towards emotion. This
suggests that the therapeutic effects associated with NIBS targeting the DLPFC may
be driven by improvements in cognitive control of attention (i.e., reduced AB).
Chapter 3 reported that participants with obesity with and without BED showed an
AB towards high-calorie food cues, and that AB towards high-calorie food cues was
related to craving for food, although this correlation was substantially stronger in
BED. This finding is consistent with those reported in previous studies and
substantiates the selection of AB towards food as a mechanistic target for treatment
in BED. Chapters 4-6 presented a randomised sham-controlled trial of self-
administered tDCS with ABMT. Overall, findings relating to recruitment and
retention support protocol feasibility, and excellent acceptability ratings indicate that
the intervention was well-liked by participants. Preliminary findings relating to
clinical efficacy were also promising; tDCS with ABMT produced pronounced
improvement in BED symptoms and there was tentative evidence to suggest that real
tDCS with ABMT may produce superior outcomes from treatment, relative to sham
tDCS with ABMT and ABMT only. Moreover, treatment was associated with
significant reductions in AB towards high-calorie food which were maintained at
follow-up. Taken together, the work presented in this thesis indicate that tDCS with
ABMT is a promising novel approach to treatment and future trials of tDCS with

ABMT and related neurocognitive training programmes are encouraged.

211



References

Aboulafia-Brakha, T., Manuel, A. L., & Ptak, R. (2016). Prefrontal transcranial
direct current stimulation facilitates affective flexibility. Neuropsychologia,

86, 13-18. https://doi.org/10.1016/j.neuropsychologia.2016.03.030

Abraham, T. M., Massaro, J. M., Hoffmann, U., Yanovski, J. A., & Fox, C. S.
(2014). Metabolic characterization of adults with binge eating in the general
population: The Framingham Heart Study. Obesity, 22(11), 2441-2449.
https://doi.org/10.1002/0by.20867

Afzali, R., Ehteshamzade, P., Asgari, P., Naderi, F., & Eftekhar Soadi, Z. (2021).
Effect of Transcranial Direct Current Stimulation on Food Craving, Attention
Bias to Food, and Cognitive Flexibility in People with Binge Eating Disorder.
Avicenna Journal of Neuro Psycho Physiology, 8(3), 145-150.
https://doi.org/10.32592/ajnpp.2021.8.3.105

Agh, T., Kovacs, G., Pawaskar, M., Supina, D., Inotai, A., & Voko, Z. (2015).
Epidemiology, health-related quality of life and economic burden of binge
eating disorder: A systematic literature review. Eating & Weight Disorders,

20(1), 1-12. https://doi.org/10.1007/s40519-014-0173-9

Agras, W. S., & Telch, C. F. (1998). The effects of caloric deprivation and negative
affect on binge eating in obese binge-eating disordered women. Behavior

Therapy, 29(3), 491-503. https://doi.org/10.1016/S0005-7894(98)80045-2

Aguera, Z., Lozano-Madrid, M., Mallorqui-Bague, N., Jimenez-Murcia, S.,
Menchon, J. M., & Fernandez-Aranda, F. (2021). A review of binge eating
disorder and obesity. Neuropsychiatrie, 35(2), 57-67.
https://doi.org/10.1007/s40211-020-00346-w (Ubersicht zu Binge-eating und
Adipositas.)

Albery, 1. P., Wilcockson, T., Frings, D., Moss, A. C., Caselli, G., & Spada, M. M.
(2016). Examining the relationship between selective attentional bias for
food-and body-related stimuli and purging behaviour in bulimia nervosa.

Appetite, 107, 208-212. https://doi.org/10.1016/j.appet.2016.08.006

212


https://doi.org/10.1016/j.neuropsychologia.2016.03.030
https://doi.org/10.1002/oby.20867
https://doi.org/10.32592/ajnpp.2021.8.3.105
https://doi.org/10.1007/s40519-014-0173-9
https://doi.org/10.1016/S0005-7894(98)80045-2
https://doi.org/10.1007/s40211-020-00346-w
https://doi.org/10.1016/j.appet.2016.08.006

Aldao, A., & Tull, M. T. (2015). Putting emotion regulation in context. Current
Opinion in Psychology, 3, 100-107.
https://doi.org/10.1016/j.copsyc.2015.03.022

Ali, K., Farrer, L., Fassnacht, D. B., Gulliver, A., Bauer, S., & Griffiths, K. M.
(2017). Perceived barriers and facilitators towards help-seeking for eating

disorders: A systematic review. International Journal of Eating Disorders,

50(1), 9-21. https://doi.org/10.1002/eat.22598

Ali, K., Fassnacht, D. B., Farrer, L., Rieger, E., Feldhege, J., Moessner, M., Griffiths,
K. M., & Bauer, S. (2020). What prevents young adults from seeking help?
Barriers toward help-seeking for eating disorder symptomatology.
International Journal of Eating Disorders, 53(6), 894-906.
https://doi.org/10.1002/eat.23266

Allom, V., Mullan, B., & Hagger, M. (2016). Does inhibitory control training
improve health behaviour? A meta-analysis. Health Psychology review,

10(2), 168-186. https://doi.org/10.1080/17437199.2015.1051078

Almeida, L., Savoy, S., & Boxer, P. (2011). The role of weight stigmatization in
cumulative risk for binge eating. Journal of Clinical Psychology, 67(3), 278-
292. https://doi.org/10.1002/1¢lp.20749

American Psychiatric Association. (1980). Diagnostic and statistical manual of

mental disorders (11l ed.). American Psychiatric Association.

American Psychiatric Association. (1987). Diagnostic and statistical manual of

mental disorders (Ill-revised ed.). American Psychiatric Association.

American Psychiatric Association. (1994). Diagnostic and statistical manual of
mental disorders (IV ed.). American Psychiatric Association.

https://doi.org/10.1176/ajp.152.8.1228

American Psychiatric Association. (2013). Diagnostic and statistical manual of
mental disorders (5 ed.). American Psychiatric Association.

https://doi.org/10.1176/appi.books.9780890425596

Antony, M. M., Bieling, P. J., Cox, B. J., Enns, M. W., & Swinson, R. P. (1998).

Psychometric properties of the 42-item and 21-item versions of the

213


https://doi.org/10.1016/j.copsyc.2015.03.022
https://doi.org/10.1002/eat.22598
https://doi.org/10.1002/eat.23266
https://doi.org/10.1080/17437199.2015.1051078
https://doi.org/10.1002/jclp.20749
https://doi.org/10.1176/ajp.152.8.1228
https://doi.org/10.1176/appi.books.9780890425596

Depression Anxiety Stress Scales in clinical groups and a community sample.

Psychological Assessment, 10(2), 176. https://doi.org/1040-3590/984 VOO

Anwyl-Irvine, A. L., Massonnié¢, J., Flitton, A., Kirkham, N., & Evershed, J. K.
(2020). Gorilla in our midst: An online behavioral experiment builder.
Behavior Research Methods, 52(1), 388-407. https://doi.org/10.3758/s13428-
019-01237-x

Appelhans, B. M., French, S. A., Pagoto, S. L., & Sherwood, N. E. (2016). Managing
temptation in obesity treatment: A neurobehavioral model of intervention

strategies. Appetite, 96, 268-279. https://doi.org/10.1016/j.appet.2015.09.035

Armstrong, T., & Olatunji, B. O. (2012). Eye tracking of attention in the affective
disorders: A meta-analytic review and synthesis. Clinical Psychology Review,

32(8), 704-723. https://doi.org/10.1016/j.cpr.2012.09.004

Ataya, A. F., Adams, S., Mullings, E., Cooper, R. M., Attwood, A. S., & Munafo, M.
R. (2012). Internal reliability of measures of substance-related cognitive bias.
Drug and Alcohol Dependence, 121(1-2), 148-151.
https://doi.org/10.1016/j.drugalcdep.2011.08.023

Balantekin, K. N., Birch, L. L., & Savage, J. S. (2017). Eating in the absence of
hunger during childhood predicts self-reported binge eating in adolescence.

Eating Behaviors, 24, 7-10. https://doi.org/10.1016/j.eatbeh.2016.11.003

Balodis, I. M., Grilo, C. M., & Potenza, M. N. (2015). Neurobiological features of
binge eating disorder. CNS Spectrums, 20(6), 557-565.
https://doi.org/10.1017/S1092852915000814

Balodis, I. M., Molina, N. D., Kober, H., Worhunsky, P. D., White, M. A., Rajita, S.,
Grilo, C. M., & Potenza, M. N. (2013). Divergent neural substrates of
inhibitory control in binge eating disorder relative to other manifestations of

obesity. Obesity, 21(2), 367-377. https://doi.org/10.1002/0by.20068

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & Van
[jzendoorn, M. H. (2007). Threat-related attentional bias in anxious and
nonanxious individuals: a meta-analytic study. Psychological bulletin,

133(1), 1. https://doi.org/10.1037/0033-2909.133.1.1

214


https://doi.org/1040-3590/984
https://doi.org/10.3758/s13428-019-01237-x
https://doi.org/10.3758/s13428-019-01237-x
https://doi.org/10.1016/j.appet.2015.09.035
https://doi.org/10.1016/j.cpr.2012.09.004
https://doi.org/10.1016/j.drugalcdep.2011.08.023
https://doi.org/10.1016/j.eatbeh.2016.11.003
https://doi.org/10.1017/S1092852915000814
https://doi.org/10.1002/oby.20068
https://doi.org/10.1037/0033-2909.133.1.1

Bari, A., & Robbins, T. W. (2013). Inhibition and impulsivity: Behavioral and neural
basis of response control. Progress in Neurobiology, 108, 44-79.
https://doi.org/10.1016/].pneurobio.2013.06.005

Beard, C. (2011). Cognitive bias modification for anxiety: Current evidence and
future directions. Expert Review of Neurotherapeutics, 11(2), 299-311.
https://doi.org/10.1586/ern.10.194

Bebko, G. M., Franconeri, S. L., Ochsner, K. N., & Chiao, J. Y. (2011). Look before
you regulate: Differential perceptual strategies underlying expressive

suppression and cognitive reappraisal. Emotion, 11(4), 732.

https://doi.org/10.1037/a0024009

Becker, A. E., Franko, D. L., Speck, A., & Herzog, D. B. (2003). Ethnicity and
differential access to care for eating disorder symptoms
[https://doi.org/10.1002/eat.10129]. International Journal of Eating
Disorders, 33(2), 205-212. https://doi.org/10.1002/eat. 10129

Becker, C. B., Middlemass, K. M., Gomez, F., & Martinez-Abrego, A. (2019).
Eating disorder pathology among individuals living with food insecurity: A
replication study. Clinical Psychological Science, 7(5), 1144-1158.
https://doi.org/10.1177/2167702619851811

Berg, K. C., Cao, L., Crosby, R. D., Engel, S. G., Peterson, C. B., Crow, S. J., Le
Grange, D., Mitchell, J. E., Lavender, J. M., & Durkin, N. (2017). Negative
affect and binge eating: Reconciling differences between two analytic
approaches in ecological momentary assessment research. International
Journal of Eating Disorders, 50(10), 1222-1230.
https://doi.org/10.1002/eat.22770

Berg, K. C., Crosby, R. D., Cao, L., Crow, S. J., Engel, S. G., Wonderlich, S. A., &
Peterson, C. B. (2015). Negative affect prior to and following overeating-
only, loss of control eating-only, and binge eating episodes in obese adults.
International Journal of Eating Disorders, 48(6), 641-653.
https://doi.org/10.1002/eat.22401

Berlin, G. S., Mathew, A. S., Lotfi, S., Harvey, A. M., & Lee, H.-J. (2020).

