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HIGHLIGHTS

e Being able/unable to inhibit behaviour has implications for eating and weight

e Inhibitory control is multifaceted: its individual components should be considered

e Restrained eaters were most consistently reported to have poor inhibitory control

e There are few studies on eating disorders, and samples were small and heterogeneous
e Obese people may show poor inhibitory control in specific contexts (e.g., to food)

ABSTRACT:

Altered inhibitory control (response inhibition, reward-based inhibition, cognitive inhibition,
reversal learning) has been implicated in eating disorders (EDs) and obesity. It is unclear, however,
how different types of inhibitory control contribute to eating and weight-control behaviours. This
review evaluates the relationship between one aspect of inhibitory control (a reactive component of
motor response inhibition measured by the stop signal task) and eating/weight in clinical and non-
clinical populations. Sixty-two studies from 58 journal articles were included. Restrained eaters
had diminished reactive inhibitory control compared to unrestrained eaters, and showed greatest
benefit to their eating behaviour from manipulations of inhibitory control. Obese individuals may
show less reactive inhibitory control but only in the context of food-specific inhibition or after
executive resources are depleted. Of the limited studies in EDs, the majority found no impairment
in reactive inhibitory control, although findings are inconsistent. Thus, altered reactive inhibitory
control is related to some maladaptive eating behaviours, and hence may provide a therapeutic
target for behavioural manipulations and/or neuromodulation. However, other types of inhibitory

control may also contribute. Methodological and theoretical considerations are discussed.
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1. INTRODUCTION:

1.1. Inhibitory control, EDs and obesity

We live in an obesogenic environment. Highly palatable and often calorific foods are readily
available/ easily obtained. To maintain a healthy lifestyle, a degree of self-control is needed to
overcome temptation towards these easy and unhealthy options. Overcoming temptation or urges
requires the ability to withhold inappropriate or unwanted behaviour, a broad concept referred to as
inhibitory control. Inefficient inhibitory control may therefore play a role in the development
and/or maintenance of obesity. Aberrant inhibitory control has also been implicated in the
pathology of eating disorders (EDs): anorexia nervosa (AN), bulimia nervosa (BN) and binge
eating disorder (BED) (Brooks et al., 2012; Dawe and Loxton, 2004). For example, poor inhibitory
control may contribute to the inability to control urges to binge eat or to purge. In contrast,
restrictive-type AN has been proposed to be underscored by excessive inhibitory control (Brooks et
al., 2012). Alternatively, it may be that exercising behavioural inhibition is a means of re-
establishing the feeling of control during a more general experience of loss of control. In the
general context of inhibitory control, it is also of note that EDs (particularly BN and BED) and
obesity are often highly comorbid with impulse-control disorders characterised by poor inhibitory
control, including ADHD, substance abuse and pathological gambling (e.g., Biederman et al.,
2007; Fernandez-Aranda et al., 2008; Hudson et al., 2007; Nazar et al., 2014; Nazar et al., 2008),
suggesting that deficits in inhibitory control and/or its underlying neural correlates are a
vulnerability factor for a range of disordered behaviours. It is unclear, however, whether these
deficits are general or specific to particular contexts or behaviours, whether inhibitory control is
similarly affected across different conditions, and which types of inhibitory control are related to

different clinical and nonclinical eating behaviours.



A number of narrative and systematic reviews have recently been conducted, most of which
concluded that there is some evidence that obesity, overweight and binge-related EDs are
associated with poor inhibitory control (Fischer et al., 2008; Guerrieri et al., 2008a; Liang et al.,
2014; Reinert et al., 2013; Schag et al., 2013; Thamotharan et al., 2013; Vainik et al., 2013;
Waxman, 2009; Wierenga et al., 2014b; Wonderlich et al., 2004; Wu et al., 2013b). Moreover, a
systematic review and meta-analysis of inhibitory control in the context of general and disorder-
specific stimuli in bulimic-type EDs (anorexia nervosa binge-purge subtype (AN-BP), BN, BED)
reported a general inhibitory control deficit with a small effect size in individuals with bulimic-
type EDs compared to healthy controls (HCs), with an exaggerated deficit in the context of
disorder-relevant stimuli in BN, although disorder-relevant stimuli were only assessed in BN
participants (Wu et al., 2013b). These findings were consistent across different tasks assessing
response inhibition and tasks assessing control over cognitive interference. In contrast, one review
of neurocognition in bulimic-type EDs (BN, eating disorders not otherwise specified (EDNOS-BN
type) and BED) found no clear indication of impaired inhibitory control across disorders, and
attributed this in part to the heterogeneity of the methods and outcome measures used across
studies (Van den Eynde et al., 2011b). However, these reviews have assessed findings from several
neuropsychological tasks and questionnaires that may measure distinct components of inhibitory
control, and refer to poor performance on these tasks (poor inhibitory control) as indicative of
“impulsivity” or impulsive action. Inhibitory control (particularly with respect to motor response
inhibition) can be assessed with relative ease using simple laboratory tasks, and poor performance
on these tasks has been proposed to serve as an endophenotype for impulsivity (Bari and Robbins,

2013).

However, impulsivity and inhibitory control are terms that should not be used synonymously.
Impulsivity refers to the tendency to act prematurely, without sufficient evidence, foresight, or
consideration of the consequences, or in a way that is poorly conceived, risky or inappropriate

(Dalley et al., 2011). In addition to impaired inhibitory control, it requires the co-occurrence of a



strong desire, urge or habit to initiate response. In contrast, inhibitory control refers to the general
ability to withhold or inhibit inappropriate behaviour. Furthermore, impaired motor response
inhibition is linked to impulsivity as well as compulsivity. Thus, it is important to recognise that

impulsivity and inhibitory control are distinct concepts with some overlap.

1.2. Elements of inhibitory control

Inhibitory control encapsulates several components underscored by overlapping but distinct
neurobiological mechanisms (for rev., see van Velzen et al., 2014). It includes, but is not limited to,
(a) response inhibition (i.e., the ability to withhold an inappropriate motor response, assessed by
tasks such as the stop signal task [SST] or the go/no-go task [GNG]), (b) reward-based or
motivational inhibition (e.g., the ability to delay reward or gratification, assessed by tasks such as
temporal discounting tasks), (c) reversal learning (e.g., tasks assessing cognitive flexibility such as
set-shifting tasks), and (d) cognitive inhibition (e.g., overcoming interference from distracting

information, such as the Stroop task) (Bari and Robbins, 2013).

Response inhibition can be further subcategorised into proactive and reactive inhibition. Proactive
inhibition includes strategic adjustment of response speed (e.g. post-error slowing, or target-
frequency effects) and also a general suppression of response tendencies in the context of
uncertainty (e.g., Aron, 2011; Bissett et al., 2009; Boulinguez et al., 2009; Criaud et al., 2012;
Jaffard et al., 2008). Reactive inhibition is when a response is withheld in reaction to a signal
indicating response inhibition is required, i.e., a “stop signal”. Reactive inhibition can take the
form of action restraint (as in the GNG task), or action cancellation (as in the SST, in which the

stop signal appears shortly after a target).

Several brain areas have been implicated across these tasks of response inhibition, i.e., they

constitute a ‘core stopping network’: these include the inferior frontal gyrus (rIFG), middle frontal
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gyrus (MFG), pre-supplementary motor area (pre-SMA), anterior insula (alns) and subthalamic
nucleus (STN). However, additional regions are differentially activated by these tasks, supporting
the notion of separate components (Aron, 2007; Frank, 2006; Hampshire and Sharp, 2015;
Robbins, 2007; Sebastian et al., 2013; Swick et al., 2011; Verbruggen and Logan, 2008). This is
further supported by weak correlations between self-report and behavioural (task-based) measures
of inhibitory control, as well as between inhibitory control tasks (e.g., Cyders and Coskunpinar,
2011; Enticott et al., 2006; Wingrove and Bond, 1997). Such tasks may therefore provide insight
into the specific neural and behavioural manifestations of failed inhibitory control, and contribute
to the understanding of the mechanisms underlying the development and/or maintenance of

psychiatric disorders and symptom experience.

At present, it is unclear which types of inhibitory control may be aberrant in disordered eating or in
obesity, i.e., whether only particular types of inhibitory control are affected or if there is a more
general/overarching problem, and whether it is consistent across different symptoms or conditions.
There is a lack of systematic exploration of evidence investigating specific inhibitory control
capacities assessed by a single neuropsychological paradigm, and the relation between task
performance and eating or weight status. Such assessments will provide an indication as to whether
specific components of inhibitory control are related to, and are consistent across, different eating
behaviours or weight categories, and may help to identify components of inhibitory control that are
potential targets for treatment (e.g., modifying eating behaviours), or identifying individuals more
likely to respond to treatment. As a result of reports of a relationship between unhealthy eating
behaviours and impulsivity, neuropsychological interventions have been developed that aim to
reduce such behaviours by altering neurocognitive processes involved in executive decision
making. In these, established behavioural measures of inhibitory control are modified to allow the
training of inhibitory control to evaluate the ability of these paradigms to facilitate weight loss and
reduce unhealthy food intake in obese and overweight individuals (for rev., see Juarascio et al.,

2015; Spierer et al., 2013). It is unclear, however, which types of inhibitory control should be



targeted to elicit the greatest benefit in terms of eating behaviour or weight control. Thus,
systematic examination of individual components of inhibitory control in relation to eating and
weight-related behaviours will help to identify (a) which components of inhibitory control (i.e.,
reactive motor inhibition, cognitive inhibition, etc.) contribute to various behaviours (e.g., binge
eating, dietary restraint); and consequently (b) which behaviours might benefit from behavioural

interventions aimed at training specific types of inhibitory control.

1.3. Present review

This review examines studies exploring the relationship between eating/weight and one measure of
inhibitory control, namely the ability to withhold an already initiated response, measured by the
stop signal task (SST; Logan, 1994; Logan and Cowan, 1984). This review does not answer the
broader questions of whether only reactive inhibition is affected, if there is a more
general/overarching problem, or whether other components of inhibitory control are involved.
Rather, it aims to address whether reactive inhibitory control, specifically, is involved in a range of
clinical and non-clinical eating and weight behaviours. This will help to inform whether difficulties
in reactive inhibition are consistent across different ages, behaviours and conditions, and identify

which behaviours may benefit from training or manipulation of reactive inhibitory control.

The SST was chosen as it is commonly used to assess motor control, with cognitive underpinnings
that are clearly established and may have relevance to eating and weight-control behaviours (e.g.,
cognitive control exercised when resisting urges to eat). A single task was assessed to improve
homogeneity in the specific inhibitory control-related construct under review. The review seeks to
provide a better understanding of the specific involvement of reactive inhibitory control in a
spectrum of healthy and disordered eating/weight-control behaviours. It is hoped that this is useful
in identifying components of inhibitory control that are potential targets for treatment or
identifying individuals likely to respond to treatment. It expands on previous reviews by including

non-clinical groups exhibiting specific eating behaviours (e.g., dieting) and groups characterised by
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weight status, and also by including studies that have looked at the impact of inhibitory control on
eating/weight in addition to those that explore the influence of eating behaviour on inhibitory

control. Specifically, it aims to:

Characterise the relationship between reactive inhibitory control and both clinical and non-clinical
eating behaviours;

Explore whether reactive inhibitory control varies as a function of weight status (obese,
overweight, normal weight, underweight) or body mass index (BMI);

Summarise the evidence for weight loss interventions that train inhibitory control.

2. METHODS:

2.1. Search strategy

Four electronic databases were searched (Psycinfo, Medline and Embase (all via OvidSP) and
PubMed), with no restrictions on publication date. Additionally, a manual search on Google
Scholar and a review of the reference lists of related systematic reviews and meta-analyses were
conducted to search for articles that may have been missed in the initial database search. The
database and manual searches were completed by 30" September 2015. After initial screening of
the title and abstract, the full text of relevant articles and articles for which the abstract did not
provide sufficient information was retrieved and evaluated. Reference lists and articles citing
(using Google Scholar) potentially relevant full-text articles were reviewed. Articles were retrieved

from citation and reference lists until 14™ October 2015.

The search was conducted independently by two authors (SB, BD). For every abstract identified as

potentially relevant by at least one of the two authors, the full-text was evaluated by both



independently. Discrepancies were resolved through discussion between the two authors
conducting the search. All papers that did not meet the inclusion criteria were excluded, with

reasons provided in Figure 1. The search was based on the following keyword terms:

A. Search and explode the following terms to look for studies containing information regarding eating
and/or weight: [eating disorder* OR eating™ (map to subject headings: eating attitudes, eating
behaviour, purging (eating disorders), rumination (eating) feeding and eating disorders of
childhood, eating habit) OR anorexi* OR bulimi* OR binge (map to subject headings: binge eating
OR binge eating disorder OR binge-eating disorder) OR obesity (map to subject headings: obesity
morbid) OR overweight OR underweight (map to subject headings: thinness) OR body weight
(map to subject headings: weight control, weight gain, weight loss, weight reduction, body weight
disorder, weight) OR eating behaviour OR diet (map to subject heading: diets, diet reducing, diet
therapy, diet restriction) OR fasting (map to subject heading: food deprivation, fasting) OR energy
intake OR calori* intake OR food intake OR loss of control eat* OR LOC eat*]

B. Search and explode the following terms to look for studies using the stop signal task: [(stop signal*
OR stop signal task OR stop task OR stop go task OR SSRT)]

C. Limit the search to human samples and written in English language.

These three search terms were then combined using the AND function (A AND B AND C), to limit

the search to studies meeting all three criteria.

2.2. Data extraction

The data was extracted from all included studies into an electronic summary table (SB) and was
checked by another author (BLD). Information collected related to sample size and characteristics,
study design, SST outcomes assessed, eating/weight-related outcomes assessed, and relevant
findings. A narrative synthesis of the data was performed. The large methodological diversity of the

studies and the heterogeneity of samples in the included studies precluded meta-analyses.



2.3. Eligibility criteria

Studies reported in English that assessed the relationship between at least one measure of eating or
weight status and performance on any variant of the SST in humans were included in the analysis.
Samples included males and females of any age with a DSM or ICD diagnosis of an ED (including
AN, BN, BED, purging disorder, EDs not otherwise specified (EDNOS), feeding disorder, loss of
control (LOC) eating), individuals with obesity, individuals characterised by weight status (i.e.,
underweight, normal weight, overweight, obese), individuals on a weight loss programme,
individuals characterised by eating behaviour (e.g., emotional eating, eating restraint, diet), and
studies that categorised participants according to impulsivity but included an analysis of the

relationship between SST performance and eating/weight status.

Studies were excluded if the sample did not meet the above criteria, was comprised of animals, was
comprised of human participants with a psychiatric disorder without an assessment of
eating/weight status, participants with a neurological disorder or illness due to brain damage,
participants with anorexia/cachexia due to other medical illness (e.g., cancer), participants
characterised by drinking behaviour without concurrent comparison of eating behaviour (e.g.,
alcohol intake: social drinkers, binge drinkers, alcoholics), participants with a genetic disorder
(e.g., phenylketonuria, PKU), studies assessing relatives of individuals with an ED or obesity with
no reference to the relationship between inhibitory control and the participants’ eating/weight, or
studies only assessing exercise without additional reporting of eating behaviours or weight. Meta-
analyses and systematic reviews were not included in the narrative synthesis, though studies
referenced within the reviews were assessed for eligibility. Theses and conference abstracts were

excluded.

2.3.1. The stop signal task (SST)

The SST is a behavioural measure of reactive inhibition that assesses an individual’s ability to

inhibit an already initiated response (Logan, 1994; Logan and Cowan, 1984). Computational
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2)

models of the SST, based on a horse-race model of two competitive and independent go and stop
mechanisms (Logan and Cowan, 1984), have been used to estimate the speed of the putative
inhibitory process (Robbins, 2007). The SST involves two concurrent tasks that are assumed to be
underscored by two independent ‘going’ and ‘stopping’ processes: a go task, typically choice
reaction time (RT) task, in which participants are asked to respond to a target (e.g., location of a
stimulus), and a stop task, in which stop signals (e.g., an auditory tone or red dot) are presented at a
variable delay after the onset of the go target to indicate that the response should be withheld. In
most studies, stop signals are present on approximately 25% of the go trials to encourage rapid
responding. In the SST, the delay between stop and go signals is adjusted in a stepwise manner to
directly influence the difficulty of response inhibition, and to ascertain the delay that enables
successful inhibition on approximately 50% of the stop trials, referred to as the stop signal delay
(SSD). For example, the delay will increase in 50ms increments to increase the difficulty of

withholding a response, and will decrease after unsuccessful stops to facilitate inhibition.

This review only included studies using a variant of the SST described above. This was to
specifically assess action cancellation, i.e., cancellation of an already initiated response, compared
to action restraint as measured by tasks such as the GNG in which either a go or no-go stimulus is
presented on each trial (Lawrence et al., 2015b). The classification of the task as an eligible version

of the SST was based on the following criteria:

Stop signals that occur on a ‘go’ trial of a simple reaction time (RT) task (e.g., an auditory tone
presented at a variable delay after the go target).

The stop signal was presented at a variable delay after the go target.

Studies may report a range of outcome measures from this task, the most common being the SSD,
the probability of failed inhibition, the latency of correct responses (usually measured by mean or

median RT on go trials), and the stop signal reaction time (SSRT). The SSRT is calculated by
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subtracting the SSD (the delay between target and stop signal onset that is dynamically adjusted to
enable successful inhibition on approximately 50% of the stop trials) from the mean reaction time

(MRT) on go trials, although the median reaction time has also been used in place of the MRT. The
SSRT is thought to be an index of impulsivity, with longer SSRTs indicative of greater impulsivity,

and therefore poorer inhibitory control.

3. RESULTS:

A total of 321 studies were identified through database searching. After screening titles and
abstracts, the full manuscript of 148 articles were assessed for eligibility. Of these, 44 studies were
identified as meeting eligibility criteria. Hand-search and review of articles citing the eligible
studies and relevant titles identified in the reference lists yielded an additional 14 articles deemed
eligible for inclusion, resulting in a total of 58 articles included in the final narrative synthesis (see

Figure 1).

Records were classified into two outcome categories: a) studies that assessed the relationship

between eating/weight and inhibitory control as measured by the SST and b) studies that

manipulated the SST procedure to influence inhibitory control ability.

