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This study aimed to systematically appraise cross-sectional research that compared the cognitive performance of
individuals in the acute phase of BN and/or AN to HCs on measures of impulsivity and compulsivity. The results
of the systematic review showed support for the trans-diagnostic approach to eating disorders. There was no
strong evidence to support the characterisation of AN as high in compulsivity (and low in impulsivity), nor to
support the characterisation of BN as high in impulsivity (and low in compulsivity). There appeared to be mixed
findings for both impulsivity and compulsivity across AN and BN. Results were highly variable due to the
heterogeneous tasks used, and lack of replication across studies. There was no consensus amongst the included

studies on the most appropriate task and/or outcome measures that should be used to study the constructs of

impulsivity and compulsivity.

1. Introduction

Anorexia nervosa (AN) and bulimia nervosa (BN) are chronic and
disabling illnesses, associated with medical complications, mortality
and reduced quality of life (Agh et al., 2016). Klump et al. (2009) have
highlighted the need for effective treatment to avoid the serious con-
sequences associated with a diagnosis of an eating disorder (ED).
However, the development of effective treatments is hindered by an
incomplete understanding of these illnesses (Fairburn et al., 2003).

1.1. Diagnoses of anorexia and bulimia nervosa

Diagnostic classification of an ED is currently based on observable
or self-reported phenotypes. Although this can be an effective method
of communicating clinical information (First et al., 2004), it fails to take
into account genetic and developmental factors, which could influence
illness progression (Treasure et al., 2007). Interestingly, of those that
have been diagnosed with AN, 55% go on to develop binge-purge
symptoms (Eddy et al., 2008), and almost 30% of individuals with BN
report a history of AN (Keel, 1997), demonstrating shifts between di-
agnostic categories and symptom fluctuation over time (Fairburn et al.,
2003).

As such, recent research has shifted away from these unstable di-
agnostic categories (Anderluh et al., 2003) and towards neurocognition
(Roberts et al., 2003). Examining brain-behaviour relationships could
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lead to a better understanding of EDs as the symptoms are thought to be
underpinned by alterations in cognitive functioning (Tchanturia et al.,
2012), and can therefore be better targeted in treatment.

1.2. Cognitive processing in anorexia nervosa

Researchers have often made comparisons between the clinical
features of AN, such as rigidity in eating behaviour, and Obsessive
Compulsive Disorder (OCD) (Serpell et al., 2006, 2002; Tyagi et al.,
2015). Individuals with a lifetime history of AN score higher on mea-
sures of compulsivity than healthy controls (HCs) (Holliday et al.,
2006), as well as retrospectively report the presence of obsessive-
compulsive features prior to the onset of AN (Brecelj-Anderluh et al.,
2003). Indeed, anxiety disorder symptoms, that may underpin both AN
and OCD, predict ED symptoms and diagnosis in later adolescence
(Schaumberg et al., 2019) Treasure et al. (2007) suggests that these
obsessive-compulsive behaviours are underpinned by trait alterations in
cognitive functioning and information processing styles that could be
considered candidate endophenotypes.

1.3. Endophenotypes in eating disorder research
Endophenotypes reflect heritable enduring characteristics, in-

dependent of the state of the individual. Therefore, the characteristic
will be present both prior to the development of the illness, after
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recovery, and be more likely to be found in non-affected family mem-
bers (Gottesman and Gould, 2003). Treasure et al. (2007) have re-
commended the use of endophenotypes to diagnose and guide treat-
ment recommendations in the field of EDs.

Research examining endophenotypes in AN is more advanced
compared to BN, and has identified cognitive inflexibility as a potential
candidate. Individuals with AN are commonly shown to be rigid in
behaviour and thinking style, perseverative, and inflexible, when
compared to healthy controls (Vitousek and Manke, 1994). Specifically,
research has identified difficulties in set shifting - the ability to move
back and forth between different stimuli, or ‘mental’ sets
(Holliday et al., 2005). This index of cognitive inflexibility has been
observed in those recovered from AN, and to some extent, BN
(Roberts et al., 2007, 2010), in addition to unaffected sisters of those
with AN (Holliday et al., 2005).

A further aspect of executive functioning that has been suggested as
a potential endophenotype is central coherence. Weak central co-
herence reflects a bias towards detailed processing at the expensive of
global processing (Happe and Frith, 2006). Lopez et al. (2008a) de-
scribes individuals with AN and BN as having poorer performance on
tasks measuring central coherence. In addition, Lopez et al. (2008b)
reported superior detailed processing in those with AN. However, the
extent to which this represents a distinct endophenotype not related to
the state of the illness has been debated (Lopez et al., 2008b;
Talbot et al., 2015).

1.4. Compulsivity in anorexia nervosa

Evidence of decreased cognitive flexibility (Roberts et al., 2007) and
disrupted decision making (Lopez et al., 2008a) has led to the con-
ceptualisation of AN as compulsive in nature (Godier and Park, 2014).
Compulsive food restriction and exercise is a key feature of AN
(Dalle et al., 2008). However, the definition of compulsivity does not
incorporate deficits in central coherence. Rather, compulsivity has been
defined as ‘actions inappropriate to the situation which persist, have no
obvious relationship to the overall goal, and which often result in undesirable
consequences’ (Dalley et al., 2011). Dysregulation of the systems that
mediate compulsivity results in negative consequences, or task im-
pairment, and is reflected in perseverative errors and an inability to
switch sets. The compulsive actions performed by individuals with AN
are often repetitive and stereotyped. During the course of AN, the be-
havioural repertoire narrows and compulsive behaviour, such as ri-
tualistic eating and exercise, become more apparent and problematic
(Godier and Park, 2014), suggesting that starvation may at least ex-
acerbate compulsivity once the ED is established. This has also been
conceptualised as ‘over-control’ resulting from excessive inhibition, and
provided the basis for the development of Radically-Open Dialectical
Behaviour Therapy (RO-DBT), for the treatment of AN (Lynch et al.,
2013). The term over-control used in RO-DBT describes not just beha-
vioural actions, but can be used to describe features that span beha-
viour, emotional expression and social connection. Therefore, over-
control is hypothesised to describe behavioural rigidity that is not re-
ceptive to environmental or social feedback, therefore limiting further
opportunities to adapt and acts to reinforce perseverative behaviour
(Chen et al., 2015).

1.5. Impulsivity in bulimia nervosa

Conversely, BN has been described as a disorder of poor impulse
control. The loss of control shown during binge eating and purging has
been related to an inability to inhibit actions (Boisseau et al., 2009;
Claes et al., 2001; Fernandez-Aranda et al., 2009). Evidence comparing
BN and HCs supports this view, showing increased impulsivity in BN
compared to non-eating disordered individuals (Claes et al., 2005;
Mobbs et al., 2008; Newton et al., 1993; Rosval et al., 2006).

Whilst definitions of impulsivity vary, one classic definition of
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impulsivity defines it as ‘actions which are poorly conceived, prematurely
expressed, unduly risky or inappropriate to the situation, and that often
result in undesirable consequences’ (Daruna and Barnes, 1993). This de-
finition suggests that the construct of impulsivity encompasses beha-
viour enacted before the individual has sufficiently sampled all avail-
able evidence; a deficit inhibiting actions; a tendency to make risky
decisions; and a preference for smaller rewards sooner vs. larger re-
wards later, as described by Evenden (1999). Behaviours that might be
categorised as examples of impulsivity according to the definition set
out by Daruna and Barnes (1993) have also been described clinically as
a problem of ‘under-control’ by Lynch and colleagues. For example, an
episode of binge eating in BN could be thought of as an example of
under-control, resulting from poor inhibition of mood-dependent be-
haviour (Hempel et al., 2018).

It is hoped that the investigation of whether the traits of impulsivity
and compulsivity represent distinct endophenotypes that will ulti-
mately aid the identification of individuals at risk, treatment develop-
ment, and more accurate diagnosis. Research examining the rigid,
compulsive nature of AN has already been translated into Cognitive
Remediation Therapy (CRT), which targets the behavioural rigidity
underpinned by the endophenotype of poor cognitive flexibility. CRT
has been shown to enhance the effectiveness of existing treatments,
increase quality of life, and reduce eating disorder psychopathology
(Dahlgren et al., 2014).

Therapies have also been designed to target impulsivity in in-
dividuals with BN, such as DBT (Hill et al., 2011; Safer et al., 2001).
There is preliminary evidence that DBT can be effective for BN
(Hill et al., 2011; Safer et al., 2001). Although the trait of impulsivity
has yet to be established as an endophenotype, understanding the
neurocognitive profile of individuals with BN may improve the un-
derstanding of treatment outcomes and aetiology (Steiger and
Bruce, 2007).