Evaluating the effects of online tDCS with emotional n-back training on

215


https://doi.org/10.1016/j.pneurobio.2013.06.005
https://doi.org/10.1586/ern.10.194
https://doi.org/10.1037/a0024009
https://doi.org/10.1002/eat.10129
https://doi.org/10.1002/eat.10129
https://doi.org/10.1177/2167702619851811
https://doi.org/10.1002/eat.22770
https://doi.org/10.1002/eat.22401

working memory and associated cognitive abilities. NeuroRegulation, 7(3),

129-129. https://doi.org/10.15540/nr.7.3.129

Bermpohl, F., Fregni, F., Boggio, P. S., Thut, G., Northoff, G., Otachi, P. T. M.,
Rigonatti, S. P., Marcolin, M. A., & Pascual-Leone, A. (2005). Left
prefrontal repetitive transcranial magnetic stimulation impairs performance in
affective go/no-go task. NeuroReport, 16(6).
https://doi.org/10.1097/00001756-200504250-00020

Bermpohl, F., Fregni, F., Boggio, P. S., Thut, G., Northoff, G., Otachi, P. T. M.,
Rigonatti, S. P., Marcolin, M. A., & Pascual-Leone, A. (2006). Effect of low-
frequency transcranial magnetic stimulation on an affective go/no-go task in
patients with major depression: Role of stimulation site and depression
severity. Psychiatry Research, 141(1), 1-13.
https://doi.org/10.1016/].psychres.2005.07.018

Berridge, K. C. (2009). ‘Liking’and ‘wanting’food rewards: Brain substrates and
roles in eating disorders. Physiology & Behavior, 97(5), 537-550.
https://doi.org/10.1016/].physbeh.2009.02.044

Bjureberg, J., Ljotsson, B., Tull, M. T., Hedman, E., Sahlin, H., Lundh, L.-G.,
Bjarehed, J., DiLillo, D., Messman-Moore, T., & Gumpert, C. H. (2016).
Development and validation of a brief version of the difficulties in emotion
regulation scale: The DERS-16. Journal of Psychopathology & Behavioral
Assessment, 38(2), 284-296. https://doi.org/10.1007/s10862-015-9514-x

Bland, A. R., Roiser, J. P., Mehta, M. A., Schei, T., Boland, H., Campbell-
Meiklejohn, D. K., Emsley, R. A., Munafo, M. R., Penton-Voak, I. S., &
Seara-Cardoso, A. (2016). EMOTICOM: A neuropsychological test battery to
evaluate emotion, motivation, impulsivity, and social cognition. Frontiers in

Behavioral Neuroscience, 10, 25. https://doi.org/10.3389/fnbeh.2016.00025

Blume, M., Schmidt, R., & Hilbert, A. (2018). Executive Functioning in Obesity,
Food Addiction, and Binge-Eating Disorder. Nutrients, 11(1), 54.
https://doi.org/10.3390/nul1 1010054

Blume, M., Schmidt, R., & Hilbert, A. (2019). Abnormalities in the EEG power

spectrum in bulimia nervosa, binge-eating disorder, and obesity: A systematic

216


https://doi.org/10.15540/nr.7.3.129
https://doi.org/10.1097/00001756-200504250-00020
https://doi.org/10.1016/j.psychres.2005.07.018
https://doi.org/10.1016/j.physbeh.2009.02.044
https://doi.org/10.1007/s10862-015-9514-x
https://doi.org/10.3389/fnbeh.2016.00025
https://doi.org/10.3390/nu11010054

review. European Eating Disorders Review, 27(2), 124-136.
https://doi.org/10.1002/erv.2654

Blundell, J. E. (1986). Serotonin manipulations and the structure of feeding
behaviour. Appetite, 7 Suppl, 39-56. https://doi.org/10.1016/s0195-
6663(86)80051-4

Bodell, L. P., Pearson, C. M., Smith, K. E., Cao, L., Crosby, R. D., Peterson, C. B.,
Crow, S. J., & Berg, K. C. (2019). Longitudinal associations between
emotion regulation skills, negative affect, and eating disorder symptoms in a
clinical sample of individuals with binge eating. Eating Behaviors, 32, 69-73.

https://doi.org/10.1016/j.eatbeh.2018.12.005

Boggio, P. S., Bermpohl, F., Vergara, A. O., Muniz, A. L. C. R., Nahas, F. H., Leme,
P. B., Rigonatti, S. P., & Fregni, F. (2007). Go-no-go task performance
improvement after anodal transcranial DC stimulation of the left dorsolateral
prefrontal cortex in major depression. Journal of Affective Disorders, 101(1),

91-98. https://doi.org/10.1016/j.1ad.2006.10.026

Bohn, K., & Fairburn, C. G. (2008). Clinical Impairment Assessment Questionnaire
(CIA 3.0). In C. G. Fairburn (Ed.), Cognitive Behavioral Therapy for Eating
Disorders. Guildford Press.

Boswell, R. G., & Grilo, C. M. (2021). General impulsivity in binge-eating disorder.
CNS Spectrums, 26(5), 538-544. https://doi.org/10.1017/s1092852920001674

Boutelle, K. N., Eichen, D. M., & Peterson, C. B. (2020). New Avenues for the
Treatment of Binge Eating Based on Implicit Processes. In G. Frank & L.
Berner (Eds.), Binge Eating (pp. 287-299). Springer.
https://doi.org/10.1007/978-3-030-43562-2_20

Boutelle, K. N., Knatz, S., Carlson, J., Bergmann, K., & Peterson, C. B. (2017). An
open trial targeting food cue reactivity and satiety sensitivity in overweight
and obese binge eaters. Cognitive and Behavioral Practice, 24(3), 363-373.
https://doi.org/10.1016/].cbpra.2016.08.003

Boutelle, K. N., Monreal, T., Strong, D. R., & Amir, N. (2016). An open trial

evaluating an attention bias modification program for overweight adults who

217


https://doi.org/10.1002/erv.2654
https://doi.org/10.1016/s0195-6663(86)80051-4
https://doi.org/10.1016/s0195-6663(86)80051-4
https://doi.org/10.1016/j.eatbeh.2018.12.005
https://doi.org/10.1016/j.jad.2006.10.026
https://doi.org/10.1017/s1092852920001674
https://doi.org/10.1007/978-3-030-43562-2_20
https://doi.org/10.1016/j.cbpra.2016.08.003

binge eat. Journal of Behavior Therapy & Experimental Psychiatry, 52, 138-
146. https://doi.org/10.1016/j.jbtep.2016.04.005

Bovy, L., Mdbius, M., Dresler, M., Fernandez, G., Sanfey, A., Becker, E. S., &
Tendolkar, 1. (2019). Combining attentional bias modification with
dorsolateral prefrontal rTMS does not attenuate maladaptive attentional
processing. Scientific Reports, 9(1), 1168. https://doi.org/10.1038/s41598-
018-37308-w

Bradley, B. P., Mogg, K., Wright, T., & Field, M. (2003). Attentional bias in drug
dependence: vigilance for cigarette-related cues in smokers. Psychology of

Addictive Behaviors, 17(1), 66. https://doi.org/10.1037/0893-164X.17.1.66

Branson, R., Potoczna, N., Kral, J. G., Lentes, K.-U., Hoehe, M. R., & Horber, F. F.
(2003). Binge eating as a major phenotype of melanocortin 4 receptor gene
mutations. New England Journal of Medicine, 348(12), 1096-1103.
https://doi.org/10.1056/NEJM0a021971

Braunstein, L. M., Gross, J. J., & Ochsner, K. N. (2017). Explicit and implicit
emotion regulation: A multi-level framework. Social Cognitive and Affective

Neuroscience, 12(10), 1545-1557. https://doi.org/10.1093/scan/nsx096

Brockmeyer, T., Friederich, H. C., Kiippers, C., Chowdhury, S., Harms, L.,
Simmonds, J., Gordon, G., Potterton, R., & Schmidt, U. (2019). Approach
bias modification training in bulimia nervosa and binge-eating disorder: A
pilot randomized controlled trial. International Journal of Eating Disorders,

52(5), 520-529. https://doi.org/10.1002/eat.23024

Brooks, S., Prince, A., Stahl, D., Campbell, I. C., & Treasure, J. (2011). A systematic
review and meta-analysis of cognitive bias to food stimuli in people with
disordered eating behaviour. Clinical Psychology Review, 31(1), 37-51.
https://doi.org/10.1016/].cpr.2010.09.006

Bruening, M., MacLehose, R., Loth, K., Story, M., & Neumark-Sztainer, D. (2012).
Feeding a family in a recession: Food insecurity among Minnesota parents.
American Journal of Public Health, 102(3), 520-526.
https://doi.org/10.2105/AJPH.2011.300390

218


https://doi.org/10.1016/j.jbtep.2016.04.005
https://doi.org/10.1038/s41598-018-37308-w
https://doi.org/10.1038/s41598-018-37308-w
https://doi.org/10.1037/0893-164X.17.1.66
https://doi.org/10.1056/NEJMoa021971
https://doi.org/10.1093/scan/nsx096
https://doi.org/10.1002/eat.23024
https://doi.org/10.1016/j.cpr.2010.09.006
https://doi.org/10.2105/AJPH.2011.300390

Brunoni, A. R., Chaimani, A., Moffa, A. H., Razza, L. B., Gattaz, W. F., Daskalakis,
Z.]., & Carvalho, A. F. (2017). Repetitive transcranial magnetic stimulation
for the acute treatment of major depressive episodes: A systematic review
with network meta-analysis. JAMA psychiatry, 74(2), 143-152.
https://doi.org/10.1001/jamapsychiatry.2016.3644

Brunoni, A. R., Sampaio-Junior, B., Moffa, A. H., Aparicio, L. V., Gordon, P.,
Klein, I., Rios, R. M., Razza, L. B., Loo, C., Padberg, F., & Valiengo, L.
(2019). Noninvasive brain stimulation in psychiatric disorders: A primer.
Brazilian Journal of Psychiatry, 41(1), 70-81. https://doi.org/10.1590/1516-
4446-2017-0018

Brunoni, A. R., Zanao, T. A., Vanderhasselt, M.-A., Valiengo, L., de Oliveira, J. F.,
Boggio, P. S., Lotufo, P. A., Bensefior, I. M., & Fregni, F. (2014).
Enhancement of affective processing induced by bifrontal transcranial direct
current stimulation in patients with major depression Neuromodulation:
Technology at the Neural Interface, 17(2), 138-142.
https://doi.org/10.1111/ner.12080

Bulik, C. M., Butner, J. E., Tregarthen, J., Thornton, L. M., Flatt, R. E., Smith, T.,
Carroll, I. M., Baucom, B. R. W., & Deboeck, P. R. (2020). The Binge Eating
Genetics Initiative (BEGIN): Study protocol. BMC Psychiatry, 20(1), 307.
https://doi.org/10.1186/s12888-020-02698-7

Bulik, C. M., Sullivan, P. F., & Kendler, K. S. (2003). Genetic and environmental
contributions to obesity and binge eating [https://doi.org/10.1002/eat.10140].
International Journal of Eating Disorders, 33(3), 293-298.
https://doi.org/10.1002/eat. 10140

Bulik, C. M., Thornton, L. M., Parker, R., Kennedy, H., Baker, J. H., MacDermod,
C., Guintivano, J., Cleland, L., Miller, A. L., Harper, L., Larsen, J. T.,
Yilmaz, Z., Grove, J., Sullivan, P. F., Petersen, L. V., Jordan, J., Kennedy, M.
A., & Martin, N. G. (2021). The Eating Disorders Genetics Initiative (EDGI):
Study protocol. BMC Psychiatry, 21(1), 234. https://doi.org/10.1186/s12888-
021-03212-3

Burgess, E. E., Sylvester, M. D., Morse, K. E., Amthor, F. R., Mrug, S., Lokken, K.
L., Osborn, M. K., Soleymani, T., & Boggiano, M. M. (2016). Effects of

219


https://doi.org/10.1001/jamapsychiatry.2016.3644
https://doi.org/10.1590/1516-4446-2017-0018
https://doi.org/10.1590/1516-4446-2017-0018
https://doi.org/10.1111/ner.12080
https://doi.org/10.1186/s12888-020-02698-7
https://doi.org/10.1002/eat.10140
https://doi.org/10.1002/eat.10140
https://doi.org/10.1186/s12888-021-03212-3
https://doi.org/10.1186/s12888-021-03212-3

transcranial direct current stimulation (tDCS) on binge eating disorder.
International Journal of Eating Disorders, 49(10), 930-936.
https://doi.org/10.1002/eat.22554

Calitri, R., Pothos, E. M., Tapper, K., Brunstrom, J. M., & Rogers, P. J. (2010).
Cognitive biases to healthy and unhealthy food words predict change in BMI.
Obesity, 18(12), 2282-2287. https://doi.org/10.1038/0by.2010.78

Canli, T., Desmond, J. E., Zhao, Z., Glover, G., & Gabrieli, J. D. E. (1998).
Hemispheric asymmetry for emotional stimuli detected with fMRI.