[Insert Figure 1]

3.1. Study characteristics

A total of 62 studies from 58 journal articles were included. Of these, 51 studies assessed the
relationship between eating or weight-related behaviours and performance on the SST. Of these, 8
studies included a sample of individuals with an ED (1 in youths), 19 studies included a sample
categorised by weight status (10 in youths), 7 studies assessed defined non-clinical eating

behaviours including LOC eating, dieting status and restrained eating (1 in youths), and 17 studies
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explored this relationship in healthy individuals not characterised by a particular eating or weight-
related behaviour (1 in youths). Data extracted from these studies are presented in table 1. A further
11 studies from 8 articles involved a manipulation of the SST to assess the possibility of altering
inhibitory control abilities. Of these, 1 study was conducted in obese youths as part of a residential
treatment for obesity, 2 studies were conducted in adults categorised by non-clinical eating
behaviours, and 9 studies were conducted in healthy adults not otherwise categorised by eating or

weight behaviour. Data from these studies are presented in table 2.

3.2. Main findings: the relationship between eating/weight and SST performance

3.2.1. Eating disorders

Eight studies compared SST performance between people with an ED and healthy individuals
without an ED. Five reported no differences in behavioural SST measures such as the SSRT, MRT
and accuracy between adult ED and HC groups: between AN-R, AN-BP, BN and HC (Claes et al.,
2006), individuals recovered from AN (AN-rec) and HC (Oberndorfer et al., 2011), BED and
matched HC (Mole et al., 2015; Wu et al., 2013a), a mixed ED sample (BN and EDNOS)
compared to HC (Boisseau et al., 2012) and one study reported no differences in adolescents with
AN compared to HC (Wierenga et al., 2014a). In contrast, higher SSRT have been reported in
individuals with both AN subtypes (Galimberti et al., 2012), BN (Wu et al., 2013a) and BED
(Svaldi et al., 2014) compared to HC. No study reported differences in mean reaction time,
suggesting any deficits in inhibitory control (as indicated by the SSRT) are not due to impairments
in motor response. In one study, reduced performance accuracy on go trials has been observed in
BN (Galimberti et al., 2012). Two neuroimaging studies revealed reduced recruitment of medial
frontal regions on difficult trials of the SSRT in small samples of adult women recovered from AN
(Oberndorfer et al., 2011) and adolescents with current AN (Wierenga et al., 2014a), with no neural
differences on easy trials nor any behavioural differences in accuracy or MRT. Finally, SSRT was

observed to correlate with eating pathology (Svaldi et al., 2014; Wu et al., 2013a) and BMI ((trend)
13



Mole et al., 2015) for individuals with BED, whereas no correlations between eating/weight and

SSRT were observed in individuals with AN or BN (Galimberti et al., 2012; Wu et al., 2013a).

3.2.2. \Weight status

Nineteen studies (10 in child/adolescent samples) explored the relationship between SST
performance and BMI/weight status. In both adults and adolescents, the findings were largely
inconsistent. Three studies reported greater SSRTs in obese adults (Chamberlain et al., 2015; Mole
et al., 2015) and overweight adults (Houben et al., 2014) compared to HC. In contrast, six studies
found no overall differences in SSRT between normal weight HC and overweight (Chamberlain et
al., 2015; Nederkoorn, 2014) or obese adults (Grant et al., 2015; Hendrick et al., 2012; Lawyer et
al., 2015; Nederkoorn et al., 2006¢). Similarly, while some studies reported greater SSRT in obese
(Kulendran et al., 2014; Nederkoorn et al., 2006a) and overweight ((trend) Nederkoorn et al., 2012;
Verbeken et al., 2009) youth, this was not consistent (Fields et al., 2013; Guerrieri et al., 2008b;
Lokken et al., 2009). While one study revealed obese adults who do not binge eat to show greater
SSRTs compared to individuals with BED (Mole et al., 2015), such findings did not translate to
children, with no difference observed between obese individuals who do or do not binge eat
(Nederkoorn et al., 2006a). Furthermore, two studies revealed that SSRTs were higher in
overweight children (Nederkoorn et al., 2012) and adults (Houben et al., 2014) compared to HC
only on food-specific trials of the SST or in later but not earlier blocks of the SST (Guerrieri et al.,
2008b; Nederkoorn et al., 2006¢). This suggests that deficient inhibitory control emerges in
overweight individuals once cognitive resources begin to deplete, or that any inhibitory control
deficits are specific to food-related contexts. No differences in MRT were reported in the majority
of studies except for one, which revealed longer reaction times in obese compared to normal
weight adults (Grant et al., 2015), suggesting that on the whole, poorer inhibitory control was not

due to differences in general motor responding.
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Correlational and regression analyses revealed SSRT to be relatively consistently related to and
predictive of weight/BMI status in overweight/obese adults (Chamberlain et al., 2015; Mole et al.,
2015 (trend)), and children (Kulendran et al., 2014; Levitan et al., 2015), however this was not
observed in all studies (Lawyer et al., 2015; Lokken et al., 2009). Moreover, Levitan et al. (2015)
found that this may only be the case for females of a pre-school age rather than for males, and two
studies did not observe an association between SSRT and BMI or weight status (Allom and
Mullan, 2014; Lawyer et al., 2015). A further three studies have revealed that SSRT correlated with
or predicted weight loss during treatment (Kulendran et al., 2014; Nederkoorn et al., 2006a;
Nederkoorn et al., 2006b). In an influential study, Nederkoorn et al. (2006b) found that impulsivity
was related to weight change, defined as the change in percentage overweight, in overweight
children enrolled in an 8-week behavioural weight-loss intervention: children with the highest
percentage overweight were the most impulsive and lost the least percentage overweight, and

change in percentage overweight was predicted by SSRT.

With regards to food/eating-related behaviours, SSRT had no main effect or interaction with weight
status in adults on attention bias towards food in adults (Bongers et al., 2015), or on food intake
(Guerrieri et al., 2008b) or BMI (Fliers et al., 2013) in children. However, in adults, SSRT did have
a main effect on number of calories purchased from a virtual supermarket (Nederkoorn, 2014), and
interacted with weight status: better inhibitory control was associated with greater purchasing of
snack calories in the context of promotional advertising in overweight but not healthy weight
individuals (Nederkoorn, 2014). Moreover, SSRT has been reported by two studies to predict food
consumption: specifically, SSRT predicted saturated fat intake but not fruit or vegetable
consumption in adults (Allom and Mullan, 2014), and predicted sugar and carbohydrate intake but

not total calorie, protein or fat intake in pre-school children (Levitan et al., 2015).

One study used neuroimaging to compare neural recruitment during the SST between obese and
normal weight adults (Hendrick et al., 2012). It reported that in the absence of differences in

15



behavioural performance, obese individuals showed reduced recruitment of regions that were more
active during stop compared to go trials (including the cuneus, insula, SMA and IPC bilaterally)
than HC women. Moreover, recruitment of regions more active during stop than go trials inversely
correlated with BMI across obese and normal weight females (Hendrick et al., 2012), suggesting

less efficient inhibitory control with increasing BMI.

3.2.3. Other eating behaviours

SST was assessed in relation to a number of non-clinical eating behaviours in a total of 7 studies.
These included eating restraint, eating disinhibition, dieting status and emotional eating in adults,

and LOC eating in children.

Greater SSRTs were observed for restrained eaters (RE) compared to unrestrained eaters (URE)
(Dong et al., 2014; Nederkoorn et al., 2004). Additionally, one study reported lower SSDs in RE
compared to URE, and this finding was not affected by self-reported eating disinhibition (Leitch et
al., 2013). Moreover, Dong et al. (2014) revealed that SSRT correlated with regional homogeneity
(ReHo), an index of resting state brain activity, in RE only, observing a negative correlation with
the left DLPFC and a positive correlation with the left insula. No differences in SSRTs were found
between dieters and non-dieters (Meule et al., 2014) or between individuals with high or low
emotional eating (van Strien et al., 2014). SSRT was not found to correlate with emotional eating
(van Strien et al., 2014). Restraint and emotional eating were both found to interact with SSRT to
influence food intake but in the opposite directions: food intake was affected by emotional eating
only in individuals with high inhibitory control (van Strien et al., 2014), whereas caloric intake
correlated with dietary restraint only in individuals low in inhibitory control (i.e., high impulsive

participants, Jansen et al., 2009). No differences in mean RT were reported in any of the studies.

One study explored the relationship between LOC eating and SST performance (Hartmann et al.,

2013). It found no behavioural differences between adolescents who reported LOC eating
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compared to those who did not; however, greater go reaction time variability (GRTV, i.e., the range
of reaction times over all trials) after mood induction was observed only in the LOC eating group,
suggesting a reduced ability to maintain control over behaviour in the context of negative mood in

individuals exhibiting LOC eating.

3.2.4. Healthy individuals

Seventeen studies assessed the relationship between SST performance and a range of eating/weight

behaviours in healthy individuals, one of which was conducted in child samples.

Healthy individuals showed greater inhibitory control (i.e., lower SSRT) if they initiated
opportunistic snacking compared to non-initiators (Fay et al., 2015). Moreover, food exposure (via
a food-specific SST) impaired inhibitory control in unsuccessful but not successful weight

regulators (Houben et al., 2012).

The majority of studies found no main effect of SSRT on food intake (Guerrieri et al., 20073;
Guerrieri et al., 2007b; Hall et al., 2015; Lattimore and Mead, 2015), number of calories purchased
in a virtual supermarket (Giesen et al., 2012), acquisition or extinction of a conditioned craving or
liking response to chocolate (Papachristou et al., 2013) in healthy adults. This lack of effect was
not influenced by manipulation of eating restraint, either through eating instructions (Hall et al.,
2015) or food intake by a confederate (Hermans et al., 2013). Similarly, no association was found
between SSRT and weight change (Nederkoorn et al., 2010) or BMI (Haynes et al., 2015;
Nederkoorn et al., 2009; Wang et al., 2013) in university students, or with BMI in children
(Nederkoorn et al., 2015). Only one study found BMI to be correlated with accurate inhibition in

adults (Lowe et al., 2014).

In contrast, inhibitory control was found to moderate the effect of evaluative conditioning training

on food intake (Haynes et al., 2015) and the impact of automatic affective reactions on candy

17



consumption (Hofmann et al., 2009). For example, snack intake was reduced after pairing
unhealthy food words with negative compared to positive images in individuals with low but not
high inhibitory control (Haynes et al., 2015). SSRT also interacted with food exposure, as food
exposure impaired inhibitory control in high impulsive but not low impulsive individuals
(Lattimore and Mead, 2015). Similarly, SSRT interacted with sales promotion, with pricing
strategies having a greater impact on food purchase behaviour in individuals with poor inhibitory
control, particularly for high energy dense foods (Giesen et al., 2012). This suggests that while
SSRT may not have a main effect on non-clinical eating behaviour in healthy adults, it may affect
the way in which these eating behaviours are influenced by external factors: individuals with

poorer inhibitory control may be more vulnerable to cue-triggered unhealthy eating behaviours.

Some studies observed SSRT to be positively correlated with food intake (Guerrieri et al., 2007b;
Nederkoorn et al., 2009 (snack calories)) and predicted food intake (Guerrieri et al., 2007b;
Houben et al., 2012), however this was not consistent (Haynes et al., 2015; Hermans et al., 2013;
Lowe et al., 2014). Furthermore, this may only be the case for the food-specific but not general

SST (Houben et al., 2012), suggesting poor inhibitory control may be context-specific.

Lastly, hunger interacted with inhibitory control to influence food intake and food purchase in
healthy adults (Nederkoorn et al., 2009, studies 1 and 2), but not food intake in children. In healthy
children, SSRT influenced intake of HED foods: individuals with poor inhibitory control consumed
more high energy dense foods than individuals with better inhibitory control regardless of time of
testing (before/after lunch), with no difference observed for intake of MED or LED foods
(Nederkoorn et al., 2015). This suggests that for children, greater inhibitory control is required to
overcome the temptation to eat HED food, regardless of hunger, whereas this may be more

dependent on hunger in adults.

[Insert Table 1]
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3.3. Manipulating inhibitory control

3.3.1. Weight status

Verbeken et al. (2013) compared weight loss and neurocognitive changes in children towards the
end of an inpatient stay after receiving either care as usual (CAU) or CAU plus executive function
training (CAU-EF), including inhibitory control training using the SST. They did not find any
improvement in SST performance in the CAU-EF group, although the protocol for the SST was
adjusted by requiring participants to respond within a certain response time range. However,
despite not observing any changes in SST performance, children who received the CAU-EF
treatment showed improved maintenance of weight loss at 8-weeks post-treatment than children in
the CAU condition. While this suggests that executive function training can promote healthy eating

behaviours, the degree to which training in inhibition contributes to this result is unclear.

3.3.2. Other eating behaviours

Two studies manipulated state impulsivity in RE and both reported an interaction between dietary
restraint and inhibitory control in the absence of any main effects of either inhibition or restraint.
Houben and Jansen (2014) found that rewarding accurate performance impaired impulsivity and
increased food craving and consumption in RE, while reducing food intake and craving for URE.
Guerrieri et al. (2009) manipulated SST instructions to prioritise either the go or stop task (to
promote impulsivity or inhibitory control, respectively). They found that high and low restrained
non-dieters had greater food intake in the impulsivity compared to inhibition condition, whereas
the opposite was true for current dieters. However, they did not include a control manipulation, and
therefore it is unclear whether this difference in food intake was due to greater impulsivity in the

impulsivity condition or greater inhibitory control in the inhibition condition.
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3.3.3. Healthy individuals

Nine studies assessed the relationship between eating and impulsivity in young healthy adults by
manipulating inhibitory control (either in general or towards particular food stimuli) using the SST
and have reported mixed findings. Six observed reduced food intake behaviours after the SST was
manipulated to promote inhibition (Allom and Mullan, 2015 (study 1); Guerrieri et al., 2012;
Houben, 2011; Lawrence et al., 2015b (studies 1 and 2); Sellitto and di Pellegrino, 2014). For
example, Guerrieri et al. (2012) manipulated impulsivity and inhibition through SST instructions,
revealing significantly greater food intake by individuals trained in impulsivity compared to the
neutral and control (reading and summarising text) manipulations, with no difference in hunger or
BMI. Moreover, food that was more strongly associated with stopping on the SST were associated
with fewer impulsive choices in a hypothetical food choice task (Sellitto and di Pellegrino, 2014),
and were consumed less compared to control foods (equally associated with stopping and
responding) in individuals with poor inhibitory control (Houben, 2011), whereas individuals with
better inhibitory control ate more of the food associated with go trials compared to control foods

(Houben, 2011).

However this finding was inconsistent (Allom and Mullan, 2015 (study 2); Lawrence et al., 2015b
(study 3)), with some studies suggesting that such a training effect is specific to certain individuals
and contexts. Allom and Mullan (2015) conducted two studies assessing the impact of a 10 day
food-specific (stop trials paired only with unhealthy food images) and general (stop trials randomly
paired with healthy/unhealthy food images) inhibition training on BMI and fat intake, revealing a
decrease in BMI after the food-specific inhibition intervention in one study, but no effect of
intervention in the other. Finally, in a series of three studies, Lawrence et al. (2015b) compared the
effect of signal response, in which participants were either instructed to withhold their response,
provide two key presses, or respond to the go target as usual on signal trials, and assessed the
generalisability of inhibitory control training by varying the association between food/neutral

stimuli and signal trials. Again, results were mixed: less calories were consumed by individuals in
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the stop group compared to the double response group (study 1), with no interaction with dietary
restraint. This was subsequently found to be specific for foods strongly associated with the signal
for individuals high in dietary restraint (study 2), and this training effect was absent on a general
SST with no food stimuli, regardless of dietary restraint (study 3). Moreover, stop accuracy on food

trials was not associated with food intake (studies 1 and 2).

[Insert Table 2]

4. DISCUSSION

This systematic review is the first to synthesise the findings of studies that have assessed the
relationship between eating behaviour, weight and inhibitory control assessed by the SST. It has the
advantage of including a broad range of clinical and non-clinical groups, SST paradigm designs
(with respect to study aims [i.e., assessment/manipulation], trial type, stimuli [food/general], etc.)
and SST outcome measures (e.g., MRT, SSRT, neuroimaging/behavioural, etc.); this was done in
an attempt to reduce bias in the studies that were included. However, this heterogeneity in the
sample populations, task protocols and outcome measures precludes definitive conclusions on the
relationship between reactive inhibitory control and eating/weight. Thus, although a single
neurocognitive construct was assessed, the synthesis of the findings should be interpreted with
caution as differences may be due to methodological differences between studies. Future research

should aim to replicate or standardise the methodology and outcome measures.

4.1. Inhibitory control and eating disorders

The literature on the relationship between eating, weight and inhibitory control was largely
inconsistent. In EDs, there were insufficient studies to permit definitive conclusions. In accord with

previous reviews implicating poorer inhibitory control in bulimic-type EDs (Waxman, 2009;
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Wierenga et al., 2014b; Wu et al., 2013b), higher SSRTs (reflecting poorer inhibitory control) in
people who binge eat and/or purge were reported in three studies, although these individuals
belonged to different ED diagnostic categories. It appears, therefore, that poor reactive inhibition is
related to more impulsive symptoms (e.g., bingeing) in adults, characterised by strong urges and by
an experience of loss of control. However, in line with previous reviews (Van den Eynde et al.,
2011b), the majority of studies reported no behavioural differences in reactive inhibition in people
with an ED compared to HCs. Interestingly, however, while the meta-analysis by Wu et al. (2013b)
revealed a general and disorder-specific inhibitory control deficit in bulimic-type disorders and
BN, respectively, the authors note that the majority of the individual studies did not observe
impaired inhibitory control in their ED sample (17/25 studies exploring general stimuli and 14/20
studies exploring disorder-specific stimuli). Meta-analyses of SST performance in relation to each
ED will therefore be of interest in the future, after more studies employing the SST in ED samples
have surfaced. However, given the inconsistency across the findings in EDs, it seems likely that
reactive inhibition is not the only component of inhibitory control that contributes to symptom

presentation or development.