1.6. The transdiagnostic model of eating disorders

The existing research base has been taken to indicate that AN and
BN are diametrically opposed and lie at either ends of an impulsive/
compulsive spectrum (McCluskey et al., al., 1991). Yet, research has
also shown that some elements of impulsivity and compulsivity can co-
occur within the same individual. Furthermore, studies of impulsivity
and compulsivity in EDs have shown contradictory findings, e.g. ele-
vated impulsivity in AN (Favaro et al., 2005). The transdiagnostic
model put forward by Fairburn et al. (2003) suggests that the different
eating disorder diagnoses share similar behaviours and underlying
maintaining factors, such as the over-evaluation of shape and weight.
The transdiagnostic approach proposes that both AN and BN share the
same basic psychopathology, which is expressed in similar behaviours,
such as impulsivity and compulsivity. The frequency with which in-
dividuals migrate from one eating disorder diagnosis to another, most
often from AN to BN, appears consistent with this view (Agras et al.,
2000). Fairburn et al. (2003) claims that, as individuals move from AN
to BN, the core psychopathology related to shape and weight remains
the same, but as the weight increases, the symptoms of starvation, such
as the compulsive rigidity, decrease. The behavioural expression is then
in line with that of BN. Therefore, instead of the traditional view of BN
as a disorder of impulsivity and AN as a disorder of compulsivity, these
constructs may overlap within the same individual (Robbins et al.,
2012). Robbins et al. (2012) has recommended that impulsivity and
compulsivity should be considered transdiagnostically in order to aid
the development of novel treatments. Specifically, they recommended
that research should focus on cross-diagnostic behaviours, rather than
focusing on specific diagnoses. This is in line with the recent Research
Domain Criteria (RDoC) strategy approved and used by the National
Institute of Mental Health (NIMH). This strategy outlines the need to
focus research on constructs, or behaviours, common across psychiatric
disorders, in particular those with neurobiological underpinnings
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(Godier and Park, 2014).
1.7. Impulsivity and compulsivity across eating disorders

However, to date, there have been few studies looking at the co-
occurrence of impulsivity and compulsivity across EDs. Although re-
search has examined impulsivity in BN, most of these studies have not
included individuals with AN, nor have they included measures of
compulsivity. Additionally, the extent to which impulsivity and com-
pulsivity may co-occur across AN and BN is not known. Therefore, a
necessary step before concluding that these constructs represent distinct
endophenotypes, associated with each eating disorder, is to synthesise
and review the existing evidence, to provide a better understanding of
the concepts of impulsivity and compulsivity and their role in AN and
BN.

Existing reviews in the area have been limited by focusing solely on
BN, examining just impulsivity, or overall neurocognitive profile
(Van den Eynde et al., 2011; Waxman, 2009). Meta-analysis across AN
and BN have either been limited in scope or out of date (Wu et al., 2013;
Zakzanis et al., 2010). An updated and more focused review is clearly
warranted, in light of RDoC recommendations and the recent increased
interest in neurocognition and the role of possible endophenotypes in
EDs.

1.8. Objective of the present study

The overall objective of the review is to provide an up to date
synthesis of the research on the traits of impulsivity and compulsivity,
in AN and BN, within the same review. A further aim is to examine
whether these traits are trans-diagnostic, and observed in both BN and
AN. Finally, the review aims to evaluate the extent to which these traits
can be considered as potential endophenotypes. Therefore, the review
will systematically appraise evidence that compares the cognitive per-
formance on measures of impulsivity and compulsivity, between adults
in the acute phase of BN and/or AN, to HCs.

2. Method

This review follows guidelines set out by the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analysis) statement
(Liberati et al., 2009).

2.1. Literature search

The electronic databases Pubmed, Medline, and PsychInfo were
searched using the following terms: (“eating disorder” or “eating dis-
orders” or bulimi* or anorexi*) and (impulsiv* or compulsi* or dis-
inhib* or “loss of control” or persever* or rigid* or “cognitive inflex-
ibility”). All three databases were searched from 2005 to August 2019.
A filter was then applied so that only research articles reporting on
human subjects were displayed. The reference lists of identified studies
and relevant review papers were then examined for any additional re-
ferences not identified in the electronic search. The breakdown and
flow of the search strategy is presented in Fig. 1.

2.2. Inclusion and exclusion criteria

Empirical studies that met the following criteria were included: (1)
were published in English in a peer reviewed journal; (2) reporting on a
behavioural measure of impulsivity or compulsivity; (3) in those aged
18 or above; (4) with a current diagnosis of BN or AN according to
DSM-II, -IV, or -V (Diagnostic and Statistical Manual of Mental
Disorders) or ICD-9 or —10 (International Statistical Classification of
Diseases and Related Health Problems International Classification)
criteria; and (4) with a comparison group of = 10 individuals.

Studies published prior to 2005 were not included to best reflect
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current methods and definitions. Papers that did not report statistical
comparisons between groups were not included. In addition, studies
reporting results from individuals with sub-clinical eating disorders, a
mixed eating disorder group, or without a formal diagnosis of an eating
disorder according to DSM or ICD criteria were excluded. Studies in-
vestigating binge eating disorder and EDNOS/OSFED were not included
as this was beyond the scope of the current review. Duplicate pub-
lications were also excluded from any further analysis.

2.3. Study selection

During the first stage of screening the title and abstracts of identi-
fied articles were examined according to the a priori defined inclusion-
and exclusion- criteria. Where this provided insufficient information for
assessment against the criteria, stage two involved obtaining and
screening full text articles. This was done independently by the first
author (MH) and a further rater (CH), with moderate to good inter-rater
reliability (x = 0.73). Studies for which there were disagreements or
uncertain decisions were re-evaluated by the principle investigator
LO).

2.4. Quality assessment of included studies

The methodological quality of included studies was assessed ac-
cording to the STROBE statement. The STROBE checklist consists of 22
items that assess the quality of scientific articles. The checklist was used
to calculate the percentage of STROBE criteria met by each article
(known as the STROBE score). These scores are presented as part of
Table 1. Overall quality assessment from A-C was used in place of a sum
score (Juni et al., 2001). This method has been used in previous reviews
(Olmos et al., 2008; Teti et al., 2014). The three categories of global
quality assessment were as follows: (A) the study fulfilled more than
80% of STROBE criteria, (B) the study met between 50 and 80% of
STROBE criteria, or (C) the study met less than 50% of STROBE criteria.

2.5. Data synthesis

The following data from eligible studies was collected: (1) sample
sizes, (2) diagnoses of patient sample, (3) type of neurocognitive task
used, and (4) mean BMI and standard deviations of each group.

2.6. Definition of terms

2.6.1. Impulsivity

The term impulsivity has been used to describe a variety of beha-
viours, and the precise definition of impulsivity remains difficult due to
the multi-faceted nature of the concept (Waxman, 2009). Researchers
have often investigated a variety of behaviours labelled as impulsive,
utilising multiple definitions (Evenden, 1999). Therefore for the pur-
pose of clarity, the definition of impulsivity provided by Daruna and
Barnes (1993), wherein impulsivity is defined as ‘actions which are
poorly conceived, prematurely expressed, unduly risky or inappropriate to
the situation and that often result in undesirable consequences’ will be used
in the current review.

2.6.2. Compulsivity

The definition of compulsivity provided by Dalley et al. (2011),
wherein compulsivity is defined as ‘actions inappropriate to the situation
which persist, have no obvious relationship to the overall goal and which
often result in undesirable consequences’ will be used in the current re-
view, including aspects of compulsivity such as attentional set-shifting,
perceptual set-shifting and reversal learning. It is important to note that
this definition of compulsivity does not include deficits in central co-
herence, nor performance on broad measures of executive functioning,
as central coherence has been the subject of a recent systematic review
(Lang et al., 2014), and the inclusion of broad measures of executive
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Records identified through
database searching
(n =6515)

Additional records identified
through other sources
(n=6)

Records after duplicates removed

(n = 5605)

Records screened
(n = 5605)

Records excluded
(n = 5498)

3

Full-text articles assessed

Full-text articles excluded,

for eligibility with reasons
(n=107) (n=69)
+ 32 did not have an

(n=38)

Studies included in
qualitative synthesis

adequate comparison
group of either
HC, AN, or BN.

31 did not include 2
standalone behavioural
measure of impulsivity or
compulsivity.

1 included samples with
subthreshold diagnoses.

Fig. 1. PRISMA flow diagram.

functioning is beyond the scope of the current review.

3. Results

Thirty-eight studies comparing individuals with AN, BN and HCs on
measures of impulsivity and/or compulsivity (Table 1) met the inclu-
sion criteria. See Fig 1 for the number of studies included and excluded
at each stage of the review. Table 1 provides data on participant
characteristics, tasks used, and outcome measures.

The main observations were as follows: (1) Sample sizes tended to
be small, and only five out of the 40 studies conducted power calcu-
lations to estimate required sample size (Abbate-Daga et al., 2011;
Carral-Fernandez et al., 2016; Roberts et al.,, 2011, 2010; Van den
Eynde et al., 2012a). The median size and range for each sample was as
follows: AN = 34 (10 - 215), BN = 26 (12 - 83), and HCs = 40 (13 -
216). (2) The outcome measures and methods of assessment varied
across studies. (3) The majority of studies (n = 30), were conducted in
Europe, and all were conducted in first world countries. (Of note, four
papers included in this review draw from data from two studies, and are
therefore only counted as two studies, as opposed to four.) (4) Studies
mainly included only female (N = 35) participants. (5) Of the 40 in-
cluded studies, 16 compared AN to HCs, 9 compared BN to HCs, and 13
studies included comparisons between AN, BN, and HCs. Results are

presented separately for the different facets of impulsivity and com-
pulsivity, beginning with a description of the tasks commonly used to
measure each facet. This is in line with previous reviews that have re-
ported findings according to different neurocognitive constructs
(Duschesne et al., 2004; Zakzanis et al., 2010).