NeuroReport, 9(14). https://doi.org/10.1097/00001756-199810050-00019

Cao, D., Li, Y., Niznikiewicz, M. A., Tang, Y., & Wang, J. (2018). The theta burst
transcranial magnetic stimulation over the right PFC affects
electroencephalogram oscillation during emotional processing. Progress in

Neuro-Psychopharmacology and Biological Psychiatry, 82, 21-30.
https://doi.org/10.1016/].pnpbp.2017.12.005

Cardi, V., Leppanen, J., & Treasure, J. (2015). The effects of negative and positive
mood induction on eating behaviour: A meta-analysis of laboratory studies in
the healthy population and eating and weight disorders. Neuroscience &
Biobehavioral Reviews, 57, 299-309.
https://doi.org/10.1016/j.neubiorev.2015.08.011

Carey, M., Kupeli, N., Knight, R., Troop, N. A., Jenkinson, P. M., & Preston, C.
(2019). Eating Disorder Examination Questionnaire (EDE-Q): Norms and
psychometric properties in UK females and males. Psychological Assessment,

31(7), 839. https://doi.org/10.1037/pas0000703

Carter, W. P., Hudson, J. L., Lalonde, J. K., Pindyck, L., McElroy, S. L., & Pope, H.
G., Jr. (2003). Pharmacologic treatment of binge eating disorder.
International Journal of Eating Disorders, 34(S1), S74-88.
https://doi.org/10.1002/eat. 10207

Caslini, M., Bartoli, F., Crocamo, C., Dakanalis, A., Clerici, M., & Carra, G. (2016).
Disentangling the association between child abuse and eating disorders: a
systematic review and meta-analysis. Psychosomatic Medicine, 78(1).

https://doi.org/10.1097/PSY.0000000000000233

220


https://doi.org/10.1002/eat.22554
https://doi.org/10.1038/oby.2010.78
https://doi.org/10.1097/00001756-199810050-00019
https://doi.org/10.1016/j.pnpbp.2017.12.005
https://doi.org/10.1016/j.neubiorev.2015.08.011
https://doi.org/10.1037/pas0000703
https://doi.org/10.1002/eat.10207
https://doi.org/10.1097/PSY.0000000000000233

Castellanos, E. H., Charboneau, E., Dietrich, M. S., Park, S., Bradley, B. P., Mogg,
K., & Cowan, R. L. (2009). Obese adults have visual attention bias for food

cue images: Evidence for altered reward system function. International

Journal of Obesity, 33(9), 1063-1073. https://doi.org/10.1038/ij0.2009.138

Caulfield, K. A., & George, M. S. (2020). Treating the mental health effects of
COVID-19: The need for at-home neurotherapeutics is now. Brain

Stimulation, 13(4), 939-940. https://doi.org/10.1016/1.brs.2020.04.005

Ceccarini, M. R., Tasegian, A., Franzago, M., Patria, F. F., Albi, E., Codini, M.,
Conte, C., Bertelli, M., Dalla Ragione, L., Stuppia, L., & Beccari, T. (2020).
5-HT2AR and BDNF gene variants in eating disorders susceptibility.

American Journal of Medical Genetics Part B: Neuropsychiatric Genetics,

183(3), 155-163. https://doi.org/10.1002/ajmg.b.32771

Cella, S., Cipriano, A., Aprea, C., & Cotrufo, P. (2021). Self-Esteem and binge
eating among adolescent boys and girls: The role of body disinvestment.
International Journal of Environmental Research & Public Health, 18(14),
7496. https://doi.org/10.3390/ijerph18147496

Cella, S., Cipriano, A., Aprea, C., & Cotrufo, P. (2022). Risk factors for binge eating
severity among adolescent girls and boys. A structural equation modeling

approach. Appetite, 169, 105825. https://doi.org/10.1016/j.appet.2021.105825

Cellini, E., Castellini, G., Ricca, V., Bagnoli, S., Tedde, A., Rotella, C. M., Faravelli,
C., Sorbi, S., & Nacmias, B. (2010). Glucocorticoid receptor gene
polymorphisms in Italian patients with eating disorders and obesity.
Psychiatric Genetics, 20(6), 282-288.
https://doi.org/10.1097/YPG.0b013e32833a2142

Cepeda-Benito, A., Gleaves, D. H., Williams, T. L., & Erath, S. A. (2000). The
development and validation of the state and trait food-cravings
questionnaires. Behaviour Research & Therapy, 38(11), 1125-1138.
https://doi.org/10.1016/S0005-7894(00)80009-X

Chan, A.-W., Tetzlaff, J. M., Gotzsche, P. C., Altman, D. G., Mann, H., Berlin, J. A.,
Dickersin, K., Hrobjartsson, A., Schulz, K. F., & Parulekar, W. R. (2013).

221


https://doi.org/10.1038/ijo.2009.138
https://doi.org/10.1016/j.brs.2020.04.005
https://doi.org/10.1002/ajmg.b.32771
https://doi.org/10.3390/ijerph18147496
https://doi.org/10.1016/j.appet.2021.105825
https://doi.org/10.1097/YPG.0b013e32833a2142
https://doi.org/10.1016/S0005-7894(00)80009-X

SPIRIT 2013 explanation and elaboration: Guidance for protocols of clinical

trials. BMJ, 346. https://doi.org/10.1136/bmj.c7586

Chao, A., Grey, M., Whittemore, R., Reuning-Scherer, J., Grilo, C. M., & Sinha, R.
(2016). Examining the mediating roles of binge eating and emotional eating
in the relationships between stress and metabolic abnormalities. Journal of
Behavioral Medicine, 39(2), 320-332. https://doi.org/10.1007/s10865-015-
9699-1

Chen, F., He, Q., Han, Y., Zhang, Y., & Gao, X. (2018). Increased BOLD signals in
DLPFC is associated with stronger self-control in food-related decision-
making [Original Research]. Frontiers in Psychiatry, 9.
https://doi.org/10.3389/fpsyt.2018.00689

Chen, N. T. M., Basanovic, J., Notebaert, L., MacLeod, C., & Clarke, P. J. F. (2017).
Attentional bias mediates the effect of neurostimulation on emotional

vulnerability. Journal of Psychiatric Research, 93, 12-19.
https://doi.org/10.1016/].jpsychires.2017.05.008

Cheng, Z. H., Perko, V. L., Fuller-Marashi, L., Gau, J. M., & Stice, E. (2019). Ethnic
differences in eating disorder prevalence, risk factors, and predictive effects
of risk factors among young women. Eating Behaviors, 32, 23-30.

https://doi.org/10.1016/j.eatbeh.2018.11.004

Chua, J. L., Touyz, S., & Hill, A. J. (2004). Negative mood-induced overeating in
obese binge eaters: An experimental study. International Journal of Obesity
& Related Metabolic Disorders, 28(4), 606-610.
https://doi.org/10.1038/s].1j0.0802595

Clarke, P. J. F., Browning, M., Hammond, G., Notebaert, L., & MacLeod, C. (2014).
The causal role of the dorsolateral prefrontal cortex in the modification of
attentional bias: Evidence from transcranial direct current stimulation.
Biological Psychiatry, 76(12), 946-952.
https://doi.org/10.1016/j.biopsych.2014.03.003

Clarke, P. J. F., van Bockstaele, B., Marinovic, W., Howell, J. A., Boyes, M. E., &
Notebaert, L. (2020). The effects of left DLPFC tDCS on emotion regulation,

biased attention, and emotional reactivity to negative content. Cognitive,

222


https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1007/s10865-015-9699-1
https://doi.org/10.1007/s10865-015-9699-1
https://doi.org/10.3389/fpsyt.2018.00689
https://doi.org/10.1016/j.jpsychires.2017.05.008
https://doi.org/10.1016/j.eatbeh.2018.11.004
https://doi.org/10.1038/sj.ijo.0802595
https://doi.org/10.1016/j.biopsych.2014.03.003

Affective, & Behavioral Neuroscience, 20(6), 1323-1335.
https://doi.org/10.3758/s13415-020-00840-2

Coffino, J. A., Udo, T., & Grilo, C. M. (2019a). Rates of help-seeking in US adults
with lifetime DSM-5 eating disorders: Prevalence across diagnoses and
differences by sex and ethnicity/race. Mayo Clinic Proceedings, 94(8), 1415-
1426. https://doi.org/10.1016/j.mayocp.2019.02.030

Coffino, J. A., Udo, T., & Grilo, C. M. (2019b). The significance of overvaluation of
shape or weight in binge-eating disorder: Results from a national sample of

US Adults. Obesity, 27(8), 1367-1371. https://doi.org/10.1002/0by.22539

Colton, P. A., Olmsted, M. P., Daneman, D., Farquhar, J. C., Wong, H., Muskat, S.,
& Rodin, G. M. (2015). Eating disorders in girls and women with type 1
diabetes: A longitudinal study of prevalence, onset, remission, and
recurrence. Diabetes Care, 38(7), 1212-1217. https://doi.org/10.2337/dc14-
2646

Conceigdo, E. M., Utzinger, L. M., & Pisetsky, E. M. (2015). Eating disorders and
problematic eating behaviours before and after bariatric surgery:
Characterization, assessment and association with treatment outcomes.
European Eating Disorders Review, 23(6), 417-425.
https://doi.org/10.1002/erv.2397

Copeland, W. E., Bulik, C. M., Zucker, N., Wolke, D., Lereya, S. T., & Costello, E.
J. (2015). Does childhood bullying predict eating disorder symptoms? A
prospective, longitudinal analysis [https://doi.org/10.1002/eat.22459].
International Journal of Eating Disorders, 48(8), 1141-1149.
https://doi.org/10.1002/eat.22459

Cordova, M. E., Schiavon, C. C., Busnello, F. M., & Reppold, C. T. (2017).
Nutritional and neuropsychological profile of the executive functions on

binge eating disorder in obese adults. Nutricion

Hospitalaria, 34(5), 1448-1454. https://doi.org/10.20960/nh.1151 (Perfil nutricional

y neuropsicologico de las funciones ejecutivas en el transtorno por atracon en

adultos obesos.)