Neuroimaging studies in acutely ill and recovered AN samples revealed reduced medial prefrontal
activity during harder trials of inhibition in the absence of behavioural differences (Oberndorfer et
al., 2011; Wierenga et al., 2014a). This suggests that individuals with AN have a higher tonic state
of inhibitory control and/or may recruit higher cortical regions involved in cognitive control to a
lesser degree. This is consistent with the broad hypothesis that AN is maintained by an excessive
capacity for self-regulation (Brooks et al., 2012). Alternatively, these findings may reflect more
efficient control-related prefrontal activity or alterations in the neurocircuitry involved in inhibitory
control, e.g., greater reliance on other brain regions. Whole-brain functional connectivity analyses
are required to elucidate what drives these neural differences. However, as this was found across
ages and across illness states, altered prefrontal activity during the SST may reflect a persistent
trait or endophenotype. It will be of interest to establish whether such differences are present

22



before disorder onset, and also to assess the potential of inhibitory-control related prefrontal

activity as a biomarker of future illness (Bartholdy et al., 2015b; Bartholdy et al., 2015c).

4.2. Inhibitory control and weight status

The data on inhibitory control were inconsistent in relation to weight status. There were no obvious
differences between different weight categories in terms of SST performance, however a few
studies reported that poor inhibitory control emerged in later blocks of the SST. This suggests that
obese individuals have difficulty in maintaining inhibitory control, rather than a general
impairment. Moreover, obese and overweight participants have been reported to have poorer
inhibitory control on food-specific versions of the task (Guerrieri et al., 2008b; Nederkoorn et al.,
2006¢), indicating difficulties in inhibitory control but only in the context of food. This is in accord
with studies assessing other forms of inhibitory control, e.g., food compared to monetary
discounting tasks (e.g., Hendrickson and Rasmussen, 2013; Rasmussen et al., 2010), and may be
related to saliency, relevance of stimuli or motivation/reward. Moreover, this is consistent with a
observations that the interaction between food motivation and executive function had a greater

impact on eating behaviour than either factor alone (for rev., see Vainik et al., 2013).

In contrast to the above, inhibitory control was more consistently found to predict BMI/weight
status and weight change. Thus, inhibitory control (as assessed by the SST) may be an indicator of
individuals both at risk of developing unhealthy behaviours and those most likely to be
unresponsive to weight loss interventions. In addition, BMI negatively correlated with recruitment
of regions during stop trials requiring response inhibition (Hendrick et al., 2012), although no
behavioural differences were observed. Together, these findings suggest that there is a cause and
effect issue between inhibitory control and BMI. While there was some evidence for a relationship
between SSRT and food intake in normal weight to obese participants, this may be specific to

certain types of food and to the specificity of the SST (e.g., food-specific vs. general).
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4.3. Inhibitory control in healthy individuals

In healthy adults, inhibitory control was not associated with food intake. However, it did appear to
moderate the extent to which food intake and food purchasing were influenced by external factors
such as promotional advertising and food exposure. This suggests that individuals with poorer

inhibitory control may be more susceptible to engaging in unhealthy eating behaviours in the face

of triggers of temptation or desire (e.g., advertisements).

With regard to non-clinical eating behaviours, restrained eating was most consistently associated
with poor inhibitory control, and this appears to be related to altered resting activity in brain
regions implicated in inhibitory control. Thus, poorer inhibitory control (high SSRT) correlated
with reduced resting activity in the left DLPFC and greater resting activity in the insula (Dong et
al., 2014). Both regions have been identified as part of a core network of regions important to
many aspects of inhibitory control, although the DLPFC may be more related to the
implementation of task rules rather than the ability to stop outright (Aron et al., 2004; Aron et al.,
2014; Cai et al., 2014; Hare et al., 2009; Ridderinkhof et al., 2004). These areas have also been
implicated in appetitive regulation and EDs (Kaye, 2008; Kaye et al., 2013; Uher et al., 2004).
These findings therefore suggest reduced recruitment of higher-level control centres in restrained
eaters compared to unrestrained eaters. Moreover, the effects of inhibitory control training are most
pronounced in individuals exercising eating restraint. For example, rewarding accurate
performance is reported to lead to increased food consumption in restrained eaters (Houben et al.,
2014). Moreover, Pavlovian conditioning (i.e., associating food with a stop signal; Lawrence et al.,
2015b, study 2) and prioritising stopping (Guerrieri et al., 2009) is reported to lead to reduced food
intake in restrained eaters. However, these studies did not distinguish between individuals who
were successful at exercising restraint compared to unsuccessful restrained eaters. This may be
important as success may be underscored by inhibitory control ability. Restrained eaters frequently
report unsuccessful dieting and their efforts at restraint are often accompanied by periods of

overeating, particularly when they are disinhibited (Hofmann et al., 2014; Mann et al., 2007). This
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may be due to by poor inhibitory control in general, or temporary depletion of inhibitory resources
after sustained attempts at exercising dietary restraint (Lawrence et al., 2015a). In restrained eaters,
resources needed to exert self-control may be depleted during attempts at exercising restraint
(Muraven and Baumeister, 2000), and providing additional instructions or conditions (e.g., reward)
may overwhelm their remaining resources, leading to failed inhibition (Mohs and Heatherton, 2000;
Ward and Mann, 2000; however, see Inzlicht et al., 2014; and Stroebe et al., 2008). Thus,
restrained eaters may benefit from SST manipulations that promote inhibition implicitly through
conditioned associations or simple instructions, rather than through explicit demands and

performance feedback that may increase stress or pressure experienced during the training.

In addition to restrained eaters, manipulating inhibitory control using the SST appears to influence
eating and weight behaviours in non-clinical adult groups but this does not appear to be due to
general inhibitory control ability, as the main effects of inhibitory control were not often observed
(Allom and Mullan, 2015 (studies 1 and 2); Guerrieri et al., 2009; Houben, 2011; Lawrence et al.,
2015b (studies 2 and 3)). These findings are in accord with inhibitory control training using food-
specific variations of the go/no-go tasks, that have reported success in reducing appetitive
behaviour towards foods frequently paired with stop signals in individuals with non-clinical eating
behaviours (Houben and Jansen, 2011, 2015; Lawrence et al., 2015a; van Koningsbruggen et al.,
2014; Veling et al., 2011; Veling et al., 2013; Veling et al., 2014). However, the generalisability of
these collective inhibitory control training interventions to non-conditioned foods or to other eating

behaviours (e.g., clinical eating behaviours and modification of weight status) is not clear.

4.4. Clinical implications

Neurocognitive training may have potential in treating obesity and EDs, particularly those
involving binge eating episodes. One published study has assessed inhibitory control training using
the SST in obesity (Verbeken et al., 2013), with independent research ongoing (e.g., Halberstadt et

al., 2013); however, no studies have attempted to train inhibitory control using the SST in EDs.
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Nonetheless, several other techniques for altering impulsivity are currently under investigation in
both EDs and obesity. These include non-invasive computerised paradigms, such as attentional bias
modification protocols (Boutelle et al., 2014; Kemps et al., 2014; Renwick et al., 2013), that
experimentally manipulate changes in attentional processes to manipulate eating behaviour. In
addition, the potential of brain stimulation techniques that can alter the activity of specified brain
regions is under investigation (Bartholdy et al., 2015a; Bartholdy et al., 2013; Bou Khalil and El
Hachem, 2014; Schmidt and Campbell, 2013; Truong et al., 2013; Val-Laillet et al., 2015). These
neuromodulation techniques show promise in treating both symptoms and food craving (Kekic et
al., 2014), EDs (Khedr et al., 2014; Lipsman et al., 2013; McClelland et al., 2013a; McClelland et
al., 2013b; McClelland et al., 2015; Pires Baczynski et al., 2014; Van den Eynde et al., 20113a; Van
den Eynde et al., 2010; Van den Eynde et al., 2013) and overweight or obesity (Frank et al., 2012;
Gluck et al., 2015; Montenegro et al., 2012). In addition, medications are being explored as
potential neurochemical modulators of inhibitory control (e.g., for review see Chamberlain et al.,
2011). Selective monoamine reuptake inhibitors such as atomoxetine (Chamberlain et al., 2009;
Kehagia et al., 2014) and citalopram (Ye et al., 2014; Ye et al., 2016), psychostimulants such as
methylphenidate (Aron et al., 2003; Nandam et al., 2011; Pauls et al., 2012) and wakefulness-
promoting medication such as modafinil (Turner et al., 2004; Turner et al., 2003) have shown early
evidence of improving inhibitory control, demonstrated by SST performance, in healthy
volunteers, and individuals with attention deficit/hyperactivity disorder (ADHD) or Parkinson’s
disease, although null effects of these medications on SST performance have also been reported
(Costa et al., 2013; Nandam et al., 2011; Winder-Rhodes et al., 2009). Future studies may wish to
assess whether such neuromodulatory techniques and psychotropic medication can alter inhibitory
control to improve or regulate eating behaviour, and the possible additive effect of such

interventions with behavioural training paradigms.

26



4.5. Theoretical considerations

Two concepts appear to be closely related to inhibitory control: impulsivity and compulsivity.
There is, however, often confusion between these terms, their definition and how they relate.
Inhibitory control is the ability to withhold inappropriate responses. Impulsivity is a broad, multi-
faceted term that refers to the tendency to act prematurely without foresight (Dalley et al., 2011).
Compulsivity, on the other hand, refers to the persistence of inappropriate behaviours that often
result in negative consequences (Dalley et al., 2011; Robbins et al., 2012). Although traditionally
impulsivity and compulsivity were considered antonyms, both are considered to result in part from
failed inhibitory control, and more recently have been viewed as orthogonal/overlapping concepts
(Sohn et al., 2014), reflecting different stages of behavioural control: impulsivity relating to action
initiation, and compulsivity relating to action termination (Robbins et al., 2012). When developing
transdiagnostic frameworks, attempts have been made to examine and discuss these three concepts
together. Poor inhibitory control has been implicated in a range of impulsive and compulsive
psychiatric disorders that have high comorbidity with EDs and obesity, including obsessive
compulsive disorder (OCD), schizophrenia, ADHD and substance abuse (e.g., for rev., see
Chamberlain et al., 2005; Dawe and Loxton, 2004; Lipszyc and Schachar, 2010; Verbruggen and
Logan, 2008). Thus, poor inhibitory control may act as a vulnerability factor for a range of
psychiatric conditions, and may present a useful concept for transdiagnostic investigations.
However, further investigation is needed to determine the precise mechanisms that are involved in
each of these discrete conditions and their symptoms, and how these are specifically related to
impulsivity and compulsivity. EDs and obesity are characterised by both impulsive and compulsive
features (e.g., spontaneous or planned bingeing and purging episodes, inability to control urges,
LOC eating, compulsive overeating, compulsive exercise, body/calorie checking, ruminative
thinking and difficulties in coping with thoughts/decisions) (e.g., Claes et al., 2002; Dawe and
Loxton, 2004; Engel et al., 2005; Robbins et al., 2012). This is not a new observation: 20 years
ago, EDs were proposed to be included in a spectrum of disorders characterised by obsessive-

compulsive and impulsive traits, jointly termed obsessive compulsive spectrum disorders (McElroy
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etal., 1994). However, it will be of interest to determine how and which elements of inhibitory

control relate to the individual impulsive and compulsive features of EDs and obesity.

The SST assesses the capacity for action cancellation; one element of reactive motor inhibitory
control. Performance on this task is often interpreted in the context of impulsivity, with poor
inhibitory control thought to reflect impulsive action (Dalley et al., 2011). As discussed above,
such an interpretation is controversial as, in addition to impaired inhibitory control, impulsivity
requires the co-occurrence of a strong desire, urge or habit to initiate a response. However, it can
be argued that as the typical SST paradigm is predominantly comprised of ‘go’ trials requiring a
response, the task does elicit some urge to respond, though whether this can be considered

sufficient for the definition of impulsivity to be used is still a matter of debate.

Inhibitory control in the SST has also been proposed to reflect compulsivity, on the basis that the
task measures the ability to inhibit an already initiated response (Robbins et al., 2012). Although
the paradigm is designed so that the participant’s stop accuracy converges at 50%, the inability to
achieve this rate of inhibition may reflect compulsivity: non-convergence either through persistent
inhibition (i.e., waiting for the stop signal on each trial) or persistent reaction (i.e., inability to
withhold the response). However, it is arguable that in the context that the task was completed
correctly (i.e., the participant achieved ~50% correct inhibition), the task may not sufficiently
capture drive or habit for persistent inappropriate responding that is reflective of compulsivity. Set-
shifting tasks or tasks assessing proactive strategic adjustment of behaviour may be more
appropriate for investigations of compulsivity, as perseveration of inappropriate behaviour is
explicitly assessed. However, this review has sought to include comment on compulsivity by
including findings regarding both go and stop accuracy, and exploration of the relationship
between SST performance and a number of compulsive eating and weight-control behaviours, e.g.,
binge eating and LOC eating. Thus, it can be used as a starting point for discussions of the
involvement of compulsivity in unhealthy eating behaviours.
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4.6. Methodological considerations

There are a few methodological issues to consider with respect to both the included studies and the
present review. With regards to the included studies, a gender bias was most prominent amongst
studies assessing inhibitory control in EDs (with the exception of Mole et al., 2015), and in relation
to other non-clinical eating behaviours. Thus it is unclear whether findings can be generalised to
clinical or non-clinical eating behaviours in males. Similarly, all of the non-clinical adult studies
were conducted on university students and staff, which may introduce sampling bias and prohibit
generalisation to the whole community. Manipulation studies were also composed of
predominantly female university students and staff. Given their years in education, these
individuals are expected to already possess good executive skills (including inhibition), leaving
little room for improvement through behavioural training: this may explain the lack of a direct
effect of training on response inhibition. Studies in non-clinical populations did not consistently
distinguish individuals who were within the normal weight range (BMI of 18.5-25kg/m?) to those
outside of this range. Some included individuals who were underweight in their healthy weight
group (Houben et al., 2014), whereas others included individuals who were obese, with BMlIs of
over 30kg/m? (e.g., Houben, 2011; Houben and Jansen, 2014). In one study in older adults, almost
half of the sample (47.6%) were overweight/obese (Hall et al., 2015). Moreover, some studies did
not report the BMI range of the sample (e.g., Guerrieri et al., 2007a; Nederkoorn et al., 2004; van
Strien et al., 2014). This is important, as it obscures our ability to assess the association between

weight and inhibitory control.

With respect to the design of the present review, as a consequence of the few limitations placed on
the inclusion criteria (with regard to study design, outcome measures, study sample and study
quality), there was large heterogeneity in the studies and this hampered the ability to compare and
integrate findings and to draw meaningful conclusions. For example, this review has included
studies of children and adolescents, as well as adults. While a similar number of studies assessing

the relationship between SST performance and weight status were conducted in adult and youth
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samples, very few studies assessed the SST in relation to EDs or non-clinical eating behaviours in
youths, or in healthy youths. Thus, it is unclear whether findings are specific to children,
adolescents or adults. However, with respect to weight status, similar findings were observed in
youth and adult samples, suggesting that the association between SST performance and
BMI/weight status is consistent across ages. In addition, this review did not include animal studies,
those that were not reported in English, conference abstracts or dissertations not published in
journals, and therefore may have missed findings that might have influenced the present
conclusions. Furthermore, this review did not assess the possible impact of other psychiatric
problems characterised by poor inhibitory control, such as ADHD, addiction or substance abuse.
As these are often comorbid with EDs and obesity, and because symptoms of inattention,
hyperactivity and substance addiction (e.g., smoking) are quite common in the general public, it is
important to establish whether these comorbid symptoms explain the presence of alterations in
inhibitory control and/or the relationship between inhibitory control and eating behaviours or

weight.

4.7. Conclusions

There is evidence for impaired reactive inhibition in restrained eaters, and to some degree in EDs
that are characterised by binge episodes. In obesity, poor inhibitory control may be specific to the
maintenance of inhibitory control, rather than a general impairment. Altering inhibitory control by
manipulating SST instructions can generalise to eating/weight behaviours, particularly in restrained
eaters. Only one study has assessed the impact of manipulating inhibitory control using the SST in
obese individuals, while no such studies have been conducted in ED populations. It is suggested
that studies should examine whether training to improve inhibitory control can be used as a cost-
effective treatment adjunct that can reduce bulimic symptoms in ED and/or improve weight loss in
obesity. However, for EDs in particular, the inconsistent findings suggest that reactive inhibition
alone does not explain the lack of control associated with symptom presentation. It is likely that a

combination of inhibitory control components contribute, including, for example, proactive
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inhibition or motivational inhibitory control (e.g., delaying gratification). Future reviews could
assess the independent contribution of other inhibitory control components to various eating and
weight-related states and behaviours. In addition, future studies may wish to assess multiple
inhibitory components using several neuropsychological paradigms to explore which types of
inhibitory control are related to the different eating/weight behaviours. Inhibitory control should
also be examined using a longitudinal approach to explore whether altered reactive inhibitory
control is a trait marker of various eating and weight-related behaviours, such as in restrained
eaters. Finally, more neuroimaging studies of reactive inhibition in EDs are warranted as the
limited number of existing neuroimaging studies using the SST suggest that the neural systems
underlying inhibitory control may be altered, which may not be reflected at a behavioural level.
Thus, altered neural activity associated with performance on the SST may be an endophenotype
that has use, for example, as a construct that could aid diagnostic classification, or be a biomarker
of future illness development (Bartholdy et al., 2015b; Bartholdy et al., 2015c) or treatment
response (Bartholdy et al., 2015a; Kulendran et al., 2014; Nederkoorn et al., 2006a; Nederkoorn et

al., 2006b).

5. Authors’ contributions

SB conceived the study and drafted the manuscript. SB and BLD conducted the search and
extracted the data. BLD, OOD, ICC and US revised the manuscript critically for important
intellectual content. All authors contributed to the design, conception, drafting, critiquing and

approving of the manuscript, and accept responsibility for the accuracy and integrity of this work.

6. Conflicts of interest

The authors report no conflicts of interest.

31



7. Acknowledgements

Savani Bartholdy is supported by a studentship awarded by the NIHR Mental Health Biomedical
Research Centre (BRC) at the South London and Maudsley NHS Foundation Trust and Institute of
Psychiatry, Psychology and Neuroscience, King’s College London. Ulrike Schmidt receives salary
support from the BRC. Owen O’Daly receives salary support from the NIHR. The views expressed
are those of the author(s) and not necessarily those of the NHS, the NIHR or the Department of
Health. The authors would like to thank Dr Jennifer Svaldi, Dr Florian Schmidt, Prof Andrea
Hartmann and Dr Jutka Halberstadt for their personal correspondence during the writing of this

manuscript, and Ms Elena Boysen for her assistance.