Firstly, the findings for the different neurocognitive domains of
impulsivity are presented in the following order: action inhibition, ac-
tion restraint, action cancelation, interference control/verbal inhibi-
tion, risk taking, and planning. Secondly, findings for the different
cognitive domains of compulsivity are presented in the following order:
attentional set-shifting, perceptual set-shifting, reversal learning, and
tasks that measure both attentional set-shifting and reversal learning.
Where a task is hypothesised to measure more than one construct, such
as the WCST (inhibition and set-shifting), placement in a specific do-
main is arbitrary and findings should still be considered as applying to
more than one construct. See Fig. 2 for a diagram to show the over-
lapping subcomponents of impulsivity and compulsivity presented in
this review (based on Robbins et al. (2012)).

3.1. Impulsivity

3.1.1. Action inhibition
The term action inhibition describes the prevention of a planned
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Table 1

Summary of studies investigating impulsivity and compulsivity in AN and BN.

Psychiatry Research 293 (2020) 113354

Author & Date Country Participants ~ Gender Age BMI Neurocognitive Task Quality Assessment (STROBE"
score”%)
Abbate-Daga et al. (2011) Italy AN-R = 30 F 2413 + 6.16 15.62 = 1.66 WCST' B (77%)
HC = 30 24.67 + 2.64 21.04 * 2.18 IGT*
T™T?
HscT*
Abbate-Daga et al. (2014) Italy AN = 94 F 2474 + 7.25 15.17 + 1.98 WCST! B (50%)
HC = 59 25.08 + 3.23  20.64 + 2.01
Adoue et al. (2015) France AN = 63 F 30.3 = 11.2 15.8 = 2.0 IGT? B (68%)
HC = 49 248 = 7.1 13.6 = 2.3 BART®
PRLT®
Aloi et al. (2015) Italy AN = 45 F 22.8 = 5.6 155 = 1.4 IGT? B (63%)
HC = 45 25.6 = 3.5 20.2 = 1.6 TMT®
WCST!
HSCT*
Bartholdy et al. (2017)a UK AN = 28 F 30.0 = 10.51 16.55 + 1.79 Cued Reaction Time Task B (73%)
BN = 27 253 *+ 6.85 2257 + 33 S’
HC = 28 24.64 = 514 22.04 + 2.03
Bartholdy et al. (2017)b UK AN = 28 F 30.0 = 10.51 16.55 = 1.79 TD'* B (68%)
BN = 27 25.3 = 6.85 22,57 = 3.3
HC = 28 24.64 = 514 22.04 + 2.03
Boisseau et al. (2012) USA HC = 21 F 24.24 + 3.47 22,22 + 2.28 SS7 C (40%)
BN = 12 23.48 = 4.37 22.30 = 3.75
Brand et al. (2007) Germany BN = 14 F 21.86 = 3.30 21.57 = 3.84 GDT® B (63%)
HC =14 21.64 * 290 21.33 * 2.30 Colour-Word Interference
T™MT®
Nelson's Modified CST?
TOL"
ROCFT"'
Brogan et al. (2010) Italy HC = 20 F 27.27 * 6.99 21.55 = 1.42 IGT? B (59%)
AN = 22 29.09 * 7.36 16.03 + 2.04
BN = 17 29.94 * 6.41 31.87 + 9.42
Butler et al. (2005) UK AN = 15 F 27.9 = 9.9 Not Reported Bets-16 C (45%)
HC = 16 28.4 + 8.3 22.75 Continuous Performance Test
Camacho Ruiz et al. (2008) Mexico BN = 26 F Not Reported Not Reported ~ WCST' B (50%)
AN = 10 Stroop
HC = 36 rROCT"!
TOL'®
Claes et al. (2006) Germany AN-R =20 F 23.0 = 6.6 Not Reported ~ Stop-go Task B (50%)
AN-P = 14 21.7 + 6.8
BN = 22 22.7 + 5.8
HC = 83 20.1 = 3.1
Collantoni et al. (2016) Italy AN = 85 F 227 = 7.0 159 = 15 ss’ B (71%)
HC = 106 23.7 + 6.6 21.5 + 3.2
Danner et al. (2012) Netherlands AN = 16 F 25.63 + 541 14.65 += 1.7  Bergs CST'? B (54%)
HC = 15 25.80 + 4.69 21.46 + 229 ROCFT'
IGT”
Fagundo et al. (2012) Spain AN = 35 F 28.1 + 8.2 172 + 1.4 Stroop B (63%)
HC = 137 248 + 7.0 215 + 2.7 IGT”
WCST!
Galderisi et al. (2011) Italy BN = 83 F 240 + 4.3 21.5 + 3.7 WCST! B (63%)
HC = 77 238 + 3.4 21.5 * 2.6
Galimberti et al. (2012) Italy AN-R = 24 F 26.70 = 9.58 14.26 + 1.21 SS/ B (59%)
AN-B = 12 27.08 = 8.86 15.05 + 1.55 ID-ED Set Shifting
BN = 16 2531 * 579 20.43 + 3.65
HC = 40 2595 * 841 19.21 * 1.57
Holliday et al. (2005) UK AN = 47 F 26.3 = 10.2 179 = 2.7 TMT® Cat Bat Task B (72%)
HC = 47 26.5 + 6.1 221 * 23
Kekic et al. (2016) UK BN = 39 Mixed 25.85 * 6.62 21.65 + 3.2 TD" B (68%)
HC = 53 25.55 * 7.33 21.71 = 217
Kemps and Wilsdon, 2010 Australia BN = 13 F 22.17 + 3.88 23.61 * 261 Stroop C (45%)
HC = 13 20.76 + 3.39 2242 + 3.35 HSCT*
MFFT"®
Lee et al. (2017) Korea BN = 13 F 23.7 = 2.2 215 + 2.2 Stroop B (66%)
HC = 14 233 = 22 20.4 = 2.6
Liao et al. (2009) UK BN = 26 F 27.8 = 6.1 25.3 = 4.7 IGT? B (54%)
HC = 51 29.4 + 9.6 23.1 = 39
AN = 29 285 = 9.17 155 = 1.3
Lopez et al. (2008) UK BN = 42 F 27.0 = 7.2 21.7 + 2.4 ROCFT"! B (72%)
HC = 42 26.3 + 6.4 219 + 2.7
AN = 42
Marsh et al. (2009) USA BN = 20 F 257 = 7.0 2292 + 2.3  Simon Spatial Incompatibility Task B (77%)
HC = 20 26.35 = 5.7 2224 = 2.2
Mobbs et al. (2008) Switzerland BN = 18 F 25.11 + 3.88 20.38 *= 2.61 Affective Shifting Task B (63%)
HC = 18 24.28 + 336 21.02 * 1.64

(continued on next page)



M. Howard, et al.

Table 1 (continued)
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Author & Date Country Participants ~ Gender Age BMI Neurocognitive Task Quality Assessment (STROBE"
score”%)
Nakazato et al. (2009) UK AN = 29 F 28.3 = 11.0 156 = 1.6 WCST! B (68%)
HC = 28 269 + 5.8 223 + 25
Pignatti et al. (2013) Italy AN = 23 F 29.1 = 7.4 16.0 = 2.0 HSCT? B (50%)
BN = 17 299 * 6.4 319 * 9.4 TMT?
HC = 20 27.8 = 7.0 21.6 = 1.6 WGCST!
Roberts et al. (2010) UK ANR = 35 F 23.71 + 6.39 17.98 + 2.18 TMT® B (72%)
ANBP = 33 25.58 + 7.64 17.88 = 3.0 WCST!
BN = 30 26.43 *+ 6.84 21.66 = 2.94 Brixton
HC = 88 28.43 + 8.47 22.07 = 1.79 Haptic Illusions
Roberts et al. (2011) UK AN = 35 F 23.71 *+ 6.39 17.98 + 2.18 Group Embedded Fig. Test B (63%)
AN-B = 33 25.58 *+ 7.64 17.88 *= 3.00 ROCFT'!
BN = 30 26.43 *+ 6.84 21.66 = 2.94
HC = 88 28.43 + 8.43 22.07 += 1.79
Rosval et al. (2006) Canada BN = 79 F 25.04 *+ 6.42 21.30 = 1.91 Go/No-Go Task C (36%)
ANBP = 17 25.59 *+ 7.71 16.66 *+ 1.67
ANR = 18 2456 + 10.21 17.13 *= 1.52
HC = 59 24.32 *+ 6.19 21.93 = 2.22
Sherman et al. (2006) USA AN = 18 F 25.56 * 5.8 16.68 + 1.1  ROCFT" B (63%)
HC = 19 25.68 + 5.3 2222 + 1.8
Southgate et al., 2008 UK HC = 26 F 27.27 + 11.52 21.95 + 3.42 MFFT"” B (68%)
AN = 20 26.80 *+ 8.49 16.31 += 2.64
BN = 14 25.71 + 4.94 21.12 + 6.67
Steward et al. (2017) Spain AN-R =37 F 23.4 = 7.22 16.15 + 1.83 Paper-and-pencil monetary choice B (70%)
AN-BP = 19 28.6 = 6.56 16.65 + 0.88  task
HC = 80 23.0 = 4.43 21.62 + 3.22
Talbot et al. (2015) Australia AN = 24 Mixed 21.0 14.99 + 1.83 ROCFT" B (54%)
HC = 43 21.5 21.81 + 1.48 MFFT"”
WCST!
Tchanturia et al., 2012a UK AN = 171 F 25.4 = 8.2 15.2 = 1.9 WCST! B (68%)
BN = 82 27.3 = 83 21.3 = 24
HC = 199 27.7 = 8.8 219 = 19
Tchanturia et al. (2011) UK HC = 216 F 27.0 = 7.9 219 = 1.8 Brixton A (81%)
AN = 215 269 + 8.2 15.0 = 1.7
BN = 69 27.7 + 7.8 21.0 = 2.1
Tchanturia et al., 2012b UK & Spain AN = 19 M 27.22 *+ 8.54 17.49 + 2.64 IGT? B (68%)
AN = 29 F 27.52 £ 7.49 16.59 *= 1.20
HC = 20 M 25.42 + 7.63 23.54 = 3.78
HC = 41 F 22.2 = 5.68 22.1 * 3.94
Van den Eynde et al. (2011) UK HC = 65 F 24.0 = 2.6 222 + 3.3 Stroop B (63%)
BN = 40 28.3 = 8.1 252 * 7.2 Go/No-Go
GDT®