223


https://doi.org/10.3758/s13415-020-00840-2
https://doi.org/10.1016/j.mayocp.2019.02.030
https://doi.org/10.1002/oby.22539
https://doi.org/10.2337/dc14-2646
https://doi.org/10.2337/dc14-2646
https://doi.org/10.1002/erv.2397
https://doi.org/10.1002/eat.22459
https://doi.org/10.1002/eat.22459
https://doi.org/10.20960/nh.1151

Cota, D., Marsicano, G., Lutz, B., Vicennati, V., Stalla, G. K., Pasquali, R., &
Pagotto, U. (2003). Endogenous cannabinoid system as a modulator of food
intake. International Journal of Obesity, 27(3), 289-301.
https://doi.org/10.1038/s].1j0.0802250

Coutinho, W., Moreira, R. O., Spagnol, c., & Appolinario, J. C. (2007). Does binge
eating disorder alter cortisol secretion in obese women? Eating Behaviors,

8(1), 59-64. https://doi.org/10.1016/j.eatbeh.2006.01.002

Cremonini, F., Camilleri, M., Clark, M. M., Beebe, T. J., Locke, G. R., Zinsmeister,
A. R., Herrick, L. M., & Talley, N. J. (2009). Associations among binge
eating behavior patterns and gastrointestinal symptoms: A population-based
study. International Journal of Obesity, 33(3), 342-353.
https://doi.org/10.1038/ij0.2008.272

Culbert, K. M., Racine, S. E., & Klump, K. L. (2016). Hormonal Factors and
Disturbances in Eating Disorders. Current Psychiatry Reports, 18(7), 65.
https://doi.org/10.1007/s11920-016-0701-6

Cury, M. E. G., Berberian, A., Scarpato, B. S., Kerr-Gaffney, J., Santos, F. H., &
Claudino, A. M. (2020). Scrutinizing domains of executive function in binge

eating disorder: A systematic review and meta-analysis. Frontiers in

Psychiatry, 11, 288. https://doi.org/10.3389/fpsyt.2020.00288

Dalton, B., Austin, A., Ching, B. C. F., Potterton, R., McClelland, J., Bartholdy, S.,
Kekic, M., Campbell, I. C., & Schmidt, U. (2022). ‘My dad was like “it's
your brain, what are you doing?””’: Participant experiences of repetitive
transcranial magnetic stimulation treatment in severe enduring anorexia
nervosa. European Eating Disorders Review, 30(3), 237-249.
https://doi.org/10.1002/erv.2890

Dalton, B., Bartholdy, S., Campbell, I. C., & Schmidt, U. (2018). Neurostimulation
in clinical and sub-clinical eating disorders: A systematic update of the
literature. Current Neuropharmacology, 16(8), 1174-1192.
https://doi.org/10.2174/1570159X16666180108111532

224


https://doi.org/10.1038/sj.ijo.0802250
https://doi.org/10.1016/j.eatbeh.2006.01.002
https://doi.org/10.1038/ijo.2008.272
https://doi.org/10.1007/s11920-016-0701-6
https://doi.org/10.3389/fpsyt.2020.00288
https://doi.org/10.1002/erv.2890
https://doi.org/10.2174/1570159X16666180108111532

Dalton, B., Campbell, I. C., & Schmidt, U. (2017). Neuromodulation and
neurofeedback treatments in eating disorders and obesity. Current Opinion in

Psychiatry, 30(6), 458-473. https://doi.org/10.1097/YCO.0000000000000361

Dalton, B., Foerde, K., Bartholdy, S., McClelland, J., Kekic, M., Grycuk, L.,
Campbell, I. C., Schmidt, U., & Steinglass, J. E. (2020). The effect of
repetitive transcranial magnetic stimulation on food choice-related self-
control in patients with severe, enduring anorexia nervosa. International
Journal of Eating Disorders, 53(8), 1326-1336.
https://doi.org/10.1002/eat.23267

Davis, C., Levitan, R. D., Kaplan, A. S., Carter, J., Reid, C., Curtis, C., Patte, K.,
Hwang, R., & Kennedy, J. L. (2008). Reward sensitivity and the D2
dopamine receptor gene: A case-control study of binge eating disorder.

Progress in Neuropsychopharmacology & Biological Psychiatry, 32(3), 620-
628. https://doi.org/10.1016/].pnpbp.2007.09.024

Davis, C., Levitan, R. D., Yilmaz, Z., Kaplan, A. S., Carter, J. C., & Kennedy, J. L.
(2012). Binge eating disorder and the dopamine D2 receptor: Genotypes and

sub-phenotypes. Progress in Neuropsychopharmacology & Biological
Psychiatry, 38(2), 328-335. https://doi.org/10.1016/1.pnpbp.2012.05.002

Davis, C. A., Levitan, R. D., Reid, C., Carter, J. C., Kaplan, A. S., Patte, K. A., King,
N., Curtis, C., & Kennedy, J. L. (2009). Dopamine for "wanting" and opioids
for "liking": A comparison of obese adults with and without binge eating
[https://doi.org/10.1038/0by.2009.52]. Obesity, 17(6), 1220-1225.
https://doi.org/10.1038/0by.2009.52

Davis, H. A., Graham, A. K., & Wildes, J. E. (2020). Overview of Binge Eating
Disorder. Current Cardiovascular Risk Reports, 14(12), 26.
https://doi.org/10.1007/s12170-020-00664-2

Davis, H. A., & Smith, G. T. (2018). An integrative model of risk for high school
disordered eating. Journal of Abnormal Psychology, 127(6), 559-570.
https://doi.org/10.1037/abn0000365

De Raedt, R., & Koster, E. H. W. (2010). Understanding vulnerability for depression

from a cognitive neuroscience perspective: A reappraisal of attentional

225


https://doi.org/10.1097/YCO.0000000000000361
https://doi.org/10.1002/eat.23267
https://doi.org/10.1016/j.pnpbp.2007.09.024
https://doi.org/10.1016/j.pnpbp.2012.05.002
https://doi.org/10.1038/oby.2009.52
https://doi.org/10.1038/oby.2009.52
https://doi.org/10.1007/s12170-020-00664-2
https://doi.org/10.1037/abn0000365

factors and a new conceptual framework. Cognitive, Affective, & Behavioral

Neuroscience, 10(1), 50-70. https://doi.org/10.3758/CABN.10.1.50

De Raedt, R., Leyman, L., Backen, C., Van Schuerbeek, P., Luypaert, R.,
Vanderhasselt, M.-A., & Dannlowski, U. (2010). Neurocognitive effects of
HF-rTMS over the dorsolateral prefrontal cortex on the attentional processing
of emotional information in healthy women: An event-related fMRI study.
Biological Psychology, 85(3), 487-495.
https://doi.org/10.1016/j.biopsycho.2010.09.015

De Ruiter, C., & Brosschot, J. F. (1994). The emotional Stroop interference effect in

anxiety: Attentional bias or cognitive avoidance? Behaviour research and

therapy, 32(3), 315-319. https://doi.org/10.1016/0005-7967(94)90128-7

De Young, K. P., Lavender, J. M., Wonderlich, S. A., Crosby, R. D., Engel, S. G.,
Mitchell, J. E., Crow, S., Peterson, C. B., & Le Grange, D. (2013).
Moderators of post-binge eating negative emotion in eating disorders.
Journal of Psychiatric Research, 47(3), 323-328.
https://doi.org/10.1016/].jpsychires.2012.11.012

Deluchi, M., Costa, F. S., Friedman, R., Goncalves, R., & Bizarro, L. (2017).
Attentional bias to unhealthy food in individuals with severe obesity and
binge eating. Appetite, 108, 471-476.
https://doi.org/10.1016/j.appet.2016.11.012

den Uyl, T. E., Gladwin, T. E., Lindenmeyer, J., & Wiers, R. W. (2018). A clinical
trial with combined transcranial direct current stimulation and attentional bias
modification in alcohol-dependent patients [Substance Abuse & Addiction
3233]. Alcoholism: Clinical & Experimental Research, 42(10), 1961-1969.
https://doi.org/10.1111/acer.13841

den Uyl, T. E., Gladwin, T. E., Rinck, M., Lindenmeyer, J., & Wiers, R. W. (2017).
A clinical trial with combined transcranial direct current stimulation and
alcohol approach bias retraining [https://doi.org/10.1111/adb.12463].
Addiction Biology, 22(6), 1632-1640. https://doi.org/10.1111/adb.12463

Deppermann, S., Notzon, S., Kroczek, A., Rosenbaum, D., Haeussinger, F. B.,

Diemer, J., Domschke, K., Fallgatter, A. J., Ehlis, A. C., & Zwanzger, P.

226


https://doi.org/10.3758/CABN.10.1.50
https://doi.org/10.1016/j.biopsycho.2010.09.015
https://doi.org/10.1016/0005-7967(94)90128-7
https://doi.org/10.1016/j.jpsychires.2012.11.012
https://doi.org/10.1016/j.appet.2016.11.012
https://doi.org/10.1111/acer.13841
https://doi.org/10.1111/adb.12463
https://doi.org/10.1111/adb.12463

(2016). Functional co-activation within the prefrontal cortex supports the
maintenance of behavioural performance in fear-relevant situations before an
1TBS modulated virtual reality challenge in participants with spider phobia.
Behavioural Brain Research, 307, 208-217.
https://doi.org/10.1016/j.bbr.2016.03.028

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135-
168. https://doi.org/10.1146/annurev-psych-113011-143750

Dickson, H., Kavanagh, D. J., & MacLeod, C. (2016). The pulling power of
chocolate: Effects of approach-avoidance training on approach bias and

consumption. Appetite, 99, 46-51. https://doi.org/10.1016/j.appet.2015.12.026

Dingemans, A. E., Danner, U., & Parks, M. (2017). Emotion regulation in binge
eating disorder: A review. Nutrients, 9(11), 1274.
https://doi.org/10.3390/nu9111274

Dingemans, A. E., Martijn, C., Jansen, A. T., & van Furth, E. F. (2009). The effect of
suppressing negative emotions on eating behavior in binge eating disorder.

Appetite, 52(1), 51-57. https://doi.org/10.1016/j.appet.2008.08.004

Dingemans, A. E., & van Furth, E. F. (2012). Binge Eating Disorder
psychopathology in normal weight and obese individuals. International
Journal of Eating Disorders, 45(1), 135-138.
https://doi.org/10.1002/eat.20905

Eagle, D. M., Bari, A., & Robbins, T. W. (2008). The neuropsychopharmacology of
action inhibition: Cross-species translation of the stop-signal and go/no-go
tasks. Psychopharmacology, 199(3), 439-456.
https://doi.org/10.1007/s00213-008-1127-6

Egger, M., Smith, D., Schneider, M., & Minder, C. (1997). Bias in meta-analysis
detected by a simple, graphical test. BMJ, 315(7109), 629-634.
https://doi.org/10.1136/bmj.315.7109.629

Eldridge, S. M., Lancaster, G. A., Campbell, M. J., Thabane, L., Hopewell, S.,
Coleman, C. L., & Bond, C. M. (2016). Defining feasibility and pilot studies

in preparation for randomised controlled trials: Development of a conceptual

227


https://doi.org/10.1016/j.bbr.2016.03.028
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/j.appet.2015.12.026
https://doi.org/10.3390/nu9111274
https://doi.org/10.1016/j.appet.2008.08.004
https://doi.org/10.1002/eat.20905
https://doi.org/10.1007/s00213-008-1127-6
https://doi.org/10.1136/bmj.315.7109.629

framework. PloS One, 11(3), €0150205.
https://doi.org/10.1371/journal.pone.0150205

Fairburn, C. G., & Beglin, S. J. (2008). Eating disorder examination questionnaire. In

Cognitive Behavior Therapy & Eating Disorders. Guilford Press.