32



8. References

Allom, V., Mullan, B., 2014. Individual differences in executive function predict distinct eating behaviours.

Appetite, 80, 123-130. http://dx.doi.org/10.1016/j.appet.2014.05.007.

Allom, V., Mullan, B., 2015. Two inhibitory control training interventions designed to improve eating
behaviour and determine mechanisms of change. Appetite, 89, 282-290.

http://dx.doi.org/10.1016/j.appet.2015.02.022.

Aron, A.R., 2007. The neural basis of inhibition in cognitive control. Neuroscientist, 13, 214-228.

http://dx.doi.org/10.1177/1073858407299288.

Aron, A.R., 2011. From reactive to proactive and selective control: developing a richer model for stopping
inappropriate responses. Biol Psychiatry, 69, e55-e68.

http://dx.doi.org/10.1016/j.biopsych.2010.07.024.

Aron, A.R., Dowson, J.H., Sahakian, B.J., Robbins, T.W., 2003. Methylphenidate improves response
inhibition in adults with attention-deficit/hyperactivity disorder. Biol Psychiatry, 54, 1465-1468.

http://dx.doi.org/10.1016/S0006-3223(03)00609-7.

Aron, A.R., Robbins, T.W., Poldrack, R.A., 2004. Inhibition and the right inferior frontal cortex. Trends

Cogn Sci, 8, 170-177. http://dx.doi.org/10.1016/j.tics.2004.02.010.

Aron, A.R., Robbins, T.W., Poldrack, R.A., 2014. Inhibition and the right inferior frontal cortex: one decade

on. Trends Cogn Sci, 18, 177-185. http://dx.doi.org/10.1016/j.tics.2013.12.003.

Bari, A., Robbins, T.W., 2013. Inhibition and impulsivity: Behavioral and neural basis of response control.

Prog Neurobiol, 108, 44-79. http://dx.doi.org/10.1016/j.pneurobio.2013.06.005.

Bartholdy, S., McClelland, J., Kekic, M., O'Daly, O.G., Campbell, I.C., Werthmann, J., Rennalls, S.J., Rubia,
K., David, A.S., Glennon, D., Kern, N., Schmidt, U., 2015a. Clinical outcomes and neural
correlates of 20 sessions of repetitive transcranial magnetic stimulation in severe and enduring
anorexia nervosa (the TIARA study): protocol for a randomized controlled feasibility trial. Trials,

16, 548. http://dx.doi.org/10.1186/s13063-015-1069-3.

33


http://dx.doi.org/10.1016/j.appet.2014.05.007
http://dx.doi.org/10.1016/j.appet.2015.02.022
http://dx.doi.org/10.1177/1073858407299288
http://dx.doi.org/10.1016/j.biopsych.2010.07.024
http://dx.doi.org/10.1016/S0006-3223(03)00609-7
http://dx.doi.org/10.1016/j.tics.2004.02.010
http://dx.doi.org/10.1016/j.tics.2013.12.003
http://dx.doi.org/10.1016/j.pneurobio.2013.06.005
http://dx.doi.org/10.1186/s13063-015-1069-3

Bartholdy, S., Musiat, P., Campbell, I.C., Schmidt, U., 2013. The potential of neurofeedback in the treatment
of eating disorders: A review of the literature. Eur Eat Disord Rev, 21, 456-463.

http://dx.doi.org/10.1002/erv.2250.

Bartholdy, S., O'Daly, O., Campbell, I., Schumann, G., Schmidt, U., 2015b. Neural basis of impulsivity as a
marker of disordered eating in adolescents. Eur Neuropsychopharmacol, 25, S78-S79.

http://dx.doi.org/10.1016/S0924-977X(15)30009-2.

Bartholdy, S., O'Daly, O., Campbell, I.C., Schumann, G., Schmidt, U., Consortium, 1., 2015c. S.15.07 Neural
correlates of impulsivity as a marker of disordered eating in adolescents. Eur

Neuropsychopharmacol, 25, Supplement 2, S135. http://dx.doi.org/10.1016/S0924-

977X(15)30081-X.

Biederman, J., Ball, S.W., Monuteaux, M.C., Surman, C.B., Johnson, J.L., Zeitlin, S., 2007. Are girls with
ADHD at risk for eating disorders? Results from a controlled, five-year prospective study. J Dev

Behav Pediatr, 28, 302-307. http://dx.doi.org/10.1097/DBP.0b013e3180327917.

Bissett, P.G., Evan Nee, D., Jonides, J., 2009. Dissociating Interference-Control Processes between Memory
and Response. J Exp Psychol Learn Mem Cogn, 35, 1306-1316.

http://dx.doi.org/10.1037/a0016537.

Boisseau, C.L., Thompson-Brenner, H., Caldwell-Harris, C., Pratt, E., Farchione, T., Barlow, D.H., 2012.
Behavioral and cognitive impulsivity in obsessive-compulsive disorder and eating disorders.

Psychiatry Res, 200, 1062-1066. http://dx.doi.org/10.1016/j.psychres.2012.06.010.

Bongers, P., Van de Giessen, E., Roefs, A., Nederkoorn, C., Booij, J., Van den Brink, W., Jansen, A., 2015.

Being impulsive and obese increases susceptibility to speeded detection of high-calorie foods.

Health Psychol, 34, 677-685. http://dx.doi.org/10.1037/hea0000167.
Bou Khalil, R., EI Hachem, C., 2014. Potential role of repetitive transcranial magnetic stimulation in obesity.

Eat Weight Disord, 19, 403-407. http://dx.doi.org/10.1007/s40519-013-0088-x.

Boulinguez, P., Ballanger, B., Granjon, L., Benraiss, A., 2009. The paradoxical effect of warning on reaction
time: demonstrating proactive response inhibition with event-related potentials. Clin Neurophysiol,

120, 730-737. http://dx.doi.org/10.1016/j.clinph.2009.02.167.

34


http://dx.doi.org/10.1002/erv.2250
http://dx.doi.org/10.1016/S0924-977X(15)30009-2
http://dx.doi.org/10.1016/S0924-977X(15)30081-X
http://dx.doi.org/10.1016/S0924-977X(15)30081-X
http://dx.doi.org/10.1097/DBP.0b013e3180327917
http://dx.doi.org/10.1037/a0016537
http://dx.doi.org/10.1016/j.psychres.2012.06.010
http://dx.doi.org/10.1037/hea0000167
http://dx.doi.org/10.1007/s40519-013-0088-x
http://dx.doi.org/10.1016/j.clinph.2009.02.167

Boutelle, K.N., Kuckertz, J.M., Carlson, J., Amir, N., 2014. A pilot study evaluating a one-session attention
modification training to decrease overeating in obese children. Appetite, 76, 180-185.

http://dx.doi.org/10.1016/j.appet.2014.01.075.

Brooks, S.J., Rask-Andersen, M., Benedict, C., Schitth, H.B., 2012. A debate on current eating disorder
diagnoses in light of neurobiological findings: is it time for a spectrum model? BMC Psychiatry,

12, 76. http://dx.doi.org/10.1186/1471-244X-12-76.

Cai, W.,, Cannistraci, C.J., Gore, J.C., Leung, H.-C., 2014. Sensorimotor-independent prefrontal activity
during response inhibition. Hum Brain Mapp, 35, 2119-2136.

http://dx.doi.org/10.1002/hbm.22315.

Chamberlain, S.R., Blackwell, A.D., Fineberg, N.A., Robbins, T.W., Sahakian, B.J., 2005. The
neuropsychology of obsessive compulsive disorder: the importance of failures in cognitive and
behavioural inhibition as candidate endophenotypic markers. Neurosci Biobehav Rev, 29, 399-4109.

http://dx.doi.org/10.1016/j.neubiorev.2004.11.006.

Chamberlain, S.R., Derbyshire, K.L., Leppink, E., Grant, J.E., 2015. Obesity and dissociable forms of

impulsivity in young adults. CNS Spectr, 20, 1-8. http://dx.doi.org/10.1017/S1092852914000625.

Chamberlain, S.R., Hampshire, A., Miller, U., Rubia, K., Del Campo, N., Craig, K., Regenthal, R.,
Suckling, J., Roiser, J.P., Grant, J.E., 2009. Atomoxetine modulates right inferior frontal activation
during inhibitory control: a pharmacological functional magnetic resonance imaging study. Biol

Psychiatry, 65, 550-555. http://dx.doi.org/10.1016/j.biopsych.2008.10.014.

Chamberlain, S.R., Robbins, T.W., Winder-Rhodes, S., Miller, U., Sahakian, B.J., Blackwell, A.D., Barnett,
J.H., 2011. Translational Approaches to Frontostriatal Dysfunction in Attention-
Deficit/Hyperactivity Disorder Using a Computerized Neuropsychological Battery. Biol

Psychiatry, 69, 1192-1203. http://dx.doi.org/10.1016/j.biopsych.2010.08.019.

Claes, L., Nederkoorn, C., Vandereycken, W., Guerrieri, R., Vertommen, H., 2006. Impulsiveness and lack of
inhibitory control in eating disorders. Eat Behav, 7, 196-203.

http://dx.doi.org/10.1016/j.eatbeh.2006.05.001.

35


http://dx.doi.org/10.1016/j.appet.2014.01.075
http://dx.doi.org/10.1186/1471-244X-12-76
http://dx.doi.org/10.1002/hbm.22315
http://dx.doi.org/10.1016/j.neubiorev.2004.11.006
http://dx.doi.org/10.1017/S1092852914000625
http://dx.doi.org/10.1016/j.biopsych.2008.10.014
http://dx.doi.org/10.1016/j.biopsych.2010.08.019
http://dx.doi.org/10.1016/j.eatbeh.2006.05.001

Claes, L., Vandereycken, W., Vertommen, H., 2002. Impulsive and compulsive traits in eating disordered

patients compared with controls. Pers Individ Dif, 32, 707-714. http://dx.doi.org/10.1016/S0191-

8869(01)00071-X.

Costa, A., Riedel, M., Pogarell, O., Menzel-Zelnitschek, F., Schwarz, M., Reiser, M., Mdéller, H.-J., Rubia,
K., Meindl, T., Ettinger, U., 2013. Methylphenidate Effects on Neural Activity During Response
Inhibition in Healthy Humans. Cereb Cortex, 23, 1179-1189.

http://dx.doi.org/10.1093/cercor/bhs107.

Criaud, M., Wardak, C., Ben Hamed, S., Ballanger, B., Boulinguez, P., 2012. Proactive inhibitory control of
response as the default state of executive control. Front Psychol, 3, 59.

http://dx.doi.org/10.3389/fpsyq.2012.00059.

Cyders, M.A., Coskunpinar, A., 2011. Measurement of constructs using self-report and behavioral lab tasks:
Is there overlap in nomothetic span and construct representation for impulsivity? Clin Psychol Rey,

31, 965-982. http://dx.doi.org/10.1016/j.cpr.2011.06.001.

Dalley, J.W., Everitt, B.J., Robbins, T.W., 2011. Impulsivity, compulsivity, and top-down cognitive control.

Neuron, 69, 680-694. http://dx.doi.org/10.1016/j.neuron.2011.01.020.

Dawe, S., Loxton, N.J., 2004. The role of impulsivity in the development of substance use and eating

disorders. Neurosci Biobehav Rev, 28, 343-351. http://dx.doi.org/10.1016/j.neubiorev.2004.03.007.

Dong, D., Lei, X., Jackson, T., Wang, Y., Su, Y., Chen, H., 2014. Altered regional homogeneity and efficient
response inhibition in restrained eaters. Neuroscience, 266, 116-126.

http://dx.doi.org/10.1016/j.neuroscience.2014.01.062.

Engel, S.G., Corneliussen, S.J., Wonderlich, S.A., Crosby, R.D., le Grange, D., Crow, S., Klein, M.,
Bardone-Cone, A., Peterson, C., Joiner, T., 2005. Impulsivity and compulsivity in bulimia nervosa.

Int J Eat Disord, 38, 244-251. http://dx.doi.org/10.1002/eat.20169.

Enticott, P.G., Ogloff, J.R.P., Bradshaw, J.L., 2006. Associations between laboratory measures of executive
inhibitory control and self-reported impulsivity. Pers Individ Dif, 41, 285-294.

http://dx.doi.org/10.1016/j.paid.2006.01.011.

36


http://dx.doi.org/10.1016/S0191-8869(01)00071-X
http://dx.doi.org/10.1016/S0191-8869(01)00071-X
http://dx.doi.org/10.1093/cercor/bhs107
http://dx.doi.org/10.3389/fpsyg.2012.00059
http://dx.doi.org/10.1016/j.cpr.2011.06.001
http://dx.doi.org/10.1016/j.neuron.2011.01.020
http://dx.doi.org/10.1016/j.neubiorev.2004.03.007
http://dx.doi.org/10.1016/j.neuroscience.2014.01.062
http://dx.doi.org/10.1002/eat.20169
http://dx.doi.org/10.1016/j.paid.2006.01.011

Fay, S.H., White, M.J., Finlayson, G., King, N.A., 2015. Psychological predictors of opportunistic snacking

in the absence of hunger. Eat Behav, 18, 156-159. http://dx.doi.org/10.1016/j.eatbeh.2015.05.014.

Fernandez-Aranda, F., Pinheiro, A.P., Thornton, L.M., Berrettini, W.H., Crow, S., Fichter, M.M., Halmi,
K.A., Kaplan, A.S., Keel, P., Mitchell, J., Rotondo, A., Strober, M., Woodside, D.B., Kaye, W.H.,
Bulik, C.M., 2008. Impulse control disorders in women with eating disorders. Psychiatry Res, 157,

147-157. http://dx.doi.org/10.1016/j.psychres.2007.02.011.

Fields, S., Sabet, M., Reynolds, B., 2013. Dimensions of impulsive behavior in obese, overweight, and

healthy-weight adolescents. Appetite, 70, 60-66. http://dx.doi.org/10.1016/j.appet.2013.06.089.
Fischer, S., Smith, G.T., Cyders, M.A., 2008. Another look at impulsivity: A meta-analytic review comparing
specific dispositions to rash action in their relationship to bulimic symptoms. Clin Psychol Rev, 28,

1413-1425. http://dx.doi.org/10.1016/j.cpr.2008.09.001.

Fliers, E.A., Buitelaar, J.K., Maras, A., Bul, K., Hohle, E., Faraone, S.V., Franke, B., Rommelse, N.N., 2013.
ADHD is a risk factor for overweight and obesity in children. J Dev Behav Pediatr, 34, 566-574.

http://dx.doi.org/10.1097/DBP.0b013e3182a50a67.

Frank, M.J., 2006. Hold your horses: A dynamic computational role for the subthalamic nucleus in decision

making. Neural Networks, 19, 1120-1136. http://dx.doi.org/10.1016/j.neunet.2006.03.006.

Frank, S., Lee, S., Preissl, H., Schultes, B., Birbaumer, N., Veit, R., 2012. The Obese Brain Athlete: Self-
Regulation of the Anterior Insula in Adiposity. PLoS One, 7, e42570.

http://dx.doi.org/10.1371/journal.pone.0042570.

Galimberti, E., Martoni, R.M., Cavallini, M.C., Erzegovesi, S., Bellodi, L., 2012. Motor inhibition and
cognitive flexibility in eating disorder subtypes. Prog Neuropsychopharmacol Biol Psychiatry, 36,

307-312. http://dx.doi.org/10.1016/j.pnpbp.2011.10.017.

Giesen, J.C., Havermans, R.C., Nederkoorn, C., Jansen, A., 2012. Impulsivity in the supermarket. Responses
to calorie taxes and subsidies in healthy weight undergraduates. Appetite, 58, 6-10.

http://dx.doi.org/10.1016/j.appet.2011.09.026.

Gluck, M.E., Alonso-Alonso, M., Piaggi, P., Weise, C.M., Jumpertz-von Schwartzenberg, R., Reinhardt, M.,
Wassermann, E.M., Venti, C.A., Votruba, S.B., Krakoff, J., 2015. Neuromodulation targeted to the

37


http://dx.doi.org/10.1016/j.eatbeh.2015.05.014
http://dx.doi.org/10.1016/j.psychres.2007.02.011
http://dx.doi.org/10.1016/j.appet.2013.06.089
http://dx.doi.org/10.1016/j.cpr.2008.09.001
http://dx.doi.org/10.1097/DBP.0b013e3182a50a67
http://dx.doi.org/10.1016/j.neunet.2006.03.006
http://dx.doi.org/10.1371/journal.pone.0042570
http://dx.doi.org/10.1016/j.pnpbp.2011.10.017
http://dx.doi.org/10.1016/j.appet.2011.09.026

prefrontal cortex induces changes in energy intake and weight loss in obesity. Obesity, 23, 2149-

2156. http://dx.doi.org/10.1002/0by.21313.

Grant, J., Derbyshire, K., Leppink, E., Chamberlain, S., 2015. Obesity and gambling: Neurocognitive and
clinical associations. Acta Psychiatrica Scandinavica, 131, 379-386.

http://dx.doi.org/10.1111/acps.12353.

Guerrieri, R., Nederkoorn, C., Jansen, A., 2007a. How impulsiveness and variety influence food intake in a

sample of healthy women. Appetite, 48, 119-122. http://dx.doi.org/10.1016/j.appet.2006.06.004.

Guerrieri, R., Nederkoorn, C., Jansen, A., 2008a. The effect of an impulsive personality on overeating and
obesity: Current state of affairs. Psychological Topics, 17, 265-286.

Guerrieri, R., Nederkoorn, C., Jansen, A., 2008b. The interaction between impulsivity and a varied food
environment: Its influence on food intake and overweight. Int J Obes, 32, 708-714.

http://dx.doi.org/10.1038/sj.ij0.0803770.

Guerrieri, R., Nederkoorn, C., Jansen, A., 2012. Disinhibition is easier learned than inhibition. The effects of
(dis)inhibition training on food intake. Appetite, 59, 96-99.

http://dx.doi.org/10.1016/j.appet.2012.04.006.

Guerrieri, R., Nederkoorn, C., Schrooten, M., Martijn, C., Jansen, A., 2009. Inducing impulsivity leads high
and low restrained eaters into overeating, whereas current dieters stick to their diet. Appetite, 53,
93-100.

Guerrieri, R., Nederkoorn, C., Stankiewicz, K., Alberts, H., Geschwind, N., Martijn, C., Jansen, A., 2007b.
The influence of trait and induced state impulsivity on food intake in normal-weight healthy

women. Appetite, 49, 66-73. http://dx.doi.org/10.1016/j.appet.2006.11.008.