Task abbreviations:.

! Wisconsin Card Sorting Task,.

Iowa Gambling Task,.

Trail Making Task,.

Hayling Sentence Completion Task,.

Balloon Analogue Risk Task,.

Probabilistic Reversal Learning Task,.

Stop Signal Task,.

Game of Dice Task,.

Nelsons Modified Card Sorting Task,.
Tower of London/Hanoi,.
Rey-Osterrieth Complex Figures Task,.
Bergs Card Sorting Task,.

Matching Familiar Figures Test,.

Temporal Discounting Task.
@ Strengthening the Reporting of Observational Studies in Epidemiology.
b Scale of A-C.
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physical response, and a deficit in this ability has been used as a be-
havioural estimate of impulsivity (Eagle et al., 2008). This process has
been measured using a variety of behavioural tasks, such as the Go/
NoGo task and the Stop Signal Reaction Time Task, (Logan, 1994).
However, these tasks can be used to measure a variety of outcomes
(such as errors and response times to different targets), which have
been used as evidence of slightly different sub-constructs of action in-
hibition, (Dalley et al., 2011). Schachar et al. (2007) differentiated
between action restraint; the ability to withhold a response tendency,
and action cancellation; the ability to cancel a pre-planned action.

Studies investigating the different components of inhibition are dis-
cussed separately below.

3.1.2. Action restraint

The Go/NoGo task assesses the capacity for stimulus discrimination
and action restraint. Participants are told that there will be a series of
rapidly presented stimuli, which will either be target items or dis-
tractors. Participants are required to manually respond to target words,
and withhold responses to distractor stimuli (Murphy et al., 1999). The
outcome measures from this task are the time taken to respond
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Fig. 2. Diagram to illustrate the overlapping constructs of impulsivity and
compulsivity. Adapted from Robbins et al. (2012).

(response times), incorrect responses to distractor stimuli (commission
errors), and failures to appropriately respond to target stimuli (omission
errors). Commission errors are hypothesised to be maximally sensitive
to deficits of action restraint (Rosval et al., 2006).

Two studies have used the Go/NoGo task to assess problems of ac-
tion restraint. One study used a Go/NoGo task with monetary reward
and punishment (Bruce et al., 2003; Rosval et al., 2006), and one
without (Van den Eynde et al., 2012b). Both studies showed no dif-
ferences between groups on errors of omission. Van den Eynde
et al. (2012b) showed no differences between individuals with BN
compared to HC on total commission errors, indicating no difference in
action restraint. Similarly, Rosval et al. (2006) demonstrated no dif-
ferences between groups (AN, BN & HC) for total commission errors.

Another variant of the Go/NoGo task that measures action restraint
is the Affective Shifting task (AFT). The AFT differs from the Go/NoGo
task as the block order is arranged to provide an additional measure of
flexibility in shifting from responding to one set of instructions, versus
another. In addition, affective or personally relevant stimuli (such as
food or body words) are used to examine any potential attentional
biases. Therefore the outcome measures assess both action restraint and
interference control. Only one study examined the difference between
individuals with BN and HC using the AFT (Mobbs et al., 2008). In this
particular version of the AFT, food and body words were used as sti-
muli. Overall there were no group differences between BN and HCs for
total RTs, or for either body or food RTs. However, individuals with BN
had lower discrimination ability, showing a lower proportion of hits to
false alarms, but an overall higher number of hits and false alarms,
indicating a difficulty with action restraint. Specifically, individuals
with BN had a higher number of hits and false alarms for food words
only, suggesting a food specific action restraint impairment. No other
significant between group differences were found, including measures
of interference control/shifting ability.

3.1.3. Action cancellation

The Stop Signal Task (SST) largely assesses action cancellation.
During this task, participants are instructed to respond as quickly as
possible to a reaction time task. However, on a percentage of trials the
participant is instructed to cancel a response, by the sounding of a ‘stop
signal’. The time taken to stop the response is termed the Stop Signal
Reaction Time (SSRT), which provides a measure of action cancellation.
Other outcome measures include mean RTs for correct ‘go’ trials, and
total errors on ‘go’ trials. Five studies used the SST to examine differ-
ences in action cancellation between groups (Bartholdy et al., 2017;
Boisseau et al., 2012; Claes et al., 2006; Collantoni et al., 2016;
Galimberti et al., 2012). Galimberti et al. (2012) used the SST to look at
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differences between individuals with AN-Re, AN-Be, BN, and HCs.
Overall both AN-Be, and AN-Re groups displayed increased SSRTs
compared to HC. There were no differences between groups for mean
RTs for correct ‘go’ trials. Moreover Bartholdy et al. (2017), who
compared AN and HC groups, found that the AN group showed the
greatest stop accuracy, as well as the slowest RT on go trials. Similarly,
Collantoni et al. (2016), comparing HCs with both a weight-restored
and underweight AN sample, found that the underweight AN patients
demonstrated significantly longer RT than healthy women and weight-
recovered patients. Conversely, Claes et al. (2006) found no difference
between AN-R, AN-P, BN and HC groups for any of the SST outcome
measures. This is in line with findings from Boisseau et al. (2012) who
also found no evidence of impaired action cancellation in those with BN
compared to HCs.

3.1.4. Inference control/verbal inhibition

Interference control is another form of cognitive control, which is
similar to inhibition, but requires the suppression of a competing dis-
tractor stimulus, whilst simultaneously initiating an alternative re-
sponse (Nigg, 2000). Measures of interference control used in the in-
cluded studies of the current review (see Table 1) include the Stroop
test, Hayling Sentence Completion Test, and the Simon Spatial In-
compatibility Task. These tasks are discussed in turn below.

3.1.4.1. Stroop test. The Stroop test (Stroop, 1935) was designed as a
measure of executive functioning. Typically participants are given two
lists of colour words, and asked to read these aloud. The first list
contains words printed in the congruent coloured ink, whereas the
second list is printed in an incongruent colour. The accuracy and time
taken for the participant to name the printed colour is then recorded.
An interference measure is then calculated as the number of correctly
named colours for the incongruent list, minus the correctly named
colours for the congruent list. Therefore higher interference scores
indicate superior interference/inhibitory control. The original Stroop
task has been adapted into an ‘Emotional Stroop’ in which affective or
personally relevant distractors are used instead of the incongruent
colour words. Five studies used a version of the Stroop task to measure
interference. Kemps and Wilsdon, (2010), Van den Eynde
et al. (2012b), and Fagundo et al. (2012) used the original pencil and
paper version of the Stroop task to examine differences between
individuals with BN and HC. One study showed evidence for
impaired interference control for BN compared to HC (Kemps &
Wilsdon, 2010), but the other study showed no differences between
BN and HC (Van den Eynde et al., 2012b). Fagundo et al. (2012) found
that individuals with AN were significantly impaired when compared to
HCs. The final two studies used a computerised version of the Stroop
(Ruiz et al., 2008) (Camacho Ruiz et al., 2008; Lee et al., 2017) that
included food and body words. Camacho Ruiz et al. (2008) found that
individuals with AN or BN showed a specific interference effect for
negative body shape words, making more errors. In addition,
individuals with BN took significantly longer for the negative word
list compared to HCs. Similarly, Lee et al. (2017) observed significant
differences between individuals with BN and healthy controls, with the
BN sample showing lower accuracy. There were no statistically
significant differences between BN and HC groups on response times;
however, the BN sample showed the highest response times.

The Colour-Word Interference test is very similar to the Stroop task
and also assesses interference control. Only one study (Brand et al.,
2007) in the current review used this task, and found no evidence for
adifference in performance between individuals with BN and HCs.