Fairburn, C. G., Doll, H. A., Welch, S. L., Hay, P. J., Davies, B. A., & O'Connor, M.
E. (1998). Risk factors for binge eating disorder: A community-based, case-
control study. Archives of General Psychiatry, 55(5), 425-432.
https://doi.org/10.1001/archpsyc.55.5.425

Fairburn, C. G., Welch, S. L., & Hay, P. J. (1993). The classification of recurrent
overeating: The “binge eating disorder” proposal
[https://doi.org/10.1002/1098-108X(199303)13:2<155::AID-
EAT2260130203>3.0.CO;2-T]. International Journal of Eating Disorders,
13(2), 155-159. https://doi.org/10.1002/1098-108x(199303)13:2<155::Aid-
€at2260130203>3.0.Co;2-t

Fernandez-Aranda, F., Granero, R., Mestre-Bach, G., Steward, T., Muller, A., Brand,
M., Mena-Moreno, T., Vintro-Alcaraz, C., Pino-Gutierrez, A. D., Moragas,
L., Mallorqui-Bague, N., Aymami, N., Gomez-Pena, M., Lozano-Madrid, M.,
Menchon, J. M., & Jimenez-Murcia, S. (2019). Spanish validation of the
pathological buying screener in patients with eating disorder and gambling
disorder. Journal of Behavioural Addiction, 8(1), 123-134.
https://doi.org/10.1556/2006.8.2019.08

Field, M., & Cox, W. M. (2008). Attentional bias in addictive behaviors: a review of
its development, causes, and consequences. Drug and Alcohol dependence,

97(1-2), 1-20. https://doi.org/10.1016/j.drugalcdep.2008.03.030

Flynn, M., Campbell, 1., & Schmidt, U. (2022). Does concurrent self-administered
transcranial direct current stimulation and attention bias modification training
improve symptoms of binge eating disorder? Protocol for the TANDEM
feasibility randomized controlled trial [Study Protocol]. Frontiers in

Psychiatry, 13. https://doi.org/10.3389/fpsyt.2022.949246

Fodor, L. A., Cosmoiu, A., & Podina, I. R. (2017). Cognitive bias modification

interventions for attention to and approach of appetitive food stimuli: A meta-

228


https://doi.org/10.1371/journal.pone.0150205
https://doi.org/10.1001/archpsyc.55.5.425
https://doi.org/10.1002/1098-108X(199303)13:2
https://doi.org/10.1002/1098-108x(199303)13:2
https://doi.org/10.1556/2006.8.2019.08
https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.3389/fpsyt.2022.949246

analysis. Journal of Evidence-Based Psychotherapies, 17, 85.
https://doi.org/10.24193/jebp.2017.2.5

Foerde, K., Gianini, L., Wang, Y., Wu, P., Shohamy, D., Walsh, B. T., & Steinglass,
J. E. (2018). Assessment of test-retest reliability of a food choice task among
healthy individuals. Appetite, 123, 352-356.
https://doi.org/10.1016/j.appet.2018.01.010

Galmiche, M., Déchelotte, P., Lambert, G., & Tavolacci, M. P. (2019). Prevalence of
eating disorders over the 2000—2018 period: A systematic literature review.
The American Journal of Clinical Nutrition, 109(5), 1402-1413.
https://doi.org/10.1093/ajen/nqy342

Geliebter, A., Gluck, M. E., & Hashim, S. A. (2005). Plasma ghrelin concentrations
are lower in binge-eating disorder. Journal of Nutrition, 135(5), 1326-1330.
https://doi.org/10.1093/jn/135.5.1326

Geliebter, A., Ochner, C. N., & Aviram-Friedman, R. (2008). Appetite-Related Gut
Peptides in Obesity and Binge Eating Disorder. American Journal of Lifestyle
Medicine, 2(4), 305-314. https://doi.org/10.1177/1559827608317358

Geliebter, A., Yahav, E. K., Gluck, M. E., & Hashim, S. A. (2004). Gastric capacity,
test meal intake, and appetitive hormones in binge eating disorder.
Physiology & Behavior, 81(5), 735-740.
https://doi.org/10.1016/].physbeh.2004.04.014

Gianini, L. M., White, M. A., & Masheb, R. M. (2013). Eating pathology, emotion
regulation, and emotional overeating in obese adults with Binge Eating
Disorder. Eating Behaviors, 14(3), 309-313.
https://doi.org/10.1016/j.eatbeh.2013.05.008

Giel, K. E., Bulik, C. M., Fernandez-Aranda, F., Hay, P., Keski-Rahkonen, A.,
Schag, K., Schmidt, U., & Zipfel, S. (2022). Binge eating disorder. Nature
Reviews and Disease Primers, 8(1), 16. https://doi.org/10.1038/s41572-022-

00344-y

Giel, K. E., Rieber, N., Enck, P., Friederich, H. C., Meile, T., Zipfel, S., & Teufel,
M. (2014). Effects of laparoscopic sleeve gastrectomy on attentional

processing of food-related information: Evidence from eye-tracking. Surgery

229


https://doi.org/10.24193/jebp.2017.2.5
https://doi.org/10.1016/j.appet.2018.01.010
https://doi.org/10.1093/ajcn/nqy342
https://doi.org/10.1093/jn/135.5.1326
https://doi.org/10.1177/1559827608317358
https://doi.org/10.1016/j.physbeh.2004.04.014
https://doi.org/10.1016/j.eatbeh.2013.05.008
https://doi.org/10.1038/s41572-022-00344-y
https://doi.org/10.1038/s41572-022-00344-y

for Obesity & Related Disorders, 10(2), 277-282.
https://doi.org/10.1016/j.s0ard.2013.09.012

Giel, K. E., Schag, K., Martus, P., Max, S. M., & Plewnia, C. (2022). Ameliorating
cognitive control in patients with binge eating disorder by electrical brain
stimulation: Study protocol of the randomized controlled ACCElect pilot
trial. Journal of Eating Disorders, 10(1), 26. https://doi.org/10.1186/s40337-
022-00544-7

Giel, K. E., Speer, E., Schag, K., Leehr, E. J., & Zipfel, S. (2017). Effects of a food-
specific inhibition training in individuals with binge eating disorder-findings
from a randomized controlled proof-of-concept study. Eating & Weight
Disorders, 22(2), 345-351. https://doi.org/10.1007/s40519-017-0371-3

Glazer, K. B., Sonneville, K. R., Micali, N., Swanson, S. A., Crosby, R., Horton, N.
J., Eddy, K. T., & Field, A. E. (2019). The course of eating disorders
involving bingeing and purging among adolescent girls: Prevalence, stability,
and transitions. Journal of Adolescent Health, 64(2), 165-171.
https://doi.org/10.1016/j.jadohealth.2018.09.023

Gluck, M. E. (2006). Stress response and binge eating disorder. Appetite, 46(1), 26-
30. https://doi.org/10.1016/j.appet.2005.05.004

Gluck, M. E., Geliebter, A., Hung, J., & Yahav, E. (2004). Cortisol, hunger, and
desire to binge eat following a cold stress test in obese women with binge
eating disorder. Psychosomatic Medicine, 66(6), 876-881.
https://doi.org/10.1097/01.psy.0000143637.63508.47

Goldschmidt, A. B., Engel, S. G., Wonderlich, S. A., Crosby, R. D., Peterson, C. B.,
Le Grange, D., Tanofsky-Kraff, M., Cao, L., & Mitchell, J. E. (2012).
Momentary affect surrounding loss of control and overeating in obese adults
with and without binge eating disorder. Obesity, 20(6), 1206-1211.
https://doi.org/10.1038/0by.2011.286

Goldschmidt, A. B., Wall, M. M., Zhang, J., Loth, K. A., & Neumark-Sztainer, D.
(2016). Overeating and binge eating in emerging adulthood: 10-year stability
and risk factors. Developmental Psychology, 52(3), 475-483.
https://doi.org/10.1037/dev0000086

230


https://doi.org/10.1016/j.soard.2013.09.012
https://doi.org/10.1186/s40337-022-00544-7
https://doi.org/10.1186/s40337-022-00544-7
https://doi.org/10.1007/s40519-017-0371-3
https://doi.org/10.1016/j.jadohealth.2018.09.023
https://doi.org/10.1016/j.appet.2005.05.004
https://doi.org/10.1097/01.psy.0000143637.63508.47
https://doi.org/10.1038/oby.2011.286
https://doi.org/10.1037/dev0000086

Goncalves, S. F., Machado, B. C., & Martins, C. (2014). Eating and weight/shape
criticism as a specific life-event related to bulimia nervosa: A case control
study. Journal of Psychology, 148(1), 61-72.
https://doi.org/10.1080/00223980.2012.743453

Gordon, A. R., Moore, L. B., & Guss, C. (2021). Eating disorders among transgender
and gender non-binary people. In J. M. Nagata, T. A. Brown, S. B. Murray, &
J. M. Lavender (Eds.), Eating Disorders in Boys & Men (pp. 265-281).
Springer International Publishing. https://doi.org/10.1007/978-3-030-67127-
3 18

Gordon, G., Brockmeyer, T., Schmidt, U., & Campbell, 1. C. (2019). Combining
cognitive bias modification training (CBM) and transcranial direct current
stimulation (tDCS) to treat binge eating disorder: Study protocol of a
randomised controlled feasibility trial. BMJ Open, 9(10), €030023.
https://doi.org/10.1136/bmjopen-2019-030023

Gordon, G., Williamson, G., Gkofa, V., Schmidt, U., Brockmeyer, T., & Campbell, I.
(2021). Participants' experience of approach bias modification training with
transcranial direct current stimulation as a combination treatment for binge
eating disorder. European Eating Disorders Review, 29(6), 969-984.
https://doi.org/10.1002/erv.2859

Grilo, C. M., Hrabosky, J. I., White, M. A., Allison, K. C., Stunkard, A. J., &
Masheb, R. M. (2008). Overvaluation of shape and weight in binge eating
disorder and overweight controls: Refinement of a diagnostic construct.
Journal of Abnormal Psychology, 117(2), 414-419.
https://doi.org/10.1037/0021-843X.117.2.414

Grilo, C. M., Ivezaj, V., Lydecker, J. A., & White, M. A. (2019). Toward an
understanding of the distinctiveness of body-image constructs in persons
categorized with overweight/obesity, bulimia nervosa, and binge-eating
disorder. Journal of Psychosomatic Research, 126, 109757.
https://doi.org/10.1016/].jpsychores.2019.109757

Grilo, C. M., White, M. A., Barnes, R. D., & Masheb, R. M. (2013). Psychiatric

disorder co-morbidity and correlates in an ethnically diverse sample of obese

231


https://doi.org/10.1080/00223980.2012.743453
https://doi.org/10.1007/978-3-030-67127-3_18
https://doi.org/10.1007/978-3-030-67127-3_18
https://doi.org/10.1136/bmjopen-2019-030023
https://doi.org/10.1002/erv.2859
https://doi.org/10.1037/0021-843X.117.2.414
https://doi.org/10.1016/j.jpsychores.2019.109757

patients with binge eating disorder in primary care settings. Comprehensive

Psychiatry, 54(3), 209-216. https://doi.org/10.1016/j.comppsych.2012.07.012

Gross, J. J. (2014). Emotion regulation: Conceptual and empirical foundations. In J.
J. Gross (Ed.), Handbook of Emotion Regulation (pp. 3-20). The Guilford

Press.