Halberstadt, J., Makkes, S., de Vet, E., Jansen, A., Nederkoorn, C., van der Baan-Slootweg, O.H., Seidell,
J.C., 2013. The role of self-regulating abilities in long-term weight loss in severely obese children
and adolescents undergoing intensive combined lifestyle interventions (HELIOS); rationale, design

and methods. BMC Pediatr, 13, 41. http://dx.doi.org/10.1186/1471-2431-13-41.

Hall, P., Tran, B., Lowe, C., Vincent, C., Mourtzakis, M., Liu-Ambrose, T., Prapavessis, H., Gidron, Y.,
2015. Expression of executive control in situational context: Effects of facilitating versus

38


http://dx.doi.org/10.1002/oby.21313
http://dx.doi.org/10.1111/acps.12353
http://dx.doi.org/10.1016/j.appet.2006.06.004
http://dx.doi.org/10.1038/sj.ijo.0803770
http://dx.doi.org/10.1016/j.appet.2012.04.006
http://dx.doi.org/10.1016/j.appet.2006.11.008
http://dx.doi.org/10.1186/1471-2431-13-41

restraining cues on snack food consumption. Health Psychol, 34, 539-546.

http://dx.doi.org/10.1037/hea0000134.

Hampshire, A., Sharp, D.J., 2015. Contrasting network and modular perspectives on inhibitory control.

Trends Cogn Sci, 19, 445-452. http://dx.doi.org/10.1016/j.tics.2015.06.00.

Hare, T.A., Camerer, C.F., Rangel, A., 2009. Self-control in decision-making involves modulation of the

vmPFC valuation system. Science, 324, 646-648. http://dx.doi.org/10.1126/science.1168450.

Hartmann, A.S., Rief, W., Hilbert, A., 2013. Impulsivity and negative mood in adolescents with loss of
control eating and ADHD symptoms: an experimental study. Eat Weight Disord, 18, 53-60.

http://dx.doi.org/10.1007/s40519-013-0004-4.

Haynes, A., Kemps, E., Moffitt, R., 2015. The moderating role of state inhibitory control in the effect of
evaluative conditioning on temptation and unhealthy snacking. Physiol Behav, 152, 135-142.

http://dx.doi.org/10.1016/j.physbeh.2015.09.020.

Hendrick, O.M., Luo, X., Zhang, S., Li, C.S., 2012. Saliency processing and obesity: a preliminary imaging

study of the stop signal task. Obesity, 20, 1796-1802. http://dx.doi.org/10.1038/0by.2011.180.

Hendrickson, K.L., Rasmussen, E.B., 2013. Effects of mindful eating training on delay and probability
discounting for food and money in obese and healthy-weight individuals. Behav Res Ther, 51, 399-

409. http://dx.doi.org/10.1016/j.brat.2013.04.002.

Hermans, R.C., Larsen, J.K., Lochbuehler, K., Nederkoorn, C., Herman, C.P., Engels, R.C., 2013. The power
of social influence over food intake: examining the effects of attentional bias and impulsivity. Br J

Nutr, 109, 572-580. http://dx.doi.org/10.1017/S0007114512001390.

Hofmann, W., Adriaanse, M., Vohs, K.D., Baumeister, R.F., 2014. Dieting and the self-control of eating in
everyday environments: An experience sampling study. Br J Health Psychol, 19, 523-539.

http://dx.doi.org/10.1111/bjhp.12053.

Hofmann, W., Friese, M., Roefs, A., 2009. Three ways to resist temptation: The independent contributions of
executive attention, inhibitory control, and affect regulation to the impulse control of eating

behavior. J Exp Soc Psychol, 45, 431-435. http://dx.doi.org/10.1016/j.jesp.2008.09.013.

39


http://dx.doi.org/10.1037/hea0000134
http://dx.doi.org/10.1016/j.tics.2015.06.00
http://dx.doi.org/10.1126/science.1168450
http://dx.doi.org/10.1007/s40519-013-0004-4
http://dx.doi.org/10.1016/j.physbeh.2015.09.020
http://dx.doi.org/10.1038/oby.2011.180
http://dx.doi.org/10.1016/j.brat.2013.04.002
http://dx.doi.org/10.1017/S0007114512001390
http://dx.doi.org/10.1111/bjhp.12053
http://dx.doi.org/10.1016/j.jesp.2008.09.013

Houben, K., 2011. Overcoming the urge to splurge: Influencing eating behavior by manipulating inhibitory

control. J Behav Ther Exp Psychiatry, 42, 384-388. http://dx.doi.org/10.1016/j.jbtep.2011.02.008.

Houben, K., Jansen, A., 2011. Training inhibitory control. A recipe for resisting sweet temptations. Appetite,

56, 345-349. http://dx.doi.org/10.1016/j.appet.2010.12.017.

Houben, K., Jansen, A., 2014. Lacking skills to improve self-control: Reward-induced loss of inhibitory
control and overeating in restrained eaters. J Exp Psychopathol, 5, 29-37.

http://dx.doi.org/10.5127/jep.033412.

Houben, K., Jansen, A., 2015. Chocolate equals stop: Chocolate-specific inhibition training reduces
chocolate intake and go associations with chocolate. Appetite, 87, 318-323.

http://dx.doi.org/10.1016/j.appet.2015.01.005.

Houben, K., Nederkoorn, C., Jansen, A., 2012. Too tempting to resist? Past success at weight control rather
than dietary restraint determines exposure-induced disinhibited eating. Appetite, 59, 550-555.

http://dx.doi.org/10.1016/j.appet.2012.07.004.

Houben, K., Nederkoorn, C., Jansen, A., 2014. Eating on impulse: the relation between overweight and food-

specific inhibitory control. Obesity (Silver Spring), 22, E6-8. http://dx.doi.org/10.1002/0by.20670.
Hudson, J.1., Hiripi, E., Pope Jr, H.G., Kessler, R.C., 2007. The Prevalence and Correlates of Eating
Disorders in the National Comorbidity Survey Replication. Biol Psychiatry, 61, 348-358.

http://dx.doi.org/10.1016/j.biopsych.2006.03.040.

Inzlicht, M., Schmeichel, B.J., Macrae, C.N., 2014. Why self-control seems (but may not be) limited. Trends

Cogn Sci, 18, 127-133. http://dx.doi.org/10.1016/j.tics.2013.12.009.

Jaffard, M., Longcamp, M., Velay, J.-L., Anton, J.-L., Roth, M., Nazarian, B., Boulinguez, P., 2008.
Proactive inhibitory control of movement assessed by event-related fMRI. Neuroimage, 42, 1196-

1206. http://dx.doi.org/10.1016/j.neuroimage.2008.05.041.

Jansen, A., Nederkoorn, C., van Baak, L., Keirse, C., Guerrieri, R., Havermans, R., 2009. High-restrained
eaters only overeat when they are also impulsive. Behav Res Ther, 47, 105-110.

http://dx.doi.org/10.1016/j.brat.2008.10.016.

40


http://dx.doi.org/10.1016/j.jbtep.2011.02.008
http://dx.doi.org/10.1016/j.appet.2010.12.017
http://dx.doi.org/10.5127/jep.033412
http://dx.doi.org/10.1016/j.appet.2015.01.005
http://dx.doi.org/10.1016/j.appet.2012.07.004
http://dx.doi.org/10.1002/oby.20670
http://dx.doi.org/10.1016/j.biopsych.2006.03.040
http://dx.doi.org/10.1016/j.tics.2013.12.009
http://dx.doi.org/10.1016/j.neuroimage.2008.05.041
http://dx.doi.org/10.1016/j.brat.2008.10.016

Juarascio, A.S., Manasse, S.M., Espel, H.M., Kerrigan, S.G., Forman, E.M., 2015. Could training executive
function improve treatment outcomes for eating disorders? Appetite, 90, 187-193.

http://dx.doi.org/10.1016/j.appet.2015.03.013.

Kaye, W., 2008. Neurobiology of anorexia and bulimia nervosa. Physiol Behav, 94, 121-135.

http://dx.doi.org/10.1016/j.physbeh.2007.11.037.

Kaye, W.H., Wierenga, C.E., Bailer, U.F., Simmons, A.N., Wagner, A., Bischoff-Grethe, A., 2013. Does a
Shared Neurobiology for Foods and Drugs of Abuse Contribute to Extremes of Food Ingestion in
Anorexia and Bulimia Nervosa? Biol Psychiatry, 73, 836-842.

http://dx.doi.org/10.1016/j.biopsych.2013.01.002.

Kehagia, A.A., Housden, C.R., Regenthal, R., Barker, R.A., Miller, U., Rowe, J., Sahakian, B.J., Robbins,
T.W., 2014. Targeting impulsivity in Parkinson’s disease using atomoxetine. Brain, 137, 1986-

1997. http://dx.doi.org/10.1093/brain/awull?.

Kekic, M., McClelland, J., Campbell, 1., Nestler, S., Rubia, K., David, A.S., Schmidt, U., 2014. The effects
of prefrontal cortex transcranial direct current stimulation (tDCS) on food craving and temporal
discounting in women with frequent food cravings. Appetite, 78, 55-62.

http://dx.doi.org/10.1016/j.appet.2014.03.010.

Kemps, E., Tiggemann, M., Hollitt, S., 2014. Biased attentional processing of food cues and modification in

obese individuals. Health Psychol, 33, 1391-1401. http://dx.doi.org/10.1037/hea0000069.

Khedr, E.M., Elfetoh, N.A., Ali, A.M., Noamany, M., 2014. Anodal transcranial direct current stimulation
over the dorsolateral prefrontal cortex improves anorexia nervosa: A pilot study. Restor Neurol

Neurosci, 32, 789-797. http://dx.doi.org/10.3233/RNN-140392.

Kulendran, M., Vlaey, 1., Sugden, C., King, D., Ashrafian, H., Gately, P., Darzi, A., 2014.
Neuropsychological assessment as a predictor of weight loss in obese adolescents. Int J Obes, 38,

507-512. http://dx.doi.org/10.1038/ij0.2013.198.

Lattimore, P., Mead, B.R., 2015. See it, grab it, or STOP! Relationships between trait impulsivity, attentional
bias for pictorial food cues and associated response inhibition following in-vivo food cue exposure.

Appetite, 90, 248-253. http://dx.doi.org/10.1016/j.appet.2015.02.020.

41


http://dx.doi.org/10.1016/j.appet.2015.03.013
http://dx.doi.org/10.1016/j.physbeh.2007.11.037
http://dx.doi.org/10.1016/j.biopsych.2013.01.002
http://dx.doi.org/10.1093/brain/awu117
http://dx.doi.org/10.1016/j.appet.2014.03.010
http://dx.doi.org/10.1037/hea0000069
http://dx.doi.org/10.3233/RNN-140392
http://dx.doi.org/10.1038/ijo.2013.198
http://dx.doi.org/10.1016/j.appet.2015.02.020

Lawrence, N.S., O'Sullivan, J., Parslow, D., Javaid, M., Adams, R.C., Chambers, C.D., Kos, K., Verbruggen,
F., 2015a. Training response inhibition to food is associated with weight loss and reduced energy

intake. Appetite, 95, 17-28. http://dx.doi.org/10.1016/j.appet.2015.06.009.

Lawrence, N.S., Verbruggen, F., Morrison, S., Adams, R.C., Chambers, C.D., 2015b. Stopping to food can
reduce intake. Effects of stimulus-specificity and individual differences in dietary restraint.

Appetite, 85, 91-103. http://dx.doi.org/10.1016/j.appet.2014.11.006.

Lawyer, S.R., Boomhower, S.R., Rasmussen, E.B., 2015. Differential associations between obesity and
behavioral measures of impulsivity. Appetite, 95, 375-382.

http://dx.doi.org/10.1016/j.appet.2015.07.031.

Leitch, M.A., Morgan, M.J., Yeomans, M.R., 2013. Different subtypes of impulsivity differentiate
uncontrolled eating and dietary restraint. Appetite, 69, 54-63.

http://dx.doi.org/10.1016/j.appet.2013.05.007.

Levitan, R., Rivera, J., Silveira, P., Steiner, M., Gaudreau, H., Hamilton, J., Kennedy, J., Davis, C., Dube, L.,
Fellows, L., Wazana, A., Matthews, S., Meaney, M., 2015. Gender differences in the association
between stop-signal reaction times, body mass indices and/or spontaneous food intake in pre-
school children: An early model of compromised inhibitory control and obesity. Int J Obes, 39,

614-619. http://dx.doi.org/10.1038/ijo.2014.207.

Liang, J., Matheson, B., Kaye, W., Boutelle, K., 2014. Neurocognitive correlates of obesity and obesity-
related behaviors in children and adolescents. Int J Obes, 38, 494-506.

http://dx.doi.org/10.1038/ij0.2013.142.

Lipsman, N., Woodside, D.B., Giacobbe, P., Hamani, C., Carter, J.C., Norwood, S.J., Sutandar, K., Staab, R.,
Elias, G., Lyman, C.H., 2013. Subcallosal cingulate deep brain stimulation for treatment-refractory
anorexia nervosa: a phase 1 pilot trial. The Lancet, 381, 1361-1370.

http://dx.doi.org/10.1016/S0140-6736(12)62188-6.

Lipszyc, J., Schachar, R., 2010. Inhibitory control and psychopathology: a meta-analysis of studies using the
stop signal task. J Int Neuropsychol Soc, 16, 1064-1076.

http://dx.doi.org/10.1017/S1355617710000895.

42


http://dx.doi.org/10.1016/j.appet.2015.06.009
http://dx.doi.org/10.1016/j.appet.2014.11.006
http://dx.doi.org/10.1016/j.appet.2015.07.031
http://dx.doi.org/10.1016/j.appet.2013.05.007
http://dx.doi.org/10.1038/ijo.2014.207
http://dx.doi.org/10.1038/ijo.2013.142
http://dx.doi.org/10.1016/S0140-6736(12)62188-6
http://dx.doi.org/10.1017/S1355617710000895

Logan, G.D., 1994. On the ability to inhibit thought and action: a user's guide to the stop signal paradigm, in:
Dagenbach, D., Carr, T.H. (Eds.), Inhibitory Processes in Attention, Memory and Language.
Academic Press, San Diego, pp. 189-239.

Logan, G.D., Cowan, W.B., 1984. On the ability to inhibit thought and action: A theory of an act of control.

Psychol Rev, 91, 295-327. http://dx.doi.org/10.1037/0033-295X.91.3.295.

Lokken, K.L., Boeka, A.G., Austin, H.M., Gunstad, J., Harmon, C.M., 2009. Evidence of executive
dysfunction in extremely obese adolescents: a pilot study. Surg Obes Relat Dis, 5, 547-552.

http://dx.doi.org/10.1016/j.soard.2009.05.008.

Lowe, C.J., Hall, P.A., Vincent, C.M., Luu, K., 2014. The effects of acute aerobic activity on cognition and
cross-domain transfer to eating behavior. Front Hum Neurosci, 8, 267.

http://dx.doi.org/10.3389/fnhum.2014.00267.

Mann, T., Tomiyama, A.J., Westling, E., Lew, A.-M., Samuels, B., Chatman, J., 2007. Medicare's search for
effective obesity treatments: diets are not the answer. Am Psychol, 62, 220-233.

http://dx.doi.org/10.1037/0003-066X.62.3.220.

McClelland, J., Bozhilova, N., Campbell, 1., Schmidt, U., 2013a. A Systematic Review of the Effects of
Neuromodulation on Eating and Body Weight: Evidence from Human and Animal Studies. Eur Eat

Disord Rev, 21, 436-455. http://dx.doi.org/10.1002/erv.2256.

McClelland, J., Bozhilova, N., Nestler, S., Campbell, I.C., Jacob, S., Johnson-Sabine, E., Schmidt, U.,
2013b. Improvements in Symptoms Following Neuronavigated Repetitive Transcranial Magnetic
Stimulation (rTMS) in Severe and Enduring Anorexia Nervosa: Findings from two Case Studies.

Eur Eat Disord Rev, 21, 500-506. http://dx.doi.org/10.1002/erv.2266.

McClelland, J., Kekic, M., Campbell, I.C., Schmidt, U., 2015. Repetitive Transcranial Magnetic Stimulation
(rTMS) Treatment in Enduring Anorexia Nervosa: A Case Series. Eur Eat Disord Rev, 4, Epub

ahead of print. http://dx.doi.org/10.1002/erv.2414.

McElroy, S.L., Phillips, K.A., Keck Jr, P.E., 1994. Obsessive compulsive spectrum disorder. J Clin

Psychiatry, 55, Suppl:33-51, discussion 52-53.

43


http://dx.doi.org/10.1037/0033-295X.91.3.295
http://dx.doi.org/10.1016/j.soard.2009.05.008
http://dx.doi.org/10.3389/fnhum.2014.00267
http://dx.doi.org/10.1037/0003-066X.62.3.220
http://dx.doi.org/10.1002/erv.2256
http://dx.doi.org/10.1002/erv.2266
http://dx.doi.org/10.1002/erv.2414

Meule, A., Lutz, A.P., Vogele, C., Kubler, A., 2014. Impulsive reactions to food-cues predict subsequent food

craving. Eat Behav, 15, 99-105. http://dx.doi.org/10.1016/j.eatbeh.2013.10.023.

Mobher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Ann Intern Med, 151, 264-269.

http://dx.doi.org/10.1371/journal.pmed.1000097.

Mole, T., Irvine, M., Worbe, Y., Collins, P., Mitchell, S., Bolton, S., Harrison, N., Robbins, T., Voon, V.,
2015. Impulsivity in disorders of food and drug misuse. Psychol Med, 45, 771-782.

http://dx.doi.org/10.1017/S0033291714001834.

Montenegro, R.A., Okano, A.H., Cunha, F.A., Gurgel, J.L., Fontes, E.B., Farinatti, P.T.V., 2012. Prefrontal
cortex transcranial direct current stimulation associated with aerobic exercise change aspects of
appetite sensation in overweight adults. Appetite, 58, 333-338.

http://dx.doi.org/10.1016/j.appet.2011.11.008.