3.1.4.2. Hayling sentence completion test. The Hayling Sentence
Completion Test (HSCT) was developed by Burgess and
Shallice (1996), and measures the interference between response
initiation and suppression. Participants are read two different sets of
incomplete sentences, and are asked to respond by providing the last
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word to complete the sentence. In the first condition (HSCT- initiation),
the response given by the participant has to fit the context of the
sentence. However, in the second condition (HSCT-suppression), the
response has to be irrelevant, although still grammatically correct
(Borella et al., 2010). The outcome measure of interference cost is the
total number of correct HSCT-suppression completions minus the
correct HSCT-initiation completions. A lower score therefore indicates
a deficit in interference/inhibitory control. Kemps and Wilsdon (2010)
Abbate-Daga et al. (2011) and Aloi et al. (2015) used the standard
version of the HSCT and showed mixed findings. Kemps and
Wilsdon (2010) found that those with BN performed significantly
worse than HCs. In a separate study, individuals with AN-R were also
found to have a lower score compared to HCs (Abbate-Daga et al.,
2011). However, Aloi et al. (2015) found no differences in performance
between individuals with AN and HCs. The fourth study to use the
HSCT (Pignatti and Bernasconi, 2013) adapted the original version to
be used in Italian, with a reduced number of sentences in each
condition. This study showed no evidence of a deficit in interference
control for those with AN or BN compared to HCs.

3.1.4.3. Simon spatial incompatibility task (SSI). The SSI task measures
the interference that results from the side of the screen that the stimulus
appears on, and the direction that the stimulus points. During this task,
stimuli are presented on the screen in the form of arrows, pointing to
the left or right, and appearing on either the left or right of a central
midline. Therefore, a congruent trial would be when an arrow pointed
to the right and the stimulus appeared on the right, whereas an
incongruent trial would be when an arrow pointed to the right but
the stimulus appeared on the left. The main outcome measures are the
time taken for the participant to respond, and the accuracy of response
(number of errors). An interference measure is then calculated as the
mean RTs for incongruent minus congruent trials, and accuracy for
incongruent minus congruent trials. The one study to use this measure
(Marsh et al., 2009) demonstrated that individuals with BN have
smaller RT interference scores than HC, but make more interference
errors. This indicates a speed accuracy trade off, whereby individuals
with BN tend to respond as quickly as possible at the expense of
accuracy.

3.1.4.4. Cued reaction time (RT) task. The cued RT task, similar to the
SSI, measures proactive interference in two ways. Firstly, “preparation
costs” reflects the extent to which participants’ responses are slowed
down when not all stimuli are targets for response. Secondly, “warning
benefit” is the degree to which RT on cued trials benefit from longer
stimulus onset asynchrony (e.g. 0 (no cue), 100, 300, or 500 ms till
target appears). During the task, a fixation cross, flanked by two empty
crosses, is continuously presented on the screen. On each trial, a visual
target in the form of a large yellow dot appears in one of the two boxes.
Participants are instructed to indicate the location of the target by
pressing the corresponding arrow key as quickly as possible. On some
trials, the target is preceded by a spatially uninformative warning cue.
This cue is intended to reduce uncertainty regarding the requirement of
a response, but gives no information regarding what motor response
will be required: participants are informed that the presence of the cue
is warning them that the target will soon be appearing, and are
reminded to only respond to the target and not the cue. One study
utilised this measure (Bartholdy et al., 2017) finding no differences
between AN, BN, and HC groups on “preparation costs” (assessed by
comparing mean RT's in all trials) nor “warning benefit”.

3.1.5. Risk taking

Almost all real-world behaviour has a certain chance, or risk, of a
given outcome, which could be positive or negative (Leigh, 1999;
Lejuez et al., 2002). However, for the purpose of the current review,
risk taking is defined as the engagement in behaviour to obtain a spe-
cific outcome that has an associated probability of being
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disadvantageous or potentially harmful (Leigh, 1999). The assessment
of a construct such as risk taking is difficult, and has previously been
measured using self-report instruments (Barratt, 1985; Eysenck et al.,
1985; Whiteside et al., 2005). However, the degree to which subjective
bias and social desirability can influence responses is debated
(Ladouceur et al., 2000). Therefore, a more accurate assessment of risk
taking should utilise a behavioural measure to reduce potential bias
(Lejuez et al., 2002). Measures of risk taking employed in this review
include the Bets-16 Task, Game of Dice Task and the Iowa Gambling
Task.

3.1.5.1. Bets-16 task (Butler and Montgomery, 2005). During this task
participants are given 16 pairs of two outcome hypothetical bets,
presented in a pie chart format. Each pair of bets has an identical
expected value; however one choice (guaranteed win) has a large
likelihood of a win of a small amount of money vs. a small likelihood of
winning a larger amount. In contrast the other choice (long shot)
provides a small chance of winning a large amount, or a high chance of
winning nothing. Points are awarded for each long shot chosen, which
is the more ‘risky choice’. The main outcome variable is this net score,
and therefore, a higher overall score indicates more risk taking
behaviour. There was only one study to use the Bets-16 Task in
individuals with an eating disorder (AN). This study found no
evidence of a difference between AN and HC in the number of risky
decisions made (Butler and Montgomery, 2005).

3.1.5.2. Game of dice task. The Game of Dice Task (GDT) was designed
by Brand et al. (2005) to assess risky decision making in a gambling
situation. Participants are given an imaginary starting capital of $1,307
and told to increase this amount through 18 rolls of the dice. At the
beginning of each trial, participants are asked to choose a number that
will occur in the next throw from a set of fixed options. These options
have fixed probabilities of wins and losses, and the associated risk,
along with the wins and losses can be easily determined by the
participant. In addition, the participants receive immediate feedback
based on the choices that they make. Choices are then categorised as
either high risk (disadvantageous) or low risk (advantageous). The
main outcome variable is calculated by subtracting the disadvantageous
from the advantageous choices. Therefore a lower overall score would
indicate a higher proportion of disadvantageous choices, indicating
risky decision-making. Two studies (Brand et al., 2007; Van den Eynde
et al., 2012b) examined differences between BN and HC using the GDT.
Van den Eynde et al. (2012b) showed differences between BN and HC in
the number of disadvantageous choices. However, Brand et al. (2007)
demonstrated that individuals with BN choose the disadvantageous
choice significantly more frequently, when compared to HCs and
accordingly had a lower net score.

3.1.5.3. Iowa gambling task. The Iowa Gambling Task (IGT) was
originally developed to assess real life decision-making in patients
with damage to the ventromedial prefrontal cortex. Individuals with
damage to this area choose outcomes that yield high immediate gains,
despite losses in the future (Bechara et al., al.,1994). The IGT is thought
to mimic real life decision making as it combines factors such as
uncertainty, reward, and punishment, and assesses the ability of the
individual to discount immediate rewards in favour of future gains
(Dunn et al., 2006). The computerised version of the IGT consists of
four identical looking decks of cards (A, B, C, & D). Participants are
given a hypothetical loan of £2,000 and told to make 100 choices
between each of the four decks. The participants are told that although
each selection will result in winning some money, there will also be
immediate losses following some choices, and the aim is to win as much
money as possible. Unknown to the participants, the values of the decks
have already been determined. Decks A and B are labelled the
disadvantageous decks which give higher rewards, but also larger
losses and are therefore more risky. In contrast, decks C and D are
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labelled the advantageous decks as they pay out small amounts but
rarely give losses and are therefore safer. The 100 choices are then
divided into 5 blocks of 20, and a net score for each block is calculated.
The net score for each block consists of the total choices from the
advantageous decks C and D, subtracted from the disadvantageous A
and B decks. In addition, a global net score can be computed as the
mean of the choices made across all 100 trials.

Eight studies included in the current review examined IGT perfor-
mance in individuals with an eating disorder, compared to those
without (Abbate-Daga et al., 2011; Adoue et al., 2015; Aloi et al., 2015;
Brogan et al., 2010; Danner et al.,, 2012; Fagundo et al., 2012;
Liao et al., 2009; Tchanturia et al., 2012b). Liao et al. (2009) showed a
significant difference in the net score for all five blocks, and in global
net score between both individuals with BN and HCs and individuals
with AN compared to HCs, with both eating disorder groups showing
diminished decision making. Similarly, Brogan et al. (2010) demon-
strated lower global net scores in BN vs. HC, and AN vs. HC, but no
difference between eating disorder groups. Block net scores were sig-
nificantly different for blocks 3 and 4 for BN vs. HC and significantly
different for blocks 3, 4, and 5 between AN and HC, with BN and AN
groups performing worse. In line with this, Tchanturia et al. (2012b)
reported that a mixed gender sample of individuals with AN performed
significantly worse compared to HCs for all blocks except the first.
Additionally, Abbate-Daga et al. (2011) showed that individuals with
AN-R consistently performed worse when compared to HCs for total
score and for the first and last fifty trials; a result also shown by
Fagundo et al. (2012) who found that individuals with AN compared to
HCs performed worse across all five blocks and for total IGT score.
However, Danner et al. (2012) only showed significantly lower per-
formance for AN compared to HC groups for total scores, but not for any
individual block scores. Further to this, Aloi et al. (2015) and
Adoue et al. (2015) showed impaired performance for total IGT scores
when comparing individuals with AN to HCs, but different pattern of
results across scores for the individual blocks. Only scores for blocks
three, four, and five were significantly different for AN vs. HC groups
for Adoue et al. (2015), compared to blocks two and three for
Aloi et al. (2015).