Gross, J. J. (2015). Emotion regulation: Current status and future prospects.
Psychological Inquiry, 26(1), 1-26.
https://doi.org/10.1080/1047840X.2014.940781

Guerdjikova, A. 1., McElroy, S. L., Winstanley, E. L., Nelson, E. B., Mori, N.,
McCoy, J., Keck, P. E., Jr., & Hudson, J. I. (2012). Duloxetine in the
treatment of binge eating disorder with depressive disorders: A placebo-
controlled trial. International Journal of Eating Disorders, 45(2), 281-289.
https://doi.org/10.1002/eat.20946

Gullo, M. J., Loxton, N. J., & Dawe, S. (2014). Impulsivity: Four ways five factors
are not basic to addiction. Addictive Behaviors, 39(11), 1547-1556.
https://doi.org/10.1016/j.addbeh.2014.01.002

Guo, Q., Li, C., & Wang, J. (2017). Updated review on the clinical use of repetitive
transcranial magnetic stimulation in psychiatric disorders. Neuroscience

Bulletin, 33(6), 747-756. https://doi.org/10.1007/s12264-017-0185-3

Haedt-Matt, A. A., & Keel, P. K. (2011). Revisiting the affect regulation model of
binge eating: A meta-analysis of studies using ecological momentary
assessment. Psychological Bulletin, 137(4), 660.
https://doi.org/10.1037/a0023660

Hagan, K. E., Alasmar, A., Exum, A., Chinn, B., & Forbush, K. T. (2020). A
systematic review and meta-analysis of attentional bias toward food in
individuals with overweight and obesity. Appetite, 151, 104710.
https://doi.org/10.1016/j.appet.2020.104710

Hardman, C. A., Jones, A., Burton, S., Duckworth, J. J., McGale, L. S., Mead, B. R.,
Roberts, C. A., Field, M., & Werthmann, J. (2021). Food-related attentional

bias and its associations with appetitive motivation and body weight: A

232


https://doi.org/10.1016/j.comppsych.2012.07.012
https://doi.org/10.1080/1047840X.2014.940781
https://doi.org/10.1002/eat.20946
https://doi.org/10.1016/j.addbeh.2014.01.002
https://doi.org/10.1007/s12264-017-0185-3
https://doi.org/10.1037/a0023660
https://doi.org/10.1016/j.appet.2020.104710

systematic review and meta-analysis. Appetite, 157, 104986.
https://doi.org/10.1016/j.appet.2020.104986

Harrison, A., Sullivan, S., Tchanturia, K., & Treasure, J. (2010). Emotional
functioning in eating disorders: Attentional bias, emotion recognition and
emotion regulation. Psychological Medicine, 40(11), 1887-1897.
https://doi.org/10.1017/S0033291710000036

Harrison, C., Mitchison, D., Rieger, E., Rodgers, B., & Mond, J. (2016). Emotion
regulation difficulties in binge eating disorder with and without the

overvaluation of weight and shape. Psychiatry Research, 245, 436-442.
https://doi.org/10.1016/].psychres.2016.09.005

Hauer, L., Sellner, J., Brigo, F., Trinka, E., Sebastianelli, L., Saltuari, L., Versace,
V., Holler, Y., & Nardone, R. (2019). Effects of repetitive transcranial
magnetic stimulation over prefrontal cortex on attention in psychiatric
disorders: A systematic review. Journal of Clinical Medicine, 8(4), 416.
https://doi.org/10.3390/;cm8040416

Hausman, J. A., Hall, B. H., & Griliches, Z. (1984). Econometric models for count
data with an application to the patents-R&D relationship. National Bureau of
Economic Research 17. https://doi.org/10.3386/t0017

Hay, P. (1998). The epidemiology of eating disorder behaviors: An Australian
community-based survey. International Journal of Eating Disorders, 23(4),
371-382. https://doi.org/10.1002/(sic1)1098-108x(199805)23:4<371::a1d-
eat4>3.0.co;2-f

Heatherton, T. F., & Baumeister, R. F. (1991). Binge eating as escape from self-
awareness. Psychological Bulletin, 110(1), 86. https://doi.org/10.1037/0033-
2909.110.1.86

Hebebrand, J., Geller, F., Dempfle, A., Heinzel-Gutenbrunner, M., Raab, M., Gerber,
G., Wermter, A. K., Horro, F. F., Blundell, J., & Schifer, H. (2004). Binge-
eating episodes are not characteristic of carriers of melanocortin-4 receptor
gene mutations. Molecular Psychiatry, 9(8), 796-800.
https://doi.org/10.1038/sj.mp.4001491

233


https://doi.org/10.1016/j.appet.2020.104986
https://doi.org/10.1017/S0033291710000036
https://doi.org/10.1016/j.psychres.2016.09.005
https://doi.org/10.3390/jcm8040416
https://doi.org/10.3386/t0017
https://doi.org/10.1002/(sici)1098-108x(199805)23:4
https://doi.org/10.1037/0033-2909.110.1.86
https://doi.org/10.1037/0033-2909.110.1.86
https://doi.org/10.1038/sj.mp.4001491

Hedges, L. V., & Olkin, 1. (2014). Statistical methods for meta-analysis. Academic

Press.

Hedges, L. V., & Vevea, J. L. (1998). Fixed-and random-effects models in meta-
analysis. Psychological methods, 3(4), 486. https://doi.org/10B2-
989X/98/J3.00

Heeren, A., Baeken, C., Vanderhasselt, M. A., Philippot, P., & de Raedt, R. (2015).
Impact of anodal and cathodal transcranial direct current stimulation over the
left dorsolateral prefrontal cortex during attention bias modification: An eye-
tracking study. PLoS One, 10(4), €0124182.
https://doi.org/10.1371/journal.pone.0124182

Heeren, A., Billieux, J., Philippot, P., De Raedt, R., Baeken, C., de Timary, P.,
Maurage, P., & Vanderhasselt, M. A. (2017). Impact of transcranial direct
current stimulation on attentional bias for threat: A proof-of-concept study
among individuals with social anxiety disorder. Social, Cognitive & Affective

Neuroscience, 12(2), 251-260. https://doi.org/10.1093/scan/nsw119

Hege, M. A., Stingl, K. T., Kullmann, S., Schag, K., Giel, K. E., Zipfel, S., & Preissl,
H. (2015). Attentional impulsivity in binge eating disorder modulates
response inhibition performance and frontal brain networks. International

Journal of Obesity, 39(2), 353-360. https://doi.org/10.1038/ij0.2014.99

Hege, M. A., Stingl, K. T., Veit, R., & Preissl, H. (2017). Modulation of attentional
networks by food-related disinhibition. Physiology & Behavior, 176, 84-92.
https://doi.org/10.1016/i.physbeh.2017.02.023

Hendrikse, J. J., Cachia, R. L., Kothe, E. J., McPhie, S., Skouteris, H., & Hayden, M.
J. (2015). Attentional biases for food cues in overweight and individuals with
obesity: A systematic review of the literature. Obesity Reviews, 16(5), 424-
432. https://doi.org/10.1111/0br.12265

Herbozo, S., Stevens, S. D., Moldovan, C. P., & Morrell, H. E. R. (2017). Positive
comments, negative outcomes? The potential downsides of appearance-
related commentary in ethnically diverse women. Body Image, 21, 6-14.

https://doi.org/10.1016/;.bodyim.2017.01.008

234


https://doi.org/10B2-989X/98/J3.00
https://doi.org/10B2-989X/98/J3.00
https://doi.org/10.1371/journal.pone.0124182
https://doi.org/10.1093/scan/nsw119
https://doi.org/10.1038/ijo.2014.99
https://doi.org/10.1016/j.physbeh.2017.02.023
https://doi.org/10.1111/obr.12265
https://doi.org/10.1016/j.bodyim.2017.01.008

Herrington, J. D., Heller, W., Mohanty, A., Engels, A. S., Banich, M. T., Webb, A.
G., & Miller, G. A. (2010). Localization of asymmetric brain function in
emotion and depression [10.1111/5.1469-8986.2009.00958.x].
Psychophysiology, 47(3), 442-454. https://doi.org/10.1111/7.1469-
8986.2009.00958.x

Higgins, J. P. T., Altman, D. G., Getzsche, P. C., Jiini, P., Moher, D., Oxman, A. D.,
Savovié, J., Schulz, K. F., Weeks, L., & Sterne, J. A. C. (2011). The

Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.

BMJ, 343. https://doi.org/10.1136/bmj.d5928

Hilbert, A. (2019). Binge-eating disorder. Psychiatric Clinics, 42(1), 33-43.
https://doi.org/10.1016/].psc.2018.10.011

Hilbert, A., Petroff, D., Herpertz, S., Pietrowsky, R., Tuschen-Caffier, B., Vocks, S.,
& Schmidt, R. (2020). Meta-analysis on the long-term effectiveness of
psychological and medical treatments for binge-eating disorder. International
Journal of Eating Disorders, 53(9), 1353-1376.
https://doi.org/10.1002/eat.23297

Hilbert, A., Rief, W., Tuschen-Caffier, B., de Zwaan, M., & Czaja, J. (2009). Loss of
control eating and psychological maintenance in children: An ecological

momentary assessment study. Behaviour Research & Therapy, 47(1), 26-33.
https://doi.org/10.1016/].brat.2008.10.003

Hilbert, A., Tuschen-Caffier, B., & Czaja, J. (2010). Eating behavior and familial
interactions of children with loss of control eating: A laboratory test meal
study. American Journal of Clinical Nutrition, 91(3), 510-518.
https://doi.org/10.3945/ajcn.2009.28843

Hilbert, A., & Tuschen-Caffier, B. (2007). Maintenance of binge eating through
negative mood: A naturalistic comparison of binge eating disorder and
bulimia nervosa. International Journal of Eating Disorders, 40(6), 521-530.

https://doi.org/10.1002/eat.20401

Hoek, H. W. (2016). Review of the worldwide epidemiology of eating disorders.
Current Opinion in Psychiatry, 29(6), 336-339.
https://doi.org/10.1097/YCO.0000000000000282

235


https://doi.org/10.1111/j.1469-8986.2009.00958.x
https://doi.org/10.1111/j.1469-8986.2009.00958.x
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.psc.2018.10.011
https://doi.org/10.1002/eat.23297
https://doi.org/10.1016/j.brat.2008.10.003
https://doi.org/10.3945/ajcn.2009.28843
https://doi.org/10.1002/eat.20401
https://doi.org/10.1097/YCO.0000000000000282

Hofmann, W., Schmeichel, B. J., & Baddeley, A. D. (2012). Executive functions and
self-regulation. Trends in Cognitive Science, 16(3), 174-180.
https://doi.org/10.1016/].tics.2012.01.006

Hoy, K. E., Enticott, P. G., Daskalakis, Z. J., & Fitzgerald, P. B. (2010). Can a
behavioral intervention enhance the effect of repetitive transcranial magnetic
stimulation on mood? Brain Stimulation, 3(4), 200-206.

https://doi.org/10.1016/7.brs.2010.06.001

Hubel, C., Abdulkadir, M., Herle, M., Loos, R. J. F., Breen, G., Bulik, C. M., &
Micali, N. (2021). One size does not fit all. Genomics differentiates among
anorexia nervosa, bulimia nervosa, and binge-eating disorder. International
Journal of Eating Disorders, 54(5), 785-793.
https://doi.org/10.1002/eat.23481

Hudson, J. L., Hiripi, E., Pope, H. G., Jr., & Kessler, R. C. (2007). The prevalence
and correlates of eating disorders in the National Comorbidity Survey
Replication. Biological Psychiatry, 61(3), 348-358.
https://doi.org/10.1016/].biopsych.2006.03.040

Hudson, J. 1., Lalonde, J. K., Coit, C. E., Tsuang, M. T., McElroy, S. L., Crow, S. J.,
Bulik, C. M., Hudson, M. S., Yanovski, J. A., Rosenthal, N. R., & Pope, H.
G., Jr. (2010). Longitudinal study of the diagnosis of components of the
metabolic syndrome in individuals with binge-eating disorder. American
Journal of Clinical Nutrition, 91(6), 1568-1573.
https://doi.org/10.3945/ajcn.2010.29203