Muraven, M., Baumeister, R.F., 2000. Self-regulation and depletion of limited resources: Does self-control

resemble a muscle? Psychol Bull, 126, 247-259. http://dx.doi.org/10.1037//0033-2909.126.2.247

Nandam, L.S., Hester, R., Wagner, J., Cummins, T.D.R., Garner, K., Dean, A.J., Kim, B.N., Nathan, P.J.,
Mattingley, J.B., Bellgrove, M.A., 2011. Methylphenidate But Not Atomoxetine or Citalopram
Modulates Inhibitory Control and Response Time Variability. Biol Psychiatry, 69, 902-904.

http://dx.doi.org/10.1016/j.biopsych.2010.11.014.

Nazar, B.P., Suwwan, R., de Sousa Pinna, C.M., Duchesne, M., Freitas, S.R., Sergeant, J., Mattos, P., 2014.
Influence of attention-deficit/hyperactivity disorder on binge eating behaviors and psychiatric
comorbidity profile of obese women. Compr Psychiatry, 55, 572-578.
http://dx.doi.org/10.1016/j.comppsych.2013.09.015.

Nazar, B.P., Pinna, C.M.d.S., Coutinho, G., Segenreich, D., Duchesne, M., Appolinario, J.C., Mattos, P.,
2008. Review of literature of attention-deficit/hyperactivity disorder with comorbid eating

disorders. Revista Brasileira de Psiquiatria, 30, 384-389. http://dx.doi.org/10.1590/S1516-

44462008000400014.

44


http://dx.doi.org/10.1016/j.eatbeh.2013.10.023
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1017/S0033291714001834
http://dx.doi.org/10.1016/j.appet.2011.11.008
http://dx.doi.org/10.1037/0033-2909.126.2.247
http://dx.doi.org/10.1016/j.biopsych.2010.11.014
http://dx.doi.org/10.1590/S1516-44462008000400014
http://dx.doi.org/10.1590/S1516-44462008000400014

Nederkoorn, C., 2014. Effects of sales promotions, weight status, and impulsivity on purchases in a

supermarket. Obesity, 22, E2-E5. http://dx.doi.org/10.1002/0by.20621.

Nederkoorn, C., Braet, C., Van Eijs, Y., Tanghe, A., Jansen, A., 2006a. Why obese children cannot resist
food: the role of impulsivity. Eat Behav, 7, 315-322.

http://dx.doi.org/10.1016/j.eatbeh.2005.11.005.

Nederkoorn, C., Coelho, J.S., Guerrieri, R., Houben, K., Jansen, A., 2012. Specificity of the failure to inhibit
responses in overweight children. Appetite, 59, 409-413.

http://dx.doi.org/10.1016/j.appet.2012.05.028.

Nederkoorn, C., Dassen, F.C., Franken, L., Resch, C., Houben, K., 2015. Impulsivity and overeating in
children in the absence and presence of hunger. Appetite, 93, 57-61.

http://dx.doi.org/10.1016/j.appet.2015.03.032.

Nederkoorn, C., Guerrieri, R., Havermans, R., Roefs, A., Jansen, A., 2009. The interactive effect of hunger
and impulsivity on food intake and purchase in a virtual supermarket. Int J Obes, 33, 905-912.

http://dx.doi.org/10.1038/ij0.2009.98.

Nederkoorn, C., Houben, K., Hofmann, W., Roefs, A., Jansen, A., 2010. Control yourself or just eat what
you like? Weight gain over a year is predicted by an interactive effect of response inhibition and
implicit preference for snack foods. Health Psychol, 29, 389-393.

http://dx.doi.org/10.1037/a0019921.

Nederkoorn, C., Jansen, E., Mulkens, S., Jansen, A., 2006b. Impulsivity predicts treatment outcome in obese

children. Behav Res Ther, 45, 1071-1075. http://dx.doi.org/10.1016/j.brat.2006.05.009.

Nederkoorn, C., Smulders, F.T., Havermans, R.C., Roefs, A., Jansen, A., 2006c. Impulsivity in obese

women. Appetite, 47, 253-256. http://dx.doi.org/10.1016/j.appet.2006.05.008.
Nederkoorn, C., Van Eijs, Y., Jansen, A., 2004. Restrained eaters act on impulse. Pers Individ Dif, 37, 1651-

1658. http://dx.doi.org/10.1016/j.paid.2004.02.020.

Oberndorfer, T.A., Kaye, W.H., Simmons, A.N., Strigo, I.A., Matthews, S.C., 2011. Demand-specific
alteration of medial prefrontal cortex response during an inhibition task in recovered anorexic

women. Int J Eat Disord, 44, 1-8. http://dx.doi.org/10.1002/eat.20750.

45


http://dx.doi.org/10.1002/oby.20621
http://dx.doi.org/10.1016/j.eatbeh.2005.11.005
http://dx.doi.org/10.1016/j.appet.2012.05.028
http://dx.doi.org/10.1016/j.appet.2015.03.032
http://dx.doi.org/10.1038/ijo.2009.98
http://dx.doi.org/10.1037/a0019921
http://dx.doi.org/10.1016/j.brat.2006.05.009
http://dx.doi.org/10.1016/j.appet.2006.05.008
http://dx.doi.org/10.1016/j.paid.2004.02.020
http://dx.doi.org/10.1002/eat.20750

Papachristou, H., Nederkoorn, C., Beunen, S., Jansen, A., 2013. Dissection of appetitive conditioning. Does

impulsivity play a role? Appetite, 69, 46-53. http://dx.doi.org/10.1016/j.appet.2013.05.011.

Pauls, A.M., O'Daly, O.G., Rubia, K., Riedel, W.J., Williams, S.C., Mehta, M.A., 2012. Methylphenidate
effects on prefrontal functioning during attentional-capture and response inhibition. Biol

Psychiatry, 72, 142-149. http://dx.doi.org/10.1016/j.biopsych.2012.03.028.

Pires Baczynski, T., Hanna de Aquino Chaim, C., Palazzo Nazar, B., Giovanni Carta, M., Arias-Carrion, O.,
Cardoso Silva, A., Machado, S., Egidio Nardi, A., 2014. High-Frequency rTMS to Treat Refractory
Binge Eating Disorder and Comorbid Depression: A Case Report. CNS Neurol Disord Drug

Targets, 13, 771-775. http://dx.doi.org/10.2174/1871527313666140307154823.

Rasmussen, E.B., Lawyer, S.R., Reilly, W., 2010. Percent body fat is related to delay and probability
discounting for food in humans. Behav Processes, 83, 23-30.

http://dx.doi.org/10.1016/j.beproc.2009.09.001.

Reinert, K.R.S., K, P.e.E., Barkin, S.L., 2013. The relationship between executive function and obesity in
children and adolescents: a systematic literature review. J Obes, 2013, 820956.

http://dx.doi.org/10.1155/2013/820956.

Renwick, B., Campbell, I.C., Schmidt, U., 2013. Attention bias modification: A new approach to the

treatment of eating disorders? Int J Eat Disord, 46, 496-500. http://dx.doi.org/10.1002/eat.22107.

Ridderinkhof, K.R., van den Wildenberg, W.P.M., Segalowitz, S.J., Carter, C.S., 2004. Neurocognitive
mechanisms of cognitive control: The role of prefrontal cortex in action selection, response
inhibition, performance monitoring, and reward-based learning. Brain Cogn, 56, 129-140.

http://dx.doi.org/10.1016/j.bandc.2004.09.016.

Robbins, T.W., 2007. Shifting and stopping: fronto-striatal substrates, neurochemical modulation and clinical
implications. Philos Trans R Soc Lond B Biol Sci, 362, 917-932.

http://dx.doi.org/10.1098/rsth.2007.2097.

Robbins, T.W., Gillan, C.M., Smith, D.G., de Wit, S., Ersche, K.D., 2012. Neurocognitive endophenotypes
of impulsivity and compulsivity: towards dimensional psychiatry. Trends Cogn Sci, 16, 81-91.

http://dx.doi.org/10.1016/j.tics.2011.11.009.

46


http://dx.doi.org/10.1016/j.appet.2013.05.011
http://dx.doi.org/10.1016/j.biopsych.2012.03.028
http://dx.doi.org/10.2174/1871527313666140307154823
http://dx.doi.org/10.1016/j.beproc.2009.09.001
http://dx.doi.org/10.1155/2013/820956
http://dx.doi.org/10.1002/eat.22107
http://dx.doi.org/10.1016/j.bandc.2004.09.016
http://dx.doi.org/10.1098/rstb.2007.2097
http://dx.doi.org/10.1016/j.tics.2011.11.009

Schag, K., Schonleber, J., Teufel, M., Zipfel, S., Giel, K., 2013. Food-related impulsivity in obesity and
Binge Eating Disorder—a systematic review. Obes Rev, 14, 477-495.

http://dx.doi.org/10.1111/0br.12017.

Schmidt, U., Campbell, 1.C., 2013. Treatment of Eating Disorders can not Remain ‘Brainless’: The Case for

Brain-Directed Treatments. Eur Eat Disord Rev, 21, 425-427. http://dx.doi.org/10.1002/erv.2257.

Sebastian, A., Baldermann, C., Feige, B., Katzev, M., Scheller, E., Hellwig, B., Lieb, K., Weiller, C.,
Tuscher, O., Kldppel, S., 2013. Differential effects of age on subcomponents of response
inhibition. Neurobiol Aging, 34, 2183-2193.

http://dx.doi.org/10.1016/j.neurobiolaging.2013.03.013.

Sellitto, M., di Pellegrino, G., 2014. Errors Affect Hypothetical Intertemporal Food Choice in Women. PLoS
One, 9, €108422. http://dx.doi.org/10.1371/journal.pone.0108422.

Sohn, S.Y., Kang, J.l., Namkoong, K., Kim, S.J., 2014. Multidimensional measures of impulsivity in
obsessive-compulsive disorder: Cannot wait and stop. PLoS One, 9, e111739.

http://dx.doi.org/10.1371/journal.pone.0111739.

Spierer, L., Chavan, C., Manuel, A.L., 2013. Training-induced behavioral and brain plasticity in inhibitory

control. Front Hum Neurosci, 7, 427. http://dx.doi.org/10.3389/fnhum.2013.00427.

Stroebe, W., Mensink, W., Aarts, H., Schut, H., Kruglanski, A.W., 2008. Why dieters fail: Testing the goal
conflict model of eating. J Exp Soc Psychol, 44, 26-36.

http://dx.doi.org/10.1016/j.jesp.2007.01.005.

Svaldi, J., Naumann, E., Trentowska, M., Schmitz, F., 2014. General and food-specific inhibitory deficits in

binge eating disorder. Int J Eat Disord, 47, 534-542. http://dx.doi.org/10.1002/eat.22260.

Swick, D., Ashley, V., Turken, U., 2011. Are the neural correlates of stopping and not going identical?
Quantitative meta-analysis of two response inhibition tasks. Neuroimage, 56, 1655-1665.

http://dx.doi.org/10.1016/j.neuroimage.2011.02.070.

Thamotharan, S., Lange, K., Zale, E.L., Huffhines, L., Fields, S., 2013. The role of impulsivity in pediatric
obesity and weight status: a meta-analytic review. Clin Psychol Rev, 33, 253-262.

http://dx.doi.org/10.1016/j.cpr.2012.12.001.

47


http://dx.doi.org/10.1111/obr.12017
http://dx.doi.org/10.1002/erv.2257
http://dx.doi.org/10.1016/j.neurobiolaging.2013.03.013
http://dx.doi.org/10.1371/journal.pone.0111739
http://dx.doi.org/10.3389/fnhum.2013.00427
http://dx.doi.org/10.1016/j.jesp.2007.01.005
http://dx.doi.org/10.1002/eat.22260
http://dx.doi.org/10.1016/j.neuroimage.2011.02.070
http://dx.doi.org/10.1016/j.cpr.2012.12.001

Truong, D.Q., Magerowski, G., Blackburn, G.L., Bikson, M., Alonso-Alonso, M., 2013. Computational
modeling of transcranial direct current stimulation (tDCS) in obesity: Impact of head fat and dose

guidelines. Neuroimage Clin, 2, 759-766. http://dx.doi.org/10.1016/j.nicl.2013.05.011.

Turner, D.C., Clark, L., Dowson, J., Robbins, T.W., Sahakian, B.J., 2004. Modafinil improves cognition and
response inhibition in adult attention-deficit/hyperactivity disorder. Biol Psychiatry, 55, 1031-1040.

http://dx.doi.org/10.1016/j.biopsych.2004.02.008.

Turner, D.C., Robbins, T.W.,, Clark, L., Aron, A.R., Dowson, J., Sahakian, B.J., 2003. Cognitive enhancing
effects of modafinil in healthy volunteers. Psychopharmacology (Berl), 165, 260-269.

http://dx.doi.org/10.1007/s00213-002-1250-8.

Uher, R., Murphy, T., Brammer, M.J., Dalgleish, T., Phillips, M.L., Ng, V.W., Andrew, C.M., Williams, S.C.,
Campbell, I.C., Treasure, J., 2004. Medial prefrontal cortex activity associated with symptom
provocation in eating disorders. Am J Psychiatry, 161, 1238-1246.

http://dx.doi.org/10.1176/appi.ajp.161.7.1238.

Vainik, U., Dagher, A., Dubé, L., Fellows, L.K., 2013. Neurobehavioural correlates of body mass index and
eating behaviours in adults: a systematic review. Neurosci Biobehav Rev, 37, 279-299.

http://dx.doi.org/10.1016/j.neubiorev.2012.11.008.

Val-Laillet, D., Aarts, E., Weber, B., Ferrari, M., Quaresima, V., Stoeckel, L.E., Alonso-Alonso, M., Audette,
M., Malbert, C.H., Stice, E., 2015. Neuroimaging and neuromodulation approaches to study eating
behavior and prevent and treat eating disorders and obesity. Neuroimage Clin, 8, 1-31.

http://dx.doi.org/10.1016/j.nicl.2015.03.016.

Van den Eynde, F., Claudino, A., Campbell, 1., Schmidt, U., 2011a. Immediate cognitive effects of repetitive
Transcranial Magnetic Stimulation in eating disorders: A pilot study. Eat Weight Disord, 16, 45-48.

http://dx.doi.org/10.1007/bf03327520.

Van den Eynde, F., Claudino, A.M., Mogg, A., Horrell, L., Stahl, D., Ribeiro, W., Uher, R., Campbell, 1.,
Schmidt, U., 2010. Repetitive transcranial magnetic stimulation reduces cue-induced food craving
in bulimic disorders. Biol Psychiatry, 67, 793-795.

http://dx.doi.org/10.1016/j.biopsych.2009.11.023.

48


http://dx.doi.org/10.1016/j.nicl.2013.05.011
http://dx.doi.org/10.1016/j.biopsych.2004.02.008
http://dx.doi.org/10.1007/s00213-002-1250-8
http://dx.doi.org/10.1176/appi.ajp.161.7.1238
http://dx.doi.org/10.1016/j.neubiorev.2012.11.008
http://dx.doi.org/10.1016/j.nicl.2015.03.016
http://dx.doi.org/10.1007/bf03327520
http://dx.doi.org/10.1016/j.biopsych.2009.11.023

Van den Eynde, F., Guillaume, S., Broadbent, H., Campbell, 1., Schmidt, U., 2013. Repetitive transcranial
magnetic stimulation in anorexia nervosa: A pilot study. Eur Psychiatry, 28, 98-101.

http://dx.doi.org/10.1016/j.eurpsy.2011.06.002.

Van den Eynde, F., Guillaume, S., Broadbent, H., Stahl, D., Campbell, I., Schmidt, U., Tchanturia, K., 2011b.
Neurocognition in bulimic eating disorders: a systematic review. Acta Psychiatrica Scandinavica,

124, 120-140. http://dx.doi.org/10.1111/j.1600-0447.2011.01701.x.

van Koningsbruggen, G.M., Veling, H., Stroebe, W., Aarts, H., 2014. Comparing two psychological
interventions in reducing impulsive processes of eating behaviour: Effects on self-selected portion

size. Br J Health Psychol, 19, 767-782. http://dx.doi.org/10.1111/bjhp.12075.

van Strien, T., Ouwens, M.A., Engel, C., de Weerth, C., 2014. Hunger, inhibitory control and distress-

induced emotional eating. Appetite, 79, 124-133. http://dx.doi.org/10.1016/j.appet.2014.04.020.

van Velzen, L.S., Vriend, C., de Wit, S.J., van den Heuvel, O.A., 2014. Response inhibition and interference
control in obsessive—compulsive spectrum disorders. Front Hum Neurosci, 8, 419.

Veling, H., Aarts, H., Papies, E.K., 2011. Using stop signals to inhibit chronic dieters' responses toward

palatable foods. Behav Res Ther, 49, 771-780. http://dx.doi.org/10.1016/j.brat.2011.08.005.
\eling, H., Aarts, H., Stroebe, W., 2013. Using stop signals to reduce impulsive choices for palatable

unhealthy foods. Br J Health Psychol, 18, 354-368. http://dx.doi.org/10.1111/j.2044-

8287.2012.02092 x.

Veling, H., van Koningsbruggen, G.M., Aarts, H., Stroebe, W., 2014. Targeting impulsive processes of eating
behavior via the internet. Effects on body weight. Appetite, 78, 102-109.

http://dx.doi.org/10.1016/j.appet.2014.03.014.

Verbeken, S., Braet, C., Claus, L., Nederkoorn, C., Oosterlaan, J., 2009. Childhood obesity and impulsivity:
An investigation with performance-based measures. Behav Change, 26, 153-167.

http://dx.doi.org/10.1375/bech.26.3.153.

Verbeken, S., Braet, C., Goossens, L., van der Oord, S., 2013. Executive function training with game
elements for obese children: A novel treatment to enhance self-regulatory abilities for weight-

control. Behav Res Ther, 51, 290-299. http://dx.doi.org/10.1016/j.brat.2013.02.006.

49


http://dx.doi.org/10.1016/j.eurpsy.2011.06.002
http://dx.doi.org/10.1111/j.1600-0447.2011.01701.x
http://dx.doi.org/10.1111/bjhp.12075
http://dx.doi.org/10.1016/j.appet.2014.04.020
http://dx.doi.org/10.1016/j.brat.2011.08.005
http://dx.doi.org/10.1111/j.2044-8287.2012.02092.x
http://dx.doi.org/10.1111/j.2044-8287.2012.02092.x
http://dx.doi.org/10.1016/j.appet.2014.03.014
http://dx.doi.org/10.1375/bech.26.3.153
http://dx.doi.org/10.1016/j.brat.2013.02.006

Verbruggen, F., Logan, G.D., 2008. Response inhibition in the stop-signal paradigm. Trends Cogn Sci, 12,

418-424. http://dx.doi.org/10.1016/j.tics.2008.07.005.