3.1.5.4. Balloon analogue risk task (BART). This computerised task
models real-world risky decision making by requiring the participant
to balance the potential for reward and loss. Participants are presented
with a balloon on the computer screen, and told that they have the
opportunity to win money by pressing a button and pumping the
balloon up. Each pump of the balloon is incremental and the bigger the
balloon is pumped the greater the potential reward, if the participant
‘cashes out’ before it explodes. The point at which the balloon over-
inflates and explodes is variable and participants are not told these
contingencies. If the balloon bursts without the participant ‘cashing in’,
then the earnings for that trial are lost. Risky decision making is
measured as the adjusted average number of pumps on an unexploded
balloon (Lejuez et al., 2002).

One study which examined performance on the BART in those with
an ED showed that individuals with AN make significantly fewer risky
decisions compared to HCs (Adoue et al., 2015). Individuals with AN
made fewer balloon pumps on unexploded balloons compared to HCs,
indicative of lower risky decision making.

3.1.6. Planning

Adequate planning is the ability to successfully organize a sequence
of actions or behaviours in order to take the individual from a current
state to a specified goal state (Unterrainer and Owen, 2006). Planning is
involved in most everyday activities, and a lack of adequate planning
has been suggested to be a part of impulsivity (Moeller et al., 2001).
Tasks that have been used to measure planning ability include The
Tower of London/Hanoi and The Rey-Osterrieth/Complex Figures Task.
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3.1.6.1. The Tower of London. The Tower of London Task (TOL)
requires participants to transfer different coloured beads between
three rods, of varying length, so that larger beads are never put on
top of smaller beads, in order to achieve a specified goal arrangement
(Shallice, 1982). The difficulty of the task can be manipulated by
changing the goal arrangement of the beads, or the initial bead
placement. The task is hypothesised to involve elements of
impulsivity, planning and visuo-spatial working memory. Two studies
in the current review used the TOL to assess differences between HCs
and ED groups. Brand et al. (2007) compared individuals with BN to
HCs but found no differences in performance for the TOL task.
Ruiz et al. (2008) compared those with BN, AN, and HC. Although
there were no differences in the total number of movements, both AN
and BN groups took significantly longer to complete the task compared
to HGCs.

3.1.6.2. Rey-Osterrieth complex figures task. Originally designed by
Rey (1941) and standardised by Osterrieth (1944), the Rey-Osterrieth
Complex Figures Task (ROCF) is hypothesised to assess visuospatial
ability, nonverbal memory, planning and strategic organisation
(Shin et al., 2006). During this task participants are asked to copy a
complex geometric shape and then reproduce this shape immediately
from memory and after a delay. These conditions provide information
about memory, planning, and attention. To successfully copy the figure,
the participant needs to attend to the figure and integrate visuospatial
information about the elements, motor skills to copy, and successful
planning of copying order. The delayed and immediate recall
conditions additionally rely on non-verbal memory of visuo-spatial
arrangements. The outcome measures of accuracy, order completed,
and time to complete is used as a marker of an individual's ability.
Higher accuracy is taken as an indication of better performance in
visuospatial, nonverbal memory, and planning domains. Six studies
examined ROCF performance in both ED groups and HCs. Studies
varied on the outcome measures reported, and scoring methods.
Lopez et al. (2008a), Roberts et al. (2011) and Sherman et al. (2006)
reported order index, which is hypothesised to relate to the planning
component on the task.

Roberts et al. (2011) examined differences between AN-R, AN-B,
BN, and HCs. All ED groups showed significantly lower order index
scores when compared to HCs. However, only BN differed from HCs for
accuracy and recall scores, performing significantly worse. Similarly,
Sherman et al. (2006) found that AN patients had significantly lower
order index scores, compared to HCs. Those with AN also performed
worse for immediate and delayed recall accuracy, and copy to im-
mediate recall. Lopez et al. (2008a) found no differences between AN,
BN, and HC groups for organisational strategy, but individuals with BN
had significantly lower copy index and recall accuracy.

Brand et al. (2007) only reported delayed recall for the ROCF,
showing significantly lower scores for individuals with BN compared to
HCs. However, Danner et al. (2012) showed no differences between AN
and HC groups for copy or recall accuracy. Ruiz et al. (2008) compared
AN, BN, and HC groups for total number of recalled elements. In-
dividuals with AN performed significantly worse when compared to BN
and HC groups, and scores for the BN group were also significantly
lower when compared to HCs.

3.1.6.3. Delay discounting/temporal discounting. Delay discounting or
temporal discounting (TD) tasks typically involve participants
indicating their preference between a smaller immediate award and a
larger delayed award, wherein greater delay discounting/TD signifies a
preference for the smaller, more immediate reward. An example of a TD
task is the hypothetical monetary TD task developed by
Rubia et al. (2009) which entails participants indicating their
preference between a variable smaller immediate award (£0-£100)
and a larger delayed reward (fixed at £100) over 100 binary choices (25
choices at each of four delays: 1 week, 1 month, 1 year and 2 years).
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Three studies examined TD in eating disorder groups and healthy
controls. Firstly, Bartholdy et al. (2017), who compared AN, BN, and
HC groups, observed poorer task-based inhibitory control (i.e. a
preference for smaller, sooner rewards) in the BN group compared
with the AN group. Similarly, Kekic et al. (2016), who investigated
differences between BN and HC groups, found that individuals with BN
showed greater delay discounting/TD. Lastly, a third study
(Steward et al., 2017) observed that AN-BP patients presented
significantly higher levels of delay discounting than their restrictive
counterparts. As such, there is some evidence to indicate that eating
disordered individuals who engage in purging behaviours show greater
propensity towards immediate gratification and a lower ability to delay
rewards.

3.2. Compulsivity

Compulsive responding during a behavioural task can be defined as
the production of persistent actions that have no obvious relationship to
the overall task goal, often measured using total perseverative errors,
following a shift of contingencies. However, the cognitive mechanisms
underpinning these perseverative errors can vary. Some measures of
compulsive, or perseverative, responding, ask participants to shift at-
tention from one aspect of a stimulus (i.e. shape), towards another as-
pect (i.e. colour). Compulsive responding after this shift could be re-
lated to an inability to shift attention. However, when a task requires
participants to shift from performing a response based on one rule
(matching based on shape) to a different rule (matching based on
colour), the participant needs to override a previously learnt rule, or
stimulus-reinforcement association, to prevent perseverative errors.
Although an inability with the first type of shift, attentional set-shifting,
and the second type of shift, reversal learning, result in the same out-
come, compulsive responding, the processes underlying the two beha-
viours is different. It has therefore been argued that these two processes
should be distinguished when investigating cognitive inflexibility in
EDs (Wildes et al., 2014). As such, studies examining attentional set-
shifting will be presented first, followed by those examining reversal
learning. Tasks that measure both attentional set-shifting and reversal
learning will be presented last.

3.2.1. Attentional set-shifting

3.2.1.1. Trail making task (Kravariti et al, 2003; Touolopoulo et al.,
2003). The Trail Making Task (TMT) consists of two parts, Part A and
B. During Part A, participants are asked to draw lines between 25
numbered circles in ascending order. Part B also involves connecting
circles but during this part the circles include both numbers (1-13) and
numbers (A-L) and participants are required to alternate between the
numbers and letters (1-A-2-B, etc.). The outcome measures from this
task are the time taken to complete Part A and Part B. A composite score
can be calculated by subtracting Part A from Part B i.e. B-A. The task
can be done using a pencil and paper or via computer program. Five
papers in the current review used the TMT (Abbate-Daga et al., 2011;
Aloi et al.,, 2015; Brand et al., 2007.; Holliday et al., 2005;
Roberts et al., 2010b). Three studies found no differences on the time
taken for individuals with AN to complete the TMT when compared to
HCs (Abbate-Daga et al., 2011; Holliday et al., 2005; Roberts et al.,
2010b). Further to this, Aloi et al. (2015) found no differences for time
to complete parts A and B, or the composite B-A score for those with AN
compared to HCs. However, the number of errors made during part B
was higher for those with AN. Similarly, Brand et al. (2007) found that
there were no differences between individuals with BN and HCs on time
taken to complete, but that those with BN made significantly more
errors for part B.

3.2.2. Perceptual set-shifting
3.2.2.1. Haptic illusion task (Tchanturia et al, 2001;
Uznadze, 1996). This task involves three wooden balls, two smaller
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balls of 5 cm in diameter, and one larger ball measuring 8 cm in
diameter. The task is designed to measure perceptual shifting ability.
Participants are asked to close their eyes and are asked to judge the size
of the balls that are placed in each hand. To start, one small and large
ball are placed in each hand a total of fifteen times. Then for the next
fifteen trials both the small balls are given, and asked whether there is
any difference in the size of the balls. Commonly, participants report
that the hand previously holding the larger ball now contains a smaller
ball. This is classified as an illusion, and the number of times this is
experienced by the participant is used as a marker of perceptual
rigidity. Two studies in the current review used the Haptic Illusion
Task and showed a significantly higher number of illusions for
individuals with AN compared to HCs (Holliday et al., 2014) and for
ANR, ANBP, and BN groups compared to HCs (Roberts et al., 2010b).