Huedo-Medina, T. B., Sanchez-Meca, J., Marin-Martinez, F., & Botella, J. (2006).
Assessing heterogeneity in meta-analysis: Q statistic or I? index?
Psychological Methods, 11(2), 193. https://doi.org/10.1037/1082-
989X.11.2.193

Iceta, S., Rodrigue, C., Legendre, M., Daoust, J., Flaudias, V., Michaud, A., &
Begin, C. (2021). Cognitive function in binge eating disorder and food
addiction: A systematic review and three-level meta-analysis. Progress in
Neuropsychopharmacology & Biological Psychiatry, 111, 110400.
https://doi.org/10.1016/].pnpbp.2021.110400

236


https://doi.org/10.1016/j.tics.2012.01.006
https://doi.org/10.1016/j.brs.2010.06.001
https://doi.org/10.1002/eat.23481
https://doi.org/10.1016/j.biopsych.2006.03.040
https://doi.org/10.3945/ajcn.2010.29203
https://doi.org/10.1037/1082-989X.11.2.193
https://doi.org/10.1037/1082-989X.11.2.193
https://doi.org/10.1016/j.pnpbp.2021.110400

Ironside, M., O’Shea, J., Cowen, P. J., & Harmer, C. J. (2016). Frontal cortex
stimulation reduces vigilance to threat: Implications for the treatment of
depression and anxiety Biological Psychiatry, 79(10), 823-830.
https://doi.org/10.1016/].biopsych.2015.06.012

Jansen, A., Houben, K., & Roefs, A. (2015). A cognitive profile of obesity and its
translation into new interventions. Frontiers in Psychology, 6, 1807.

https://doi.org/10.3389/fpsye.2015.01807

Javaras, K. N., Laird, N. M., Reichborn-Kjennerud, T., Bulik, C. M., Pope, H. G., Jr.,
& Hudson, J. I. (2008). Familiality and heritability of binge eating disorder:
Results of a case-control family study and a twin study. International Journal

of Eating Disorders, 41(2), 174-179. https://doi.org/10.1002/eat.20484

Jimenez-Murcia, S., Steiger, H., Israel, M., Granero, R., Prat, R., Santamaria, J. J.,
Moragas, L., Sanchez, 1., Custal, N., Orekhova, L., Fagundo, A. B.,
Menchon, J., & Fernandez-Aranda, F. (2013). Pathological gambling in
eating disorders: Prevalence and clinical implications. Comprehensive
Psychiatry, 54(7), 1053-1060.
https://doi.org/10.1016/j.comppsych.2013.04.014

Johnstone, T., Van Reekum, C. M., Urry, H. L., Kalin, N. H., & Davidson, R. J.
(2007). Failure to regulate: counterproductive recruitment of top-down
prefrontal-subcortical circuitry in major depression. Journal of Neuroscience,

27(33), 8877-8884. https://doi.org/10.1523/INEUROSCI.2063-07.2007

Jones, A., D1 Lemma, L. C., Robinson, E., Christiansen, P., Nolan, S., Tudur-Smith,
C., & Field, M. (2016). Inhibitory control training for appetitive behaviour
change: A meta-analytic investigation of mechanisms of action and
moderators of effectiveness. Appetite, 97, 16-28.
https://doi.org/10.1016/j.appet.2015.11.013

Kamody, R. C., Grilo, C. M., & Udo, T. (2020). Disparities in DSM-5 defined eating
disorders by sexual orientation among U.S. adults. International Journal of

Eating Disorders, 53(2), 278-287. https://doi.org/10.1002/eat.23193

Kekic, M., Boysen, E., Campbell, I. C., & Schmidt, U. (2016). A systematic review

of the clinical efficacy of transcranial direct current stimulation (tDCS) in

237


https://doi.org/10.1016/j.biopsych.2015.06.012
https://doi.org/10.3389/fpsyg.2015.01807
https://doi.org/10.1002/eat.20484
https://doi.org/10.1016/j.comppsych.2013.04.014
https://doi.org/10.1523/JNEUROSCI.2063-07.2007
https://doi.org/10.1016/j.appet.2015.11.013
https://doi.org/10.1002/eat.23193

psychiatric disorders. Journal of Psychiatric Research, 74, 70-86.
https://doi.org/10.1016/].jpsychires.2015.12.018

Kekic, M., McClelland, J., Bartholdy, S., Boysen, E., Musiat, P., Dalton, B., Tiza,
M., David, A. S., Campbell, I. C., & Schmidt, U. (2017). Single-session
transcranial direct current stimulation temporarily improves symptoms,
mood, and self-regulatory control in bulimia nervosa: A randomised
controlled trial. PLoS One, 12(1), €0167606.
https://doi.org/10.1371/journal.pone.0167606

Kelley, N. J., & Schmeichel, B. J. (2016). Noninvasive stimulation over the
dorsolateral prefrontal cortex facilitates the inhibition of motivated
responding. Journal of Experimental Psychology: General, 145, 1702-1712.
https://doi.org/10.1037/xge0000238

Kemps, E., Tiggemann, M., & Hollitt, S. (2016). Longevity of attentional bias
modification effects for food cues in overweight and obese individuals.
Psychological Health, 31(1), 115-129.
https://doi.org/10.1080/08870446.2015.1077251

Kemps, E., Tiggemann, M., Orr, J., & Grear, J. (2014). Attentional retraining can
reduce chocolate consumption. Journal of Experimental Psychology: Applied,

20(1), 94. https://doi.org/10.1037/xap0000005

Keski-Rahkonen, A. (2021). Epidemiology of binge eating disorder: Prevalence,
course, comorbidity, and risk factors. Current Opinion in Psychiatry, 34(6),

525-531. https://doi.org/10.1097/YCO.0000000000000750

Kessler, R. C., Berglund, P. A., Chiu, W. T., Deitz, A. C., Hudson, J. L., Shahly, V.,
Aguilar-Gaxiola, S., Alonso, J., Angermeyer, M. C., Benjet, C., Bruffaerts,
R., de Girolamo, G., de Graaf, R., Maria Haro, J., Kovess-Masfety, V.,
O'Neill, S., Posada-Villa, J., Sasu, C., Scott, K., . . . Xavier, M. (2013). The
prevalence and correlates of binge eating disorder in the World Health
Organization World Mental Health Surveys. Biological Psychiatry, 73(9),
904-914. https://doi.org/10.1016/j.biopsych.2012.11.020

Kindler, J., Bailer, U., de Zwaan, M., Fuchs, K., Leisch, F., Griin, B., Strnad, A.,
Stojanovic, M., Windisch, J., & Lennkh-Wolfsberg, C. (2011). No

238


https://doi.org/10.1016/j.jpsychires.2015.12.018
https://doi.org/10.1371/journal.pone.0167606
https://doi.org/10.1037/xge0000238
https://doi.org/10.1080/08870446.2015.1077251
https://doi.org/10.1037/xap0000005
https://doi.org/10.1097/YCO.0000000000000750
https://doi.org/10.1016/j.biopsych.2012.11.020

association of the neuropeptide Y (Leu7Pro) and ghrelin gene (Arg51Gln,
Leu72Met, GIn90Leu) single nucleotide polymorphisms with eating
disorders. Nordic Journal of Psychiatry, 65(3), 203-207.
https://doi.org/10.3109/08039488.2010.525258

Kirby, K. N., & Marakovi¢, N. N. (1996). Delay-discounting probabilistic rewards:
Rates decrease as amounts increase. Psychonomic Bulletin & Review, 3(1),

100-104. https://doi.org/10.3758/BF03210748

Knotkova, H., Nitsche, M. A., Bikson, M., & Woods, A. J. (2019). Practical guide to
transcranial direct current stimulation: Principles, procedures and

applications. Springer. https://doi.org/10.1007/978-3-319-95948-1

Kollei, I., Rustemeier, M., Schroeder, S., Jongen, S., Herpertz, S., & Loeber, S.
(2018). Cognitive control functions in individuals with obesity with and

without binge-eating disorder. International Journal of Eating Disorders,

51(3), 233-240. https://doi.org/10.1002/eat.22824

Kongs, S. K., Thompson, L. L., Iverson, G. L., & Heaton, R. K. (2000). Wisconsin
card sorting test, 64 card version: WCST-64. PAR Lutz, FL.

Krause, B., Marquez-Ruiz, J., & Cohen Kadosh, R. (2013). The effect of transcranial
direct current stimulation: a role for cortical excitation/inhibition balance?
Frontiers in Human Neuroscience, 7, 602.

https://doi.org/10.3389/fmhum.2013.00602

Kuehne, M., Schmidt, K., & Heinze, H.-J. Z., T. (2019). Modulation of emotional
conflict processing by high-definition transcranial direct current stimulation
(HD-TDCS) [Original Research]. Frontiers in Behavioral Neuroscience, 13.
https://doi.org/10.3389/fnbeh.2019.00224

Laessle, R. G., & Schulz, S. (2009). Stress-induced laboratory eating behavior in
obese women with binge eating disorder. International Journal of Eating

Disorders, 42(6), 505-510. https://doi.org/10.1002/eat.20648

Lang, P. J., & Bradley, M. M. (2010). Emotion and the motivational brain.
Biological Psychology, 84(3), 437-450.
https://doi.org/10.1016/j.biopsycho.2009.10.007

239


https://doi.org/10.3109/08039488.2010.525258
https://doi.org/10.3758/BF03210748
https://doi.org/10.1007/978-3-319-95948-1
https://doi.org/10.1002/eat.22824
https://doi.org/10.3389/fnhum.2013.00602
https://doi.org/10.3389/fnbeh.2019.00224
https://doi.org/10.1002/eat.20648
https://doi.org/10.1016/j.biopsycho.2009.10.007

Larsen, J. K., van Ramshorst, B., van Doornen, L. J., & Geenen, R. (2009). Salivary
cortisol and binge eating disorder in obese women after surgery for morbid
obesity. International Journal of Behavioral Medicine, 16(4), 311-315.
https://doi.org/10.1007/s12529-009-9036-6

Lavagnino, L., Amianto, F., Parasiliti Caprino, M., Maccario, M., Arvat, E., Ghigo,
E., Abbate Daga, G., & Fassino, S. (2014). Urinary cortisol and
psychopathology in obese binge eating subjects. Appetite, 83, 112-116.
https://doi.org/10.1016/j.appet.2014.08.020

Lavagnino, L., Arnone, D., Cao, B., Soares, J. C., & Selvaraj, S. (2016). Inhibitory
control in obesity and binge eating disorder: A systematic review and meta-
analysis of neurocognitive and neuroimaging studies. Neuroscience &
Biobehavioral Reviews, 68, 714-726.
https://doi.org/10.1016/].neubiorev.2016.06.041

Lavender, J. M., Wonderlich, S. A., Engel, S. G., Gordon, K. H., Kaye, W. H., &
Mitchell, J. E. (2015). Dimensions of emotion dysregulation in anorexia
nervosa and bulimia nervosa: A conceptual review of the empirical literature.
Clinical Psychology Review, 40, 111-122.
https://doi.org/10.1016/].cpr.2015.05.010

Lavender, J. M., Wonderlich, S. A., Peterson, C. B., Crosby, R. D., Engel, S. G.,
Mitchell, J. E., Crow, S. J., Smith, T. L., Klein, M. H., Goldschmidt, A. B., &
Berg, K. C. (2014). Dimensions of emotion dysregulation in bulimia nervosa.
European Eating Disorders Review, 22(3), 212-216.
https://doi.org/10.1002/erv.2288

Le, L. K., & Mihalopoulos, C. (2021). Putting a dollar value on eating disorders:
What is next?: Commentary on Streatfeild et al. (2021). International Journal
of Eating Disorders, 54(5), 869-871. https://doi.org/10.1002/eat.23507