\Vohs, K.D., Heatherton, T.F., 2000. Self-regulatory failure: a resource-depletion approach. Psychol Sci, 11,

249-254. http://dx.doi.org/10.1111/1467-9280.00250.

Wang, C.H., Chang, C.C., Liang, Y.M., Shih, C.M., Chiu, W.S., Tseng, P., Hung, D.L., Tzeng, O.J.,
Muggleton, N.G., Juan, C.H., 2013. Open vs. closed skill sports and the modulation of inhibitory

control. PLoS One, 8, 55773. http://dx.doi.org/10.1371/journal.pone.0055773.

Ward, A., Mann, T., 2000. Don't mind if | do: Disinhibited eating under cognitive load. J Pers Soc Psychol,

78, 753-763. http://dx.doi.org/10.1037/0022-3514.78.4.753.

Waxman, S.E., 2009. A systematic review of impulsivity in eating disorders. Eur Eat Disord Rev, 17, 408-

425. http://dx.doi.org/10.1002/erv.952.

Wierenga, C., Bischoff-Grethe, A., Melrose, A.J., Grenesko-Stevens, E., Irvine, Z., Wagner, A., Simmons,
A., Matthews, S., Yau, W.Y., Fennema-Notestine, C., Kaye, W.H., 2014a. Altered BOLD response
during inhibitory and error processing in adolescents with anorexia nervosa. PLoS One, 9, €92017.

http://dx.doi.org/10.1371/journal.pone.0092017.

Wierenga, C.E., Ely, A., Bischoff-Grethe, A., Bailer, U.F., Simmons, A.N., Kaye, W.H., 2014b. Are extremes
of consumption in eating disorders related to an altered balance between reward and inhibition?

Front Behav Neurosci, 8, 410. http://dx.doi.org/10.3389/fnbeh.2014.00410.

Winder-Rhodes, S., Chamberlain, S., Idris, M., Robbins, T., Sahakian, B., Miller, U., 2009. Effects of
modafinil and prazosin on cognitive and physiological functions in healthy volunteers. J

Psychopharmacol, 24, 1649-1657. http://dx.doi.org/10.1177/0269881109105899.

Wingrove, J., Bond, A.J., 1997. Impulsivity: A state as well as trait variable. Does mood awareness explain
low correlations between trait and behavioural measures of impulsivity? Pers Individ Dif, 22, 333-

339. http://dx.doi.org/10.1016/S0191-8869(96)00222-X.

Wonderlich, S.A., Connolly, K.M., Stice, E., 2004. Impulsivity as a risk factor for eating disorder behavior:
Assessment implications with adolescents. Int J Eat Disord, 36, 172-182.

http://dx.doi.org/10.1002/eat.20033.

50


http://dx.doi.org/10.1016/j.tics.2008.07.005
http://dx.doi.org/10.1111/1467-9280.00250
http://dx.doi.org/10.1371/journal.pone.0055773
http://dx.doi.org/10.1037/0022-3514.78.4.753
http://dx.doi.org/10.1002/erv.952
http://dx.doi.org/10.1371/journal.pone.0092017
http://dx.doi.org/10.3389/fnbeh.2014.00410
http://dx.doi.org/10.1177/0269881109105899
http://dx.doi.org/10.1016/S0191-8869(96)00222-X
http://dx.doi.org/10.1002/eat.20033

Wu, M., Giel, K.E., Skunde, M., Schag, K., Rudofsky, G., de Zwaan, M., Zipfel, S., Herzog, W., Friederich,
H.-C., 2013a. Inhibitory control and decision making under risk in bulimia nervosa and binge-

eating disorder. Int J Eat Disord, 46, 721-728. http://dx.doi.org/10.1002/eat.22143.

Wu, M., Hartmann, M., Skunde, M., Herzog, W., Friederich, H.C., 2013b. Inhibitory control in bulimic-type
eating disorders: A systematic review and meta-analysis. PLoS One, 8, e83412.

http://dx.doi.org/10.1371/journal.pone.0083412.

Ye, Z., Altena, E., Nombela, C., Housden, C.R., Maxwell, H., Rittman, T., Huddleston, C., Rae, C.L.,
Regenthal, R., Sahakian, B.J., Barker, R.A., Robbins, TW., Rowe, J.B., 2014. Selective serotonin

reuptake inhibition modulates response inhibition in Parkinson’s disease. Brain, 137, 1145-1155.

http://dx.doi.org/10.1093/brain/awu032.

Ye, Z., Rae, C.L., Nombela, C., Ham, T., Rittman, T., Jones, P.S., Rodriguez, P.V., Coyle-Gilchrist, I.,
Regenthal, R., Altena, E., Housden, C.R., Maxwell, H., Sahakian, B.J., Barker, R.A., Robbins,
T.W., Rowe, J.B., 2016. Predicting beneficial effects of atomoxetine and citalopram on response
inhibition in Parkinson's disease with clinical and neuroimaging measures. Hum Brain Mapp,

[EPub ahead of print]. http://dx.doi.org/10.1002/hbm.23087.

51


http://dx.doi.org/10.1002/eat.22143
http://dx.doi.org/10.1371/journal.pone.0083412
http://dx.doi.org/10.1093/brain/awu032
http://dx.doi.org/10.1002/hbm.23087

Figure 1. PRISMA (preferred reporting items for systematic reviews and meta-analysis) (Moher et

al., 2009) flowchart highlighting the number of records identified at each stage of the search and

final total included in the review.
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Table 1. Studies assessing the relationship between eating, weight and performance on the SST

Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
EATING DISORDERS
ADULTS
(Boisseau et 53 Females with an ED (n=21; | ED diagnosis SSRT, mean | Mean® All SST measures:
al., 2012) 12 BN, 9 EDNOS), OCD RT, % ED = HC.
(n=16) and HC females omission
(n=16) errors
(Claes et al., 139 | Female ED in/outpatients ED diagnosis SSRT, SSD, | Mean® All SST measures:
2006) (n=56 (20 ANR, 14 ANBP, mean RT, % ED (ANR=ANBP=BN) =
22 BN)) and female HC incorrect HC
(n=83) inhibition
(Galimberti et | 92 Females with ANR (n=24), | ED diagnosis SSRT, mean | Mean® SSRT: AN: Good No significant
al., 2012) ANBP (n=12), BN (n=16) RT, Number AN (R and BP)>HC, performers (+1SD correlations
and HC females (n=40) of inaccurate ANBP>BN. SSRT z-score) = bad | between SST and
responses performers (-1SD BMI, age at onset,

Inaccurate responses:
BN>HC.

Mean RT:
AN(R and BP) = BN = HC.

SSRT z-score) for
BMI, disorder onset,
illness duration and
other SST variables

illness duration or
illness severity.

53




Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Mole et al., 180 | Obese BED (n=30, 17 f), ED diagnosis, SSRT, mean | Median SSRT: Trend for positive
2015) obese without BED (n=30, | Binge eating RT BED=c-BED correlation
11 f), and abstinent scale Obese>c-Obese between BMI (but
alcohol-dependent Obese>BED. not binge eating
participants (EtOH, n=30, scale) and SSRT in
12 f) and matched HC (c- Mean RT: BED and Obese
BED: n=39, 17 f; c-Obese: BED=c-BED groups.
n=30, 11 f; c-EtOH: n=30, Obese=c-obese
12 1) Obese=BED.
(Oberndorfer | 24/ | Females recovered from ED diagnosis Accuracy, N/A Mean RT and accuracy
etal,2011)® | 17 | AN (Rec-AN, mean RT, (easy and hard trials):
neuroimaging data: n=12, fMRI during AN = HC.
behavioural data: n=7) and hard and
HC females (neuroimaging easy trials Neural:

data: n=12 and behavioural
data: n=11)

Rec-AN < HC (mPFC
activity on hard trials only).
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Svaldi et al., 60 Females with BED (n=31) ED diagnosis, SSRT, mean | Mean (but SSRT: SSRT positively
2014)¢ and weight-matched HC DEBQ, food vs. RT, found BED>HC. correlated with
(n=29) neutral trials commission | comparable eating pathology
errors results when SST stimuli: (DEBQ total score,
median was Mean RT: Food>Neutral for external eating and
used) both BED and HC emotional eating).
(BED=HC). Increase in
commission errors
Commission errors: for food>neutral
BED>HC (food trials only). trials was
correlated with
DEBQ emotional
eating and BMI.
(Wu et al., 124 | Patients with BN (n=16, 15 | ED diagnosis, SSRT, SSD, | Mean SSRT: No correlation
2013a) f), overweight/obese BED EDEQ mean RT, % BN>c-BN between SSRT and
patients (n=44, 40 f) and correct BED=c-BED. ED pathology in
two separate groups of age- responses BN; In BED, SSRT
and BMI-matched HC (c- (go), RTon Other SST measures: only correlated
BN (n=25, 24 f) and c- signal trials BN=c-BN with EDEQ
BED (n=39, 38 f), BED=c-BED. restraint.
respectively)
YOUTH
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Wierenga et 23 | Adolescent females with ED diagnosis Mean RT, NA (no SSRT) | Any behavioural SST
al., 2014a)°® ANR (n=11) and HC inhibition measure:
(n=12) errors, fMRI AN =HC.
during
easy/hard Neural:
blocks (split AN<HC (middle frontal
by regions [right dACC, right
individual middle FG and left PCC] on
mean RT) hard trials only).
WEIGHT STATUS
ADULTS
(Allom and 115 | Normal weight to Block Food SSRT Mean SSRT correlated
Mullan, 2014) overweight undergraduate Screener, BMI with and predicted
students (83 f, 85% of saturated fat
sample within the normal intake, but not fruit
BMI range) and vegetable
consumption or
BMI.
(Bongers et 319 | Obese (n=169) and healthy | Attention bias for | SSRT Mean No main effects or

al., 2015) d

weight (n=116)
participants.

food, weight
status

interaction between
weight status and
SSRT on attention
bias for high/low-
calorie food.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Chamberlain | 511 | Obese (n=55, 33 f), Weight status SSRT NR SSRT: SSRT predicted
etal., 2015) Overweight (n=110, 32 f) Obese>HC. weight status.
and HC adults (n=346, 118
). (Note: obese
participants had higher
rates of maladaptive
gambling behaviour).
(Grant et al., 207 | Obese (n=22, 12 f), Weight status SSRT, NR SSRT:
2015) overweight (n=49, 20 f), median go Obese = normal weight.
and normal weight (n=136, RT
44 f) young adults with Median RT:
subsyndromal gambling Obese>Normal weight.
disorder
(Hendrick et 43 Lean (n=18, BMI<22), Weight status, SSRT, mean | Median Any SST behavioural BMI negatively
al., 2012)®° intermediate weight (n=12, | BMI RT, post- measure: correlated with
BMI between 22-30) and error Obese = Lean. activity in all
obese (n=13, BMI>30) slowing, regions more
females fMRI Neural: active during stop
(stop>go) Obese<Lean (cuneus, insula, (vs. go) trials.

SMA and IPC bilaterally on
stop compared to go trials).
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Houben et 87 Females of a range of BMI, SSRT Mean SST*BMI on SSRT:
al., 2014)°¢ BMIs (underweight: n=13, | food/neutral No main effect of SST type
overweight: n=17) trials of the SST or BMI,
significant interaction:
higher BMI = higher SST on
food-specific but not general
SST.
(Lawyeretal., | 291 | Obese (n=56, 35 f) and BMI SSRT Mean SSRT: No association
2015) non-obese (n=235, 126 f, Obese = non-obese. between SSRT and
underweight: n=10, healthy BMI/weight status.
weight: n=147, overweight:
n=78) participants.
(Nederkoorn, | 118 | Overweight (n=45, 38 f) Purchased SSRT Mean SSRT: SSRT * weight status
2014) and healthy weight (n=73, calories from a Overweight = HC. * promotion on
64 f) participants. virtual (internet) calories purchase:
supermarket with higher SST = more
(n=48) or calories purchased in
without (n=70) promotion condition
sales promotion. (only) in overweight
but not HC
participants.
(Nederkoorn 59 | Obese (n=31) and lean Weight status SSRT, mean | Mean © Mean RT and overall SSRT:
et al., 2006c) (n=28) females. RT, SST Obese = Lean.
block

Weight status * SST block
on SSRT:

Obese>Lean in later SST
blocks only.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
YOUTH
(Fields et al., 61 | Obese (n=21, 11 ), Weight status SSRT Mean SSRT:
2013) overweight (n=20, 11 f) Obese = Overweight =
and healthy weight (n=20, Healthy Weight.
12 f) adolescents.
(Fliers et al., 232 | Children with combined BMI Standard SSRT Mean © No effect of
2013) d subtype ADHD Deviation scores inhibitory control on
(BMI-SDS) BMI SDS score.
(Guerrieri et 78 Overweight (n=15) and Food intake SSRT, SST Mean © Weight status * SST block No main effect of
al., 2008b) normal weight (n=63) (bogus taste test) | block on SSRT (trend): SSRT or interaction
primary school children (33 Overweight>Normal weight | with variety on food
females in the total sample) in later (third) but not intake.
earlier, blocks.
(Kulendran et | 103 | Obese adolescents (n=53, Weight status, SSRT, Mean | Mean © SSRT, number of inaccurate SSRT significantly
al., 2014) 32 f) attending a residential | BMI RT, SSD, responses: predicted weight
treatment camp for obesity proportion Obese>Normal weight. category.
and non-obese adolescents of successful
(n=50, unknown gender stops, SSD, proportion of Initial SSRT and
proportions) number of successful stops: change in SSRT
inaccurate Obese<Normal weight. over treatment
responses, predicted change
change in Mean RT: in BMI.
SSRT over Obese = Normal weight.
time. Longer stay in

camp = greater
reduction in SSRT.

59




Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Levitan etal., | 193 | Preschool children (90 f) BMI-z scores, logSSRT Mean Higher logSSRTs
2015) snack test: fat, predicted higher
carbohydrate and BMI-z scores
protein intake (females only), and
carbohydrate and
sugar intake (not
total/protein
intake).
(Lokkenetal., | 25 Extremely obese Weight status SST z-score | NR SST measures: No correlation
2009) adolescents (15 f). compared to Obese = Normative sample. between BMI and
the mean of SST measure.
a normative
sample
(n=79, 52 f)
(Nederkoorn 63 | Obese children (n=32,19 f | % weight loss SSRT, mean | Mean © SSRT: SSRT negatively
et al., 2006a) [15 binge eaters, 10 f]) RT Obese (binge eaters = non- correlated with %

from a residential treatment
centre for obesity, and
normal weight children
(n=31, 19 f) from a
secondary school.

binge eaters)>Normal
weight.

Mean RT:
Obese=Normal weight.

weight loss during
treatment.

60




Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Nederkoorn 25 Overweight children (17 f) | % overweight, SSRT Mean Higher SST = higher | SSRT predicted
et al., 2006b) receiving a behavioural change in % overweight and change in
treatment for overweight overweight least weight lost (at overweight after
all time-points). 12 months (after
controlling for
baseline
overweight), but
overweight did not
predict weight
change after
controlling for
SSRT.
(Nederkoorn 89 | Overweight (n=14, 11 f) Weight status, SSRT RTs ranked SSRT:
etal., 2012) and lean (n=75, 38 f) food vs. neutral from fastest to | Overweight (categorical or
children trials of the SST slowest: nth continuous)>Lean.
reaction
(where n= Group (categorical)
probability of | *condition on SSRT:
responding Overweight>SSRT on food
given a stop but not neutral SST trials.
signal.
(Verbeken et 81 | Overweight (n=41, 25 f) Weight status SSRT, mean | Mean SSRT:
al., 2009) children recruited from a RT Overweight>Lean.

paediatric centre for
obesity treatment and lean
children (n-=40, 22 f)
recruited from schools

Mean RT:
Overweight = Lean.

OTHER EATING BEHAVIOURS

ADULTS




Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Dong et al., 52 Female undergraduate Eating restraint SSRT, mean | Mean® SSRT: ReHo correlated
2014)° students categorised as (RS) RT, RE>URE with SSRT for REs
unrestrained eaters (URE: correlations: only: positive
n=30) or restrained eaters regional Mean RT: correlation with
(RE: n=22) homogeneity RE=URE left insula,
(ReHo) negative
correlation in left
DLPFC.
(Jansenetal., | 63 Female university students | Eating restraint SSRT Mean © Food intake:

2009)

categorised according to

high/low restraint (HR/LR,
RS cut off score of 13) and
high/low impulsive (HI/LI,
SSRT median split): HR-HI
(n=12), HR-LI (n=12), LR-
HI (n=20), LR-LI (n=19)

(RS), Calorie
intake (taste test),
three food
exposure
manipulations:
preload (2
milkshakes),
exposure (smell
of high caloric
foods), control
(Sensation
seeking
questionnaire)

(Exposure=control)
> preload for HR-HI
only.

Restraint correlated
with caloric intake
(all conditions) for
participants with
high (HI) but not low
SSRT (LI).
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Leitchetal., | 75 Normal weight female Eating restraint SSD NA (no SSRT) | SSD:
2013) students categorised on and disinhibition LR>HR,
eating restraint (low/high (TFEQ), eating LD=HD,
restraint = LR/HR) and condition No restraint *disinhibition
disinhibition (low/high (controlled/unrest interaction, no impact of
disinhibition = LD/HD): ricted eating eating condition.
HDHR (n=18), HDLR instructions prior
(n=20), LDHR (n=18), to task
LDLR (n=19) completion)
(Meule etal.,, | 50 Normal weight female Food/neutral of SSRT SSRT=RTm) | SST performance: Mean RT: Mean RT and
2014)° university students who the SSRT, food — SSD, where | Dieters = Non-dieters. Food>Neutral. SSRT in food trials
were dieting (n=15) or not | craving (FCQ-S) m=n (number (but not neutral
dieting (n=35) of responses All other SST trials) positively
in the go RT measures: predicted food

distribution) x
P(respond\signal)

Food = Neutral.

craving scores
(FCQ-S total
scores and
desire/lack of
control subscale
scores).