3.2.3. Reversal learning

3.2.3.1. Probabilistic reversal learning task (Dombrovski et al., 2010). The
Probabilistic Reversal Learning Task (PRLT) measures reversal learning
during decision making, unaffected by working memory or problem
solving ability. During the task, participants learn to choose one of two
rectangles (red or green) over 80 trials. During the initial 40 trials
(acquisition stage), the participant is rewarded for choosing the green
rectangle on 80% of the trials, and punished for choosing the red
triangle. On 20% of the trials, false feedback is provided so that
selection of the green rectangle results in punishment and selection of
the red rectangle results in reward. In the second 40 trial reversal stage,
these probabilities are reversed. Participants who correctly respond to
eight consecutive trials are considered to pass a stage. Perseverative
errors capture the tendency to stay, while ignoring punishment
feedback, whereas the tendency to switch too often leads to
probabilistic switch errors. Adoue et al. (2015) found that the AN
group had lower acquisition scores, higher total errors, and excessive
switching compared to HCs. There were no differences in scores for the
reversal stage or perseverative errors. However, after controlling for
age and NART scores, none of these differences remained significant.

3.2.3.2. The Brixton spatial anticipation test (Burgess and
Shallice, 1996). This task is designed to measure a participant's
ability to detect a rule, follow this rule, and shift behaviour in line
with a new rule. Participants are shown ten circles displayed in two
horizontal rows of five circles, numbered from one to five. One of these
circles is coloured blue on each trial. The placement of the blue circle
varies on each trial and is determined by a pre-set rule, not told to the
participant. Participants are asked to indicate the placement of the blue
circle on the next trial based on the rule inferred from the previous trial.
Responses are coded as correct if they follow the present rule, or if the
rule changed and the response followed the new rule. The outcome
measure of total errors (out of a possible 55) is used to indicate
performance, with higher scores reflecting worse performance. Four
studies used the Brixton Spatial Anticipation Test. Two compared
performance in those with AN versus HCs (Adoue et al., 2015;
Holliday et al., 2014) and two also included individuals with BN
(Roberts et al., 2010b; Tchanturia et al., 2011). Results comparing
individuals with AN to HCs were mixed. Although Adoue et al. (2015)
showed that AN made more errors than HCs, Holliday et al. (2005)
found no differences between groups. Studies that also included those
with BN generally found that both ANR, ANBP and BN made more
errors than HCs (Roberts et al, 2010b). However, although
Tchanturia et al. (2011) found more errors in AN when compared to
BN and HCs, there were no differences between BN and HCs.

3.2.3.3. The Cat Bat Task (Eliava, 1964; Tchanturia, Morris, Surguladze,
and Treasure, 2002). The Cat Bat Task has been used as a measure of set
shifting. Participants are presented with a short story and are asked to
fill in the missing letters as accurately, but as quickly as possible. The
first part of the story describes contexts in which the participant is
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prompted to use the letter ‘c’ to complete the fragment ‘ at’ to become
‘cat’. The second part of the task, known as the shifting part, also
requires inserting letters. However ‘c’ is no longer appropriate to the
context of the story and ‘b’ becomes a more logical insertion to make
‘bat’. Participants are therefore required to shift from a previously
primed response (‘c’), to adapt to the contextual changes and respond
with an alternate response (‘b’). Perseverative errors and time taken to
complete the task are used as outcome measures. Only one study used
the Cat Bat Task and showed that individuals with AN took longer for
Bat time (after shift), when compared to HCs, but found no difference
for perseverative errors (Holliday et al., 2005).

3.2.4. Tasks measuring attentional set-shifting and reversal
learning

3.2.4.1. Wisconsin card sorting test (Grant and Berg, 1948). The
Wisconsin Card Sorting Test (WCST) was designed to measure the
ability to shift cognitive strategy in response to changing contingencies.
The task has been hypothesised to measure a number of executive
functions including attentional set shifting, task/rule switching or
reversal, and working memory. Participants are presented with four
cards that depict different colours and shapes. The number of shapes,
and the formation of the shapes also differ. The participant is asked to
match a card (presented under the four other cards) but not how to
match. However, feedback is given and the participant is told whether
the match is correct or not. During the task to matching/sorting rules
are randomly varied and the participant must identify the new rule in
order to correctly match the cards. Outcome measures from the task
include the score/percentage of categories achieved, trials, errors, and
perseverative errors. A total of thirteen studies used a version of the
WCST to look at differences in performance, seven of which compared
individuals with AN and HCs (Abbate-Daga et al., 2011; Abbate-
Daga et al., 2014; Aloi et al, 2015; Danner et al, 2012;
Fagundo et al., 2012; Nakazato et al., 2009; Talbot et al., 2015), two
compared individuals with BN and HCs (Brand et al., 2007;
Galderisi et al., 2011) with the remaining four studies including both
AN and BN groups compared to HCs (Camacho Ruiz, Escoto Ponce de
Leén, and Mancilla Diaz, 2008; Pignatti and Bernasconi, 2013b;
Roberts et al., 2010b; Tchanturia et al., 2012a). In all seven studies
comparing AN and HCs, more perseverative errors were found in the
AN group (Abbate-Daga et al, 2011, 2014; Aloi et al.,, 2015;
Danner et al., 2012; Fagundo et al.,, 2012; Nakazato et al., 2009;
Talbot et al., 2015). However, once correcting for BMI, differences in
the Abbate-Daga et al. (2011) study were no longer significant.

The two studies that only included a BN and HC group did not find
any differences between groups (Brand et al., 2007; Galderisi et al.,
2011). However, the four studies that included a BN group alongside
the AN group showed mixed findings. Camacho Ruiz et al. (2008) and
Tchanturia et al., (2012a) found that both AN and BN groups made
significantly more perseverative errors compared to HCs. Similarly,
Roberts et al. (2010b) found that ANR, ANBP, and BN had more per-
severative errors compared to HC. Pignatti and Bernasconi (2013)
found no differences between the BN, AN and HC groups for perse-
verative errors.

3.2.4.2. CANTAB ID/ED set-shifting test (Downes et al, 1989). The
Intra/Extra Dimensional (IDED) Task involves attentional set-shifting,
visual discrimination and attentional set formation maintenance. The
IDED is similar to the WCST with the exception that it is able to
dissociate different aspects of cognitive flexibility. During the intra-
dimensional shift stage, participants’ ability to generate rules when
novel stimuli are introduced is measured, whereas the extra-
dimensional stage assesses the ability to shift attention away from
previously relevant stimuli. The stimuli are made up of two dimensions;
(1) coloured filled shapes and (2) white lines that appear in four
rectangles on a computer screen. Simple stimuli are made up of just one
of these dimensions, whereas compound stimuli are made up of both
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dimensions. The participant first starts by viewing two simple stimuli
and learns, via feedback, which is the correct one by touching it. After
six correct responses, the stimuli and/or rules are changed. These shifts
are initially intra-dimensional (colour shapes remain the only relevant
dimension), and then extra-dimensional (white lines are the only
relevant dimension). Outcome measures include errors, number of
trials, and stages completed. The one study to examine set-shifting in
EDs using this task found no differences between ANR, ANBP, BN and
HCs for any of the outcome measures (Galimberti et al., 2012).

4. Discussion

The aim of this review was to identify and summarise cross-sec-
tional research comparing cognitive performance on measures of im-
pulsivity and/or compulsivity between individuals with AN, or BN to
HCs. Overall, the results of the review are highly variable, showing
mixed results. The reasons for this are explored below.

4.1. Impulsivity

Studies examining impulsivity across individuals with AN or BN
compared to HCs demonstrated mixed findings. There were no studies
that examined action inhibition in those with AN. However, evidence
for decreased action inhibition in BN, compared to HCs, was observed
in a study that used disorder specific stimuli (food words). Three studies
examining action cancellation included individuals with AN; one found
evidence for and two found evidence against a deficit.

Similarly, the evidence for impairments in interference control was
mixed. Studies in this category used different methods of assessment
that could have contributed to the mixed findings. Four studies found
no differences between individuals with BN and HCs across the dif-
ferent tasks used. However, three studies did find that individuals with
BN had greater interference compared to HCs. Three studies looked at
AN versus HC groups and showed impairments in interference control
in the AN group. Method of assessment (pen and paper vs. computer)
varied across studies, as did stimuli used (disorder relevant vs. neutral).

Findings for risky decision-making were also mixed when compar-
isons were made across different tasks. Although two paradigms (Bets-
16 & BART) showed no evidence for increased risky decision-making in
those with AN, compared to HCs, the findings were opposite for the
IGT. Of the eight studies that compared individuals with AN to HCs on
the IGT, all showed some impairment for the AN group. Two studies
examining risky decision-making on the IGT in BN found impairments
when compared to HCs.

The construct of planning was assessed in both AN and BN groups.
Two paradigms were used to measure this construct; the TOL and the
ROCFT. Two studies looked at differences between BN, AN, and HCs
groups using the TOL, but found no clear differences in planning be-
tween groups. However, studies using the ROCFT found a more con-
sistent pattern. Four studies that included individuals with BN found
lower planning. Three out of the five studies to include AN found lower
performance compared to HCs. However, the outcome measures used
differed across studies, and consequently limits firm comparisons.