Le Moult, J., & Gotlib, I. H. (2019). Depression: A cognitive perspective. Clinical
Psychology Review, 69, 51-66. https://doi.org/10.1016/].cpr.2018.06.008

Lee, J. E., Namkoong, K., & Jung, Y.-C. (2017). Impaired prefrontal cognitive

control over interference by food images in binge-eating disorder and bulimia

240


https://doi.org/10.1007/s12529-009-9036-6
https://doi.org/10.1016/j.appet.2014.08.020
https://doi.org/10.1016/j.neubiorev.2016.06.041
https://doi.org/10.1016/j.cpr.2015.05.010
https://doi.org/10.1002/erv.2288
https://doi.org/10.1002/eat.23507
https://doi.org/10.1016/j.cpr.2018.06.008

nervosa. Neuroscience Letters, 651, 95-101.

https://doi.org/10.1016/j.neulet.2017.04.054

Leehr, E. J., Krohmer, K., Schag, K., Dresler, T., Zipfel, S., & Giel, K. E. (2015).
Emotion regulation model in binge eating disorder and obesity: A systematic

review. Neuroscience & Biobehavioral Reviews, 49, 125-134.

https://doi.org/10.1016/j.neubiorev.2014.12.008

Leehr, E. J., Schag, K., Briickmann, C., Plewnia, C., Zipfel, S., Nieratschker, V., &
Giel, K. E. (2016). A putative association of COMT Val (108/158) Met with
impulsivity in binge eating disorder. European Eating Disorders Review,

24(2), 169-173. https://doi.org/10.1002/erv.2421

Leyman, L., De Raedt, R., Vanderhasselt, M. A., & Baeken, C. (2009). Influence of
high-frequency repetitive transcranial magnetic stimulation over the
dorsolateral prefrontal cortex on the inhibition of emotional information in
healthy volunteers. Psychological Medicine, 39(6), 1019-1028.
https://doi.org/10.1017/S003329170800443 1

Liu, S., Zhai, S., Guo, D., Chen, S., He, Y., Ke, Y., & Ming, D. (2022). Transcranial
direct current stimulation over the left dorsolateral prefrontal cortex reduced
attention bias toward negative facial expression: A pilot study in healthy

subjects. Frontiers in Neuroscience, 16, 894798.

https://doi.org/10.3389/thins.2022.894798

Liu, W., Mao, Y., Wei, D, Yang, J., Du, X., Xie, P., & Qiu, J. (2016). Structural
asymmetry of dorsolateral prefrontal cortex correlates with depressive
symptoms: Evidence from healthy individuals and patients with major
depressive disorder. Neuroscience Bulletin, 32(3), 217-226.
https://doi.org/10.1007/s12264-016-0025-x

Loeber, S., Rustemeier, M., Paslakis, G., Pietrowsky, R., Muller, A., & Herpertz, S.
(2018). Mood and restrained eating moderate food-associated response

inhibition in obese individuals with binge eating disorder. Psychiatry

Research, 264, 346-353. https://doi.org/10.1016/j.psychres.2018.03.081

Lovibond, P. F., & Lovibond, S. H. (1995). The structure of negative emotional
states: Comparison of the Depression Anxiety Stress Scales (DASS) with the

241


https://doi.org/10.1016/j.neulet.2017.04.054
https://doi.org/10.1016/j.neubiorev.2014.12.008
https://doi.org/10.1002/erv.2421
https://doi.org/10.1017/S0033291708004431
https://doi.org/10.3389/fnins.2022.894798
https://doi.org/10.1007/s12264-016-0025-x
https://doi.org/10.1016/j.psychres.2018.03.081

Beck Depression and Anxiety Inventories. Behaviour Research & Therapy,

33(3), 335-343. https://doi.org/10.1016/0005-7967(94)00075-U

Lydecker, J. A., & Grilo, C. M. (2021). Psychiatric comorbidity as predictor and
moderator of binge-eating disorder treatment outcomes: An analysis of

aggregated randomized controlled trials. Psychological Medicine, 1-9.

https://doi.org/10.1017/S0033291721001045

Lyu, Z., Zheng, P., Chen, H., & Jackson, T. (2017). Approach and inhibition
responses to external food cues among average-weight women who binge eat
and weight-matched controls. Appetite, 108, 367-374.
https://doi.org/10.1016/j.appet.2016.10.025

MacLeod, C., & Mathews, A. (2012). Cognitive bias modification approaches to
anxiety. Annual Review of Clinical Psychology, 8, 189-217.
https://doi.org/10.1146/annurev-clinpsy-032511-143052

MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emotional
disorders. Journal of Abnormal Psychology, 95(1), 15.
https://doi.org/10.1037/0021-843X.95.1.15

Manera, V., Samson, A. C., Pehrs, C., Lee, 1. A., & Gross, J. J. (2014). The eyes
have it: The role of attention in cognitive reappraisal of social stimuli.

Emotion, 14(5), 833. https://doi.org/10.1037/a0037350

Manfredi, L., Accoto, A., Couyoumdjian, A., & Conversi, D. (2021). A Systematic
Review of Genetic Polymorphisms Associated with Binge Eating Disorder.

Nutrients, 13(3). https://doi.org/10.3390/nul13030848

Manwaring, J. L., Hilbert, A., Wilfley, D. E., Pike, K. M., Fairburn, C. G., Dohm, F.
A., & Striegel-Moore, R. H. (2006). Risk factors and patterns of onset in
binge eating disorder [https://doi.org/10.1002/eat.20208]. International
Journal of Eating Disorders, 39(2), 101-107.
https://doi.org/10.1002/eat.20208

Marciello, F., Monteleone, A. M., Cascino, G., & Monteleone, P. (2020).
Neuroendocrine Correlates of Binge Eating. In G. Frank & L. Berner (Eds.),
Binge Eating (pp. 165-180). Springer International Publishing.
https://doi.org/10.1007/978-3-030-43562-2 12

242


https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1017/S0033291721001045
https://doi.org/10.1016/j.appet.2016.10.025
https://doi.org/10.1146/annurev-clinpsy-032511-143052
https://doi.org/10.1037/0021-843X.95.1.15
https://doi.org/10.1037/a0037350
https://doi.org/10.3390/nu13030848
https://doi.org/10.1002/eat.20208
https://doi.org/10.1002/eat.20208
https://doi.org/10.1007/978-3-030-43562-2_12

Martin, S. J., & Racine, S. E. (2017). Personality traits and appearance-ideal
internalization: Differential associations with body dissatisfaction and
compulsive exercise. Eating Behaviors, 27, 39-44.

https://doi.org/10.1016/j.eatbeh.2017.11.001

Mathews, A., & MacLeod, C. (2005). Cognitive vulnerability to emotional disorders.
Annual Review of Clinical Psychology, 1(1), 167-195.
https://doi.org/10.1146/annurev.clinpsy.1.102803.143916

Max, S. M., Plewnia, C., Zipfel, S., Giel, K. E., & Schag, K. (2021). Combined
antisaccade task and transcranial direct current stimulation to increase
response inhibition in binge eating disorder. European Archives in Psychiatry
and Clinical Neuroscience, 271(1), 17-28. https://doi.org/10.1007/s00406-
020-01164-5

McElroy, S. L., Guerdjikova, A., Martens, B., Keck, P. E., Jr., Pope, H. G., &
Hudson, J. I. (2009). Role of antiepileptic drugs in the management of eating
disorders. CNS Drugs, 23(2), 139-156. https://doi.org/10.2165/00023210-
200923020-00004

McElroy, S. L., Guerdjikova, A. L., Mori, N., & Romo-Nava, F. (2020). Medication
for Binge Eating. In G. Frank & L. Berner (Eds.), Binge Eating (pp. 227-
241). Springer, Cham. https://doi.org/10.1007/978-3-030-43562-2 16

Meiron, O., & Lavidor, M. (2013). Unilateral prefrontal direct current stimulation
effects are modulated by working memory load and gender. Brain

Stimulation, 6(3), 440-447. https://doi.org/10.1016/j.brs.2012.05.014

Mercado, D., Schmidt, U., O’Daly, O. G., Campbell, I. C., & Werthmann, J. (2020).
Food related attention bias modification training for anorexia nervosa and its
potential underpinning mechanisms. Journal of Eating Disorders, 8(1), 1-4.

https://doi.org/10.1186/s40337-019-0276-9

Mercado, D., Werthmann, J., Antunes-Duarte, T., Campbell, 1. C., & Schmidt, U.
(2023). A randomised controlled feasibility study of food-related
computerised attention training versus mindfulness training and waiting-list
control for adults with overweight or obesity: The FOCUS study. Journal of
Eating Disorders, 11(61). https://doi.org/10.1186/s40337-023-00780-5

243


https://doi.org/10.1016/j.eatbeh.2017.11.001
https://doi.org/10.1146/annurev.clinpsy.1.102803.143916
https://doi.org/10.1007/s00406-020-01164-5
https://doi.org/10.1007/s00406-020-01164-5
https://doi.org/10.2165/00023210-200923020-00004
https://doi.org/10.2165/00023210-200923020-00004
https://doi.org/10.1007/978-3-030-43562-2_16
https://doi.org/10.1016/j.brs.2012.05.014
https://doi.org/10.1186/s40337-019-0276-9
https://doi.org/10.1186/s40337-023-00780-5

Mercado, D., Werthmann, J., Campbell, I. C., & Schmidt, U. (2020). Study protocol
of a randomised controlled feasibility study of food-related computerised
attention training versus mindfulness training and waiting-list control for
adults with overweight or obesity. Trials, 21(1), 1-12.
https://doi.org/10.1186/s13063-019-3932-0

Merwin, R. M., Moskovich, A. A., Dmitrieva, N. O., Pieper, C. F., Honeycutt, L. K.,
Zucker, N. L., Surwit, R. S., & Buhi, L. (2014). Disinhibited eating and
weight-related insulin mismanagement among individuals with type 1

diabetes. Appetite, 81, 123-130. https://doi.org/10.1016/j.appet.2014.05.028

Micali, N., Martini, M. G., Thomas, J. J., Eddy, K. T., Kothari, R., Russell, E., Bulik,
C. M., & Treasure, J. (2017). Lifetime and 12-month prevalence of eating
disorders amongst women in mid-life: A population-based study of diagnoses
and risk factors. BMC Med, 15(1), 12. https://doi.org/10.1186/s12916-016-
0766-4

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex
function. Annual Review of Neuroscience, 24(1), 167-202.
https://doi.org/10.1146/annurev.neuro.24.1.167

Mitchell, K. S., Neale, M. C., Bulik, C. M., Aggen, S. H., Kendler, K. S., & Mazzeo,
S. E. (2010). Binge eating disorder: A symptom-level investigation of genetic
and environmental influences on liability. Psychological Medicine, 40(11),

1899-1906. https://doi.org/10.1017/S0033291710000139

Mobius, M., Lacomblé, L., Meyer, T., Schutter, D. J. L. G., Gielkens, T., Becker, E.
S., Tendolkar, 1., & van Eijndhoven, P. (2017). Repetitive transcranial
magnetic stimulation modulates the impact of a negative mood induction.
Social Cognitive and Affective Neuroscience, 12(4), 526-533.
https://doi.org/10.1093/scan/nsw180

Mofta, A. H., Brunoni, A. R., Nikolin, S., & Loo, C. K. (2018). Transcranial direct
current stimulation in psychiatric disorders: A comprehensive review.
Psychiatric Clinics of North America, 41(3), 447-463.
https://doi.org/10.1016/].psc.2018.05.002

244


https://doi.org/10.1186/s13063-019-3932-0
https://doi.org/10.1016/j.appet.2014.05.028
https://doi.org/10.1186/s12916-016-0766-4
https://doi.org/10.1186/s12916-016-0766-4
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.1017/S0