BMI, dieting
success, food
addiction and food
deprivation did not
correlate with any
SST measure.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Nederkoorn 56 Female undergraduate Eating restraint SSRT, mean | Mean © SSRT:
et al., 2004) students categorised as (RS) RT, food RE>URE (not influenced by
restrained eaters (RE, exposure food exposure).
n=31) and unrestrained half-way
eaters (URE, n=25) through SST Mean RT:
blocks RE=URE.
(van Strienet | 54 | Female university students | Food intake SSRT Mean SSRT: No effect of SSRT SSRT did not
al., 2014) high (n=29) or low (n=25) | (taste test), LEE=HEE. on hunger or total correlate with
in emotional eating emotional eating food/snack intake. emotional eating,
(DEBQ), hunger or food/snack
SSRT*emotional intake.
eating on food
intake: emotional
eating affected
food/snack intake
only in individuals
with low SSRT.
YOUTH
(Hartmannet | 88 | Children with LOC eating LOC eating GRTV NA (no SSRT) | GRTV pre-mood induction:
al., 2013) (n=43, 14 1), children with before and LOC = HC.
ADHD (n=33, 11 f), and after
HC children (n=32, 18 f) negative GRTV:
mood LOC: pre<post induction.
induction

HEALTHY INDIVIDUALS

ADULTS
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Fay et al., 50 | 50 adults who either Initiation of Stop NA (no SSRT) | Stop accuracy:
2015) participants initiated opportunistic accuracy initiators>non-initiators.
optional snacking snacking in taste | (mean %
("initiators™: n=38, 23 f) or | test correct
not ("non-initiators": n=12, inhibition on
5f1) stop trials)
(Giesenetal., | 70 Undergraduate students (53 | Difference in SSRT Mean © SSRT did not affect
2012) f) categorised as high/low calories (total, calories purchased.
impulsive (HI/LI) high
determined by SSRT (HED)/medium Tax reduced and
(median split), randomly (MED)/ low subsidy increased
assigned to a tax/subsidy (LED) energy total calories and
condition: 15 Tax-LI, 16 dense products) HED products
Tax-HI, 20 Subsidy-LI, 19 | purchased in an purchased by those
Subsidy-HI internet with high SSRT, and
supermarket task. LED products
purchased by those
with low SSRT.
(Guerrieri et 86 Female undergraduate Taste test: sugar SSRT Mean © No effect of SSRT

al., 2007a)

students categorised as
high/low impulsive by
SSRT (median split)

beans, eating
pathology
(EDEQ, RS)

on food intake or
eating pathology.
SSRT did not
interact with colour
variety to influence
food intake.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Guerrieri et 38 Normal weight female Food intake SSRT Mean © SSRT did not SSRT significantly
al., 2007b) undergraduate students (taste test). interact with state correlated with
Impulsivity impulsivity total food intake
priming: form manipulation to and was a
impulsivity- influence food significant
related /neutral intake. predictor of total
sentences. food intake.
(Hall et al., 43 Older adults (29 f) (note: High calorie food | % accuracy NA (no SSRT) There was no effect
2015) Study 1 47.6% were overweight or | consumption of SST performance

obese)

(taste test).
Manipulated
eating restraint:
facilitation (no
restriction),
restriction (eat
bare minimum to
make ratings) or
control (no
specific
instructions).

on snack food
consumption in any
of the manipulations
(facilitation,
restraint, control).
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Haynes etal., | 134 | Female undergraduate Snack SSRT Mean ¢ Inhibitory control No correlation
2015) students motivated to consumption moderated the effect | between inhibitory
manage weight through (taste test). of training on food control and BMI,
healthy eating Evaluative intake, and this was hunger, temptation
conditioning mediated by or snack
intervention; temptation. consumption.
Unhealthy food
words (critical Snack intake:
trials) and neutral negative<positive
words (filler food pairing (for
trials) were individuals with high
paired with SSRT only).
positive or Mediation: higher
negative images. temptation = greater
snack consumption.
(Hermans et 85 Normal weight (n=75) and | confederate food | SSRT Mean © No main effect of Behavioural
al., 2013) overweight (n=10) women | intake response inhibition impulsivity was

who completed two study
sessions: one on their own
and one with an
experimental confederate

(no/low/high
intake), total
food intake

or interaction with
confederate intake
on participants' food
intake.

not significantly
correlated with
food intake or
BMI.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Hofmann et 118 | Healthy females Candy (Mean go NA (SSRT not SSRT moderated the
al., 2009) consumption RT - Mean explicitly impact of automatic
(taste test) SSD) * -1 reported: affective reactions
multiplied by (IAT) on candy
-1 to provide consumption:
an index of High SSRT>low
inhibitory SSRT (impact of
control) IAT).
(Houben et 50 Female participants PSRS (weight SSRT Mean © SSRT: Higher SSRT on
al., 2012) ¢ assigned to a food exposure | regulation Exposure>control for the food-specific
(n=26) or control (n=24) success), RS, unsuccessful regulators (not SST (but not the
condition food/general successful regulators) in the general SST) was a
SST, food intake food-specific SST only. significant
(taste test) predictor of food
intake.
(Lattimore 50 Female participants who Food cue SSRT Mean © SSRT:
and Mead, were categorised as low exposure (LI: No main effect of
2015) (LI: n=27) or high n=14, HI: n=11) impulsivity or
impulsive (HI: n=23) based | vs control (LI: condition, but
on BIS-11 scores n=13, HI: n=12) significant
completion of a interaction:
filler task High impulsive:
unrelated to exposure>control
food). Low impulsive:

Exposure=control.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Lowe et al., 34 | Undergraduate students (23 | Food intake Stop NA (no SSRT) Stop accuracy did Accurate inhibition
2014) f) assigned to one of three (taste test) accuracy not interact with was positively
exercise conditions (proportion exercise condition to | correlated with
(minimal, moderate, of failed affect food intake. BMI, but not with
vigorous) stops) food intake.
(Nederkoorn 57 Female participants in a Caloric intake SSRT Mean © Impulsivity SSRT positively
et al., 2009) hunger (n=25) or sated (taste test) interacted with state | correlated with and
Study 1 (n=32) condition hunger, with marginally
participants who predicted food
were both hungry intake.
and impulsive
consuming the
greatest number of
calories.
(Nederkoorn 94 Undergraduate students (77 | Total, snack and | SSRT Mean © SSRT: Participants who BMI and SSRT
et al., 2009) f) non-snack Overweight>Lean (trend) were both hungry were not
Study 2 calories and impulsive significantly
purchased from a purchased more correlated. SSRT
virtual (internet) snack calories, positively

supermarket

however hunger and
impulsivity did not
affect the total or
non-snack calories
purchased.

correlated with
intake of snack
calories, but not
total calories or
non-shack calories.
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT
(Nederkoorn 51 Female undergraduate Weight change SSRT Mean ® Weight gain over a SSRT did not
et al., 2010) students (over 1 year), year: high correlate with
SC-IAT (implicit SSRT>low SSRT weight change,
preference for (only for individuals | BMI or implicit
snack food) with high implicit preference for
preferences for snack | snack food.
foods).
(Papachristou | 50 Adult volunteers (39 f) Acquisition and SSRT Mean © No effect of SSRT
etal., 2013) extinction of on acquisition or
liking and extinction of a
craving of learned craving or
chocolate as a liking response.
conditioned
stimulus
(Wang et al., 60 Male university students BMI SSRT Integration BMI was not
2013) method: associated with
calculated SSRT.
using
distribution of
go RT and
response
probability for
a given SSD
YOUTH
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Measures Findings
Author N& Population Measure of SST main SSRT Impact of eating/ weight Impact of Associations
eating/ weight outcomes calculation on SST inhibitory control between
on eating/weight eating/weight and
SSRT

(Nederkoorn 88 | Children categorised as Taste test SSRT Mean Significant No correlation
etal., 2015) high/low impulsive (HI/LI, | (low/medium interaction between between BMI z-

median SSRT split), tested | /high energy SSRT and food type | score and

before or after lunch: LI- dense foods) on food intake: impulsivity.

before (n=23, 17 f), LI-
after (n=21, 13 f), HI-
before (n=22, 16 f), HI-
after (n=22, 11 f)

HI>LI for HED food
only. This was not
influenced by time of
eating.

2 Final number of participants included in the study
b Included neuroimaging (magnetic resonance imaging) measures.

¢ Included food-specific and neutral/general versions/trials of the SST.
d Gender ratio not provided after participants were excluded from the final analysis.
€ Use of mean/median RT in the SSRT was not explicitly reported (often referred to as “reaction time”): cited other articles for method of calculation.
Abbreviations: f = number of females in sample. ED = eating disorder. BN = bulimia nervosa. EDNOS = eating disorder not otherwise specified. OCD = obsessive compulsive disorder. HC =
healthy controls. SSRT = stop signal reaction time (calculated by subtracting the stop signal delay by mean or median go reaction time). RT = reaction time. % = percentage. SST = stop signal
task. ANR = anorexia nervosa restrictive subtype. ANBP = anorexia nervosa binge-purge subtype. SSD = stop signal delay. R = restrictive subtype. BP = binge-purge subtype. AN = anorexia
nervosa. SD = standard deviation. z-score = standardised score. BMI = body mass index. BED = binge eating disorder. EtOH = abstinent alcohol-dependent participants. c- = controls. Rec-AN =
recovered from anorexia nervosa. fMRI = functional magnetic resonance imaging. mPFC = medial prefrontal cortex. DEBQ = Dutch Eating Behaviour Questionnaire. EDEQ = Eating Disorder
Examination Questionnaire. dACC = dorsal anterior cingulate cortex. FG = frontal gyrus. PCC = posterior cingulate cortex. NR = not reported. SMA = supplementary motor area. IPC = inferior
parietal cortex. vs = versus. * = interaction with. BMI-SDS = body mass index standard deviation scores. CANTAB = Cambridge Neuropsychological Test Automated Battery. logSSRT = log
transformed stop signal reaction time. URE = unrestrained eater. RE = restrained eater. RS = Restraint Scale. ReHo = regional homogeneity. DLPFC = dorsolateral prefrontal cortex. HR = high
restraint. LR = low restraint. HI = high impulsive. LI = low impulsive. LD = low disinhibition. HD = high disinhibition. TFEQ = Three-Factor Eating Questionnaire. NA = not available. FCQ-S
= State Food Cravings Questionnaire. LEE = low emotional eating. HEE = high emotional eating. LOC = loss of control. GRTV = go reaction time variability. HED = high energy dense. MED
= medium energy dense. LED = low energy dense. PSRS = perceived self-regulatory success. BIS-11 = Barratt’s Impulsiveness Scale. SC-IAT = The Single Category Implicit Association Test.
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Table 2. Studies assessing the impact of SST manipulations on eating and weight

Author I\ Population Manipulation SSRT Main outcomes Findings
calculation
(mean/
median)
WEIGHT STATUS
YOUTH
(Verbeken etal., | 44° | Overweight children in an Care as usual (CAU) vs. CAU + executive NR Executive function Baseline SSRT, change in SSRT:
2013) inpatient treatment program (20 | function training (CAU-EF: inhibition and weight loss CAU-EF = CAU
f) assigned to care as usual training (SST) and working memory maintenance
(baseline: n=22, 9 f; 8-weeks training). Weight loss maintenance (8 weeks
post-treatment: n=15; 12-weeks post-treatment):
post-treatment: n=18) or care as CAU-EF>CAU
usual plus executive function
training (baseline: n=22, 11 f; 8-
weeks post-treatment: n=18; 12-
weeks post-treatment: n=18)
OTHER EATING BEHAVIOURS
ADULTS
(Guerrieri et al., 66 | Female undergraduate students: | Manipulated SST instructions to promote Mean © Caloric intake Caloric intake:
2009) Study 2 15 current dieters (CD), 25 low | impulsivity (prioritise go RT) or inhibition No main effect of SST condition but
restrained non-dieters (LRND), | (prioritise accurate stopping). interaction with dieting status:
26 high restrained non-dieters Impulsivity>Inhibition for HRND and
(HRND) LRND
Inhibition>Impulsivity for CD.
(Houben and 35 | Female participants randomly Manipulated SST instructions: Reward Mean © Taste test (energy SSRT:

Jansen, 2014)

assigned to one of two
conditions: reward (n=16) or
control (n=19)

condition (participants rewarded for accurate
performance [fast RT, correct stops]) or
control condition (no additional
instructions).

intake =
weight*caloric
density), SSRT

RE: Reward>Control
URE: Reward = Control

Food intake and craving:
RE: Reward>Control
URE: Control>Reward

HEALTHY INDIVIDUALS
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Author N Population Manipulation SSRT Main outcomes Findings
calculation
(mean/
median)
ADULTS
(Allom and 82" | Undergraduate students (66 f) Participants completed one of three SSTs NR Block food screener | Saturated fat intake:
Mullan, 2015) assigned to one of three daily for 10 days: food-specific inhibition (saturated fat intake), | No main effect of condition or time, no
Study 1 conditions: food specific (stop trials only presented after unhealthy BMI significant interaction.
inhibition (pre-intervention: food images), general inhibition (stop signal
n=29; post-intervention: n=26), | presented randomly either after BMI:
general inhibition (pre healthy/unhealthy food), or control (no stop Pre>Post (food-specific inhibition
intervention: n=25, post- signals presented). intervention only).
intervention: n=21), and control
(pre-intervention: n=28, post-
intervention: n=25).
(Allom and 78" | University staff and students Participants completed one of three SSTs NR BMI, % daily energy | BMI, % energy from fat:
Mullan, 2015) (61 f) assigned to one of three daily for 10 days: food-specific inhibition intake from fat (NCI | No main effects of time or condition,
Study 2 conditions: food specific (stop trials only presented after unhealthy screener) no significant interaction.
inhibition (pre-intervention: food images), general inhibition (stop signal
n=27; post-intervention: n=24), | presented randomly either after
general inhibition (pre healthy/unhealthy food), or control (no stop
intervention: n=26, post- signals presented).
intervention: n=23), and control
(pre-intervention: n=25, post-
intervention: n=23).
(Guerrieri et al., 61 | Normal weight female Changed the proportion of stop trials across NR Calorie intake (taste | Calorie intake:
2012) undergraduate students assigned | SST blocks to promote inhibition (increasing test) Impulsivity > (Inhibition = Control)
to one of three conditions: proportion of stop trials) or impulsivity
inhibition (n=21), impulsivity (decreasing proportion of stop trials). The
(n=20) and control (n=20) control group completed a neutral task (read
and summarised text) but no SST.
(Houben, 2011) 29 | Female undergraduate students | 3 SST conditions (within-subjects design): Mean © Taste test (energy Energy intake:

(note: 17.2% of sample were

inhibition (one food type always paired with

intake =

No main effect of SSRT or SST
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Author N Population Manipulation SSRT Main outcomes Findings
calculation
(mean/
median)
overweight) stop signal), impulsivity (one food type was weight*caloric condition but significant interaction:
never paired with stop signal) and control density) High SSRT: stop food<control food
condition (third type of food was presented Low SSRT: (trend) go food>control
with stop signal on half the trials). food
Control food: High SSRT>Low SSRT
(Lawrence et 54 | University staff and students Modified SST instructions to either withhold | NR Calorie consumption | Calorie intake:
al., 2015b) (32 f) semi-randomly assigned responses (stop-group) or provide an extra (crisps) Double response > Stop group (this
Study 1 to either the stop group (n=29, response (double-response group) on signal was not influenced by self-reported
18 f) or double-response group | trials. Stimuli included food/neutral images, dietary restraint).
(n=25, 14 1) and signal trials occurred predominantly on
food trials. No association between calorie
consumption and overall or
improvement in accuracy in food-stop
trials.
(Lawrence et 136 | University staff and students Modified SST instructions to either withhold | NR Intake of signal and Food intake:
al., 2015b) (100 f) semi-randomly assigned | responses (stop-group), provide an extra no-signal food No main effect of training, food type or
Study 2 to the stop group (n=44, 33 f), response (double-response group), or interaction. Training interacted with
double-response group (n=46, respond as usual (ignore group) on signal dietary restraint:
33 f) or ignore group (n=46, 34 | trials. Signals appeared equally on trials of Stop food: Stop group < Double-
f). images of food and neutral items. One food response group (only for individuals
was nearly always associated with the signal with high dietary restraint).
(signal food) while another was rarely
associated with signals (no-signal food). No correlation between food intake and
overall/improvement in stop accuracy
on food trials.
(Lawrence et 146 | University staff and students Modified SST instructions to either withhold | NR Chocolate and crisp | Food intake:

al., 2015b)
Study 3

(111 f) semi-randomly assigned
to a stimulus-specific stop
group (n=47, 33 f), a stimulus-

responses (stop-group), provide an extra
response (double-response group) on
stimulus-specific signal trials, or withhold a

consumption

No main effect of training. Absence of
training effect was not influenced by
dietary restraint.

74




Author N Population Manipulation SSRT Main outcomes Findings
calculation
(mean/
median)
specific double-response group | response on a general SST (general stop
(n=51, 39 f) or a general stop group; no association between pictures and
group (n=46, 34 f). stop signals). In the stimulus-specific
conditions, one neutral stimulus category
was almost always associated with the
signal, whereas another neutral stimulus
category was rarely associated with the
signal.
(Sellitto and di 40 | Young adult females Two SST conditions: One food rated by the NR Food temporal Impulsive choices (preference for

Pellegrino,
2014)

participant as high in wanting was associated
with low error likelihood (LEF; SSD varied
to enable ~15% errors) and another highly-
wanted food associated with high error
likelihood (HEF; ~50% errors).

discounting task
(preference between
smaller number of
bites now or larger
number of bites later
of a hypothetical
food).

smaller sooner):
LEF>HEF (only for participants low in
hunger)

& Final number of participants included in the study (at the study baseline assessment)
b Gender ratio not reported for follow-up assessments.

¢ Use of mean/median RT in the SSRT was not explicitly reported: cited other articles for method of calculation.

f = number of females in sample. SSRT = stop signal reaction time (calculated by subtracting the stop signal delay by mean or median go reaction time). RT = reaction time. SST = stop signal
task. CAU = care as usual. CAU-EF = care as usual with executive function training. CD = current dieters. LRND = low restrained non-dieters. HRND = high restrained non-dieters. RE =
restrained eaters. URE = unrestrained eaters. * = interaction with. NR = not reported. BMI = body mass index (kg/m?). % = percentage. NCI screener =. LEF = food associated with low error

likelihood. HEF = food associated with high error likelihood.
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