4.2. Compulsivity

Evidence for increased compulsivity across AN and BN groups was
reviewed in the domains of attentional set-shifting, perceptual set-
shifting, and reversal learning. The majority of studies examining at-
tentional set-shifting were conducted in AN (N = 4). Although all four
studies showed no differences in time to complete the task, one study
showed more errors for individuals with AN compared to HCs.
Similarly, the one study to examine BN showed no differences in
completion times, but more errors, when compared to HCs. Evidence of
an impairment in perceptual set-shifting was present for both AN and
BN.
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Studies examining reversal learning were largely carried out in AN.
The tasks used to examine this construct were heterogeneous. One
study (PRL task) found no differences between AN and HCs. Yet, studies
that used the Brixton task found more consistent results. Three of these
four studies found more errors for AN compared to HC, whilst one study
found no differences. The two studies examining BN compared to HCs
found opposing results. One study found higher errors, whereas the
other failed to find any differences. There was only one study that used
the Cat Bat task, and no differences in perseverative errors between
those with AN and HCs were found. However, individuals with AN did
take significantly longer to complete the task.

A total of thirteen studies used varying versions of the WCST to
examine perseverative responding. All seven studies that compared AN
to HCs showed increased perseverative errors for the AN group. The
two studies examining differences between BN and HCs found no evi-
dence of increased perseverative responding. Of the studies that in-
cluded both AN and BN, three studies found group differences, whilst
one study found no difference.

4.3. Impulsivity and compulsivity as trans-diagnostic across EDs?

The review has shown mixed findings for the cognitive performance
of individuals with AN or BN, when compared to HCs on measures
assessing aspects of impulsivity/compulsivity. There does not appear to
be a clear differentiation between AN and BN in regard to increased/
decreased impulsivity or compulsivity; which is consistent with a trans-
diagnostic view. There is some evidence to suggest increased im-
pulsivity in AN (interference/risky decision making), although the ex-
tent to which performance on these tasks reflects ‘pure’ impulsivity is
debated. Findings from the IGT indicated higher risky decision making
in those with AN compared to HCs. However, task performance could
be related to a number of factors including sensitivity to reward and
punishment, known to be affected in individuals with AN (Jappe et al.,
2011). Additionally, the WCST measures interference but the task in-
volves other executive functions, such as set-shifting. The ability to shift
set has previously been shown to be disrupted in AN, and this view is
supported by evidence in the current review. The conceptualisation of
AN as having trait impairments in set-shifting and compulsive re-
sponding seems to be supported. However, problems with the tasks
assessing multiple constructs limits the conclusions that can be drawn
regarding AN and impulsivity.

This review did not find consistent evidence in favour of increased
impulsivity in BN, when compared to HCs, across different measure-
ments. There appeared to be a mixed picture, with some studies
showing increased impulsivity, and others no effect. Studies showing
increased impulsivity tended to incorporate disorder relevant stimuli
(food words). Generally, the evidence does not seem to support the
simplistic view of AN as a disorder of compulsivity, and BN as having
problems of impulse control. Together the results point to a more ba-
lanced view of co-occurring impulsive and compulsive behaviour. This
provides support to the view of impulsivity and compulsivity occurring
trans-diagnostically, and has important clinical considerations for
treatment and future research.

The discrete neuro-cognitive profiles thought to underpin behaviour
unique to either AN or BN has not been supported by the evidence
reviewed here and this raises the question of whether a complete and
consistent understanding of impulsivity and compulsivity from a neu-
rocognitive perspective is clinically meaningful when understanding
EDs and identifying treatment targets. One driver for understanding the
cognitive profile of the different EDs is that this can then be targeted in
treatment, such as cognitive inflexibility in AN, which is targeted in
CRT. However, research has shown that there is only a moderate to low
correlation between most neuro-cognitive measures and everyday be-
haviour in those with an ED (Stedal and Dahlgren, 2015). The research
evidence reviewed suggests that impulsivity and compulsivity are not
diametric and can be present in both AN and BN across different
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contexts in the expression and regulation of both behaviour and emo-
tions. This is more in line with the descriptions of over-and -under
control provided by Lynch and colleagues, and may be a more clinically
useful description.

4.4. Limitations

Comparisons between AN, BN, and HCs on measures of impulsivity
or compulsivity are limited due to the heterogeneous tasks used to
measure the same constructs. Additionally, studies utilising the same
task, such as the ROCFT, reported different outcome measures (order
index vs. delayed recall). This prevents comparisons between studies,
and precludes any firm conclusions from being drawn. Additionally, it
prevents the use of meta-analytic approaches to further understand sub-
components of impulsivity or compulsivity. The use of heterogeneous
tasks and outcomes could be framed as a relative strength had there
been consistent results found. Any emerging consistent findings despite
the variety of methods and timing of data collection could suggest a
robust finding of a possible latent neurocognitive construct that un-
derpinned performance across tasks. However, the results were not
consistent and some of the measures included in the current review,
such as the IGT and WCST, have been criticised for involving and as-
sessing multiple processes. This makes the interpretation of results
more complex, and impairments on these tasks could be related to one
or more of these processes. Furthermore, the distribution of studies
looking at impulsive traits tended to include BN, whereas the ex-
amination of compulsive traits tended to examine AN.

A further limitation of the synthesis of the evidence in this way is
the assumption that the studies included similar ED groups, and that
tasks were administered in a similar manner across studies. Differences
in task administration (pen and paper vs. computer) may have biased
results, particularly for outcome measures involving reaction times.
Stedal and Dahlgren (2015) investigated the relationship between
performance based neuropsychological assessments and self-report
measures in adolescents with AN. Results showed that with a few ex-
ceptions, the majority of tasks included in the battery (Ravello profile)
showed little correlation to the self-report measure of ‘everyday’ be-
haviour, again highlighting a need to be cautious when interpreting the
generalisability of results on neurocognitive tasks.

It is also likely that there may be differences in the included patient
groups that could confound the results. Patients may have differed ac-
cording to current medication, general intelligence, co-morbidities, and
state of starvation. Although BN and HCs are often matched for BMI,
this is not the case for AN. Individuals with AN, by definition, are at a
significantly lower body weight; often accompanied by symptoms of
starvation.. Studies rarely reported sufficient information about re-
cruitment to determine the degree to which this could have affected
findings. Similarly, although individuals with BN were generally mat-
ched to HCs for BMI, such individuals routinely fast and no measure of
this was taken. McConnellogue (2012) found that 60% of individuals
with BN reported (on the EDE-Q6) having fasted for a minimum of eight
hours on at least 1 of the last 28 days. This indicates that short-term
fasting is common in individuals with BN, and is not reflected by a low
BMI. Research has also demonstrated that fasting, even in HCs, can
impact on measures of impulsivity (Howard et al, 2020;
Symmonds et al., 2010)

Another issue that limits comparisons between the different patient
groups and healthy controls are comorbidities associated with the dis-
order. Outcome measures need to be considered in relation to co-
morbidities such as anxiety, depression and (in AN) low body weight.
Anxiety and depression have both been shown to affect cognitive
function (Austin et al., 2001).

A limitation of this review was the exclusion of studies that did not
categorise individuals into groups based on diagnostic criteria. This
means that studies categorising individuals according to symptoms,
such as AN restrictive subtype or AN bingeing-purging subtype were not
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included (Claes et al., 2001). Although this approach was re-
commended, comparing results of studies according to symptoms to
existing data based on diagnostic groups is difficult due to differences in
the included patients. However, the exclusion of these studies could
have biased the results of the review. Future research should reach a
consensus and take a consistent approach to defining the different pa-
tient groups for inclusion into research studies.

4.5. Future considerations

This systematic evaluation of the existing literature highlights im-
portant areas of improvement and investigation for future research
studies in neurocognition. Future studies should conduct power calcu-
lations to estimate the required sample size in order to be able to detect
differences between groups, if present. Main outcome measures should
be defined a priori, with reporting of effect sizes. Tasks that isolate the
separate components of impulsivity and compulsivity should be
prioritised but this could lead to problems comparing current evidence
to previous literature. A consensus needs to be reached on the appro-
priate paradigms to measure different constructs so that the same
outcome measures from different studies can be compared, pre-
ferentially in a meta-analysis. The current results also suggest that
impulsivity and compulsivity are not separable components and cog-
nitive tasks assessing these constructs should be mapped to clinical
descriptions of behaviour. Whilst a more strategic approach to metho-
dology and reporting would aid the development of more robust cog-
nitive profiles, it may also be worth considering the benefit to our
understanding of EDs and treatment as a whole. For example, con-
ceptualising EDs as a mixture of behaviours of under-and-over control
that can present in the same individual may be more helpful in for-
mulating treatment approaches and in understanding the common
temporal movement between symptoms. This would then indicate the
need to formulate and treat both under-and-over control (Hempel et al.,
2018). In conclusion, the results of the current review suggest no con-
sistent neurocognitive profile characterising AN as a disorder of com-
pulsivity and BN as a disorder of impulsivity. Instead, increased per-
formance on cognitive measures of impulsivity and compulsivity are
demonstrated, to some degree, across AN and BN.
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