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Abstract

The aim of this meta-analysis was to summarise data from neuropsychological studies on inhibitory control to general and
disease-salient (i.e., food/eating, body/shape) stimuli in bulimic-type eating disorders (EDs). A systematic literature search
was conducted to identify eligible experimental studies. The outcome measures studied included the performance on
established inhibitory control tasks in bulimic-type EDs. Effect sizes (Hedges’ g) were pooled using random-effects models.
For inhibitory control to general stimuli, 24 studies were included with a total of 563 bulimic-type ED patients: 439 had
bulimia nervosa (BN), 42 had anorexia nervosa of the binge/purge subtype (AN-b), and 82 had binge eating disorder (BED).
With respect to inhibitory control to disease-salient stimuli, 12 studies were included, representing a total of 218 BN
patients. A meta-analysis of these studies showed decreased inhibitory control to general stimuli in bulimic-type EDs
(g=—0.32). Subgroup analysis revealed impairments with a large effect in the AN-b group (g= —0.91), impairments with a
small effect in the BN group (g= —0.26), and a non-significant effect in the BED group (g= —0.16). Greater impairments in
inhibitory control were observed in BN patients when confronted with disease-salient stimuli (food/eating: g= —0.67; body/
shape: g= —0.61). In conclusion, bulimic-type EDs showed impairments in inhibitory control to general stimuli with a small
effect size. There was a significantly larger impairment in inhibitory control to disease salient stimuli observed in BN
patients, constituting a medium effect size.

Citation: Wu M, Hartmann M, Skunde M, Herzog W, Friederich H-C (2013) Inhibitory Control in Bulimic-Type Eating Disorders: A Systematic Review and Meta-

Analysis. PLoS ONE 8(12): e83412. doi:10.1371/journal.pone.0083412
Editor: Michel Botbol, University of Western Brittany, France

publish, or preparation of the manuscript.

* E-mail: hans-christoph.friederich@med.uni-heidelberg.de

Received July 3, 2013; Accepted November 3, 2013; Published December 31, 2013

Copyright: © 2013 Wu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: MW was supported by a travelling fellowship from the China Scholarship Council, which is affiliated with the Ministry of Education, P. R. China. MS was
supported by a grant from the German Research Foundation (FR2626/3-1). The funders had no role in study design, data collection and analysis, decision to

Competing Interests: The authors have declared that no competing interests exist.

Introduction

The spectrum of bulimic-type eating disorders (EDs) includes
anorexia nervosa of the binge/purge subtype (AN-b), bulimia
nervosa (BN), and binge eating disorder (BED). These conditions
share the common characteristic of recurrent episodes of binge
eating (i.e., overeating of large amounts of food) with (AN-b and
BN) or without (BED) compensatory behaviours, e.g., self-induced
vomiting. Binge eating is associated with a ‘definite sense of loss of
control’ [1]. Although the bulimic-type EDs are mental disorders
associated with increased morbidity and all-cause mortality [2,3],
the mechanisms underlying bulimic bechaviours are largely
unknown.

In addition to the categorical classification of EDs, in recent
years and with the upcoming fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5), a renewed
interest in dimensional concepts and trans-diagnostic theories in
EDs (AN, BN, BED) can be observed [4—6]. Recurrent episodes of
binge eating are considered to be a common phenomenon in
purging spectrum disorders and are evident in various ED
pathologies, including AN (binge/purge subtype), BN and BED.
Furthermore, impaired inhibitory control in bulimic-type ED
patients does not appear to be restricted to food intake but may
extend to general behaviours, e.g., excessive drinking, substance
abuse, sexual disinhibition, and bullying, suggesting a more
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general dysregulation of inhibitory control in bulimic-type EDs
[7.8].

Neurocognitive tasks have been developed to investigate
mhibitory control in and across different psychopathologies.
However, there is a lack of systematic evidence from neuropsy-
chological studies assessing and comparing inhibitory control
capacities across different ED diagnoses. Because studies using
subjective ratings of impulse control capacities and neuropsycho-
logical data generally fail to show strong associations (e.g., [9-11]),
the assessment of inhibitory control with more objective and well-
defined behavioural and cognitive tasks is of great importance.

Inhibition is a broad term that describes a wealth of
phenomena. The present review is concerned with voluntary
mhibition, as a subcomponent of cognitive control functions.
Inhibitory control refers to the ability to suppress, interrupt, or
delay an activated behaviour or cognitive course of action [12-15].
Inhibitory control is not a unitary construct, but consists of several
subcomponents. These share a common underlying neural
network but the degree of regional involvement seem to differ
between the subcomponents [16]. A more basic distinction may
exist between inhibitory mechanisms that control overt behaviors
(i.e., behavioural inhibition) and those that control mental and
attentional processes (i.e. cognitive inhibition). Based on the review
of Bari et al. [16], the concept of behavioural inhibition
encompasses the subdivision of response inhibition, reversal
learning and delayed gratification. In the present meta-analysis,
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we limit our analysis to response inhibition and disinhibition, as
reversal learning and delayed gratification depend on several
additional factors (i.e. set-shifting, learning, reward sensitivity,
decision making) for successful performance. Furthermore, com-
pulsivity and reversal learning have been addressed in previous
meta-analysis of ED patients (e.g., [17]). The concept of cognitive
inhibition instead encompasses cognitive and attentional processes
such as when during attentional processing task-irrelevant
information has to be suppressed (i.e., interference control) [13].

Response inhibition tasks have been most commonly used in
ED studies to investigate inhibitory control (behavioral inhibition).
The most prominent examples are the No-go task [18] and the
Stop Signal Task [12], which measures an overt, effortful
expression of inhibitory control involving the suppression of an
activated behavioural response [13]. In the classical No-go task,
participants must respond to a frequently presented target and to
inhibit their responses to an infrequently presented non-target
[19]. The SST differs from the No-go task in that participants
must inhibit an already initiated motor response [12]. The number
of inhibitory control failures (e.g., failure to stop a pre-potent
response when required during the No-go task) or the speed of the
inhibitory process (i.e., the stop signal reaction time for the SST) is
typically the main outcome measure.

Cognitive inhibition was investigated in ED patients with
interference control tasks. These require effortful inhibitory
control at a covert cognitive level to suppress the competing
automatic response in favour of an alternative response [13]. The
most prominent representative of these interference control tasks is
the Stroop task. The classical Stroop task elicits a conflict between
automatically reading the colour word and naming the incongru-
ent colour of the ink (e.g., the word ‘blue’ is written in green ink
colour). Furthermore, modified versions of the Stroop task have
been used in ED patients to assess interference control to disease-
salient stimuli [20]. Furthermore, the Simon task, which is based
on the Simon spatial incompatibility effect (i.e., reaction times are
faster and more accurate when the source of stimulation is in the
same relative location as the response), also belongs to the group of
interference control measures and has been employed in previous
studies with bulimic-type ED patients [21,22].

Other inhibitory control tasks have also been used in previous
ED studies to assess primarily response disinhibition. Examples
include the Hayling Sentence Completion Test (HSC'T), Excluded
Letter Fluency task (ELF), and Matching Familiar Figures Test
(MFFT) (for further details of these tasks see study concerning
[23))

Previous studies on inhibitory control have reported ambiguous
findings with respect to inhibitory control in bulimic-type EDs.
Several studies have used the No-go task to assess inhibitory
control in bulimic-type EDs [18,24-28]. However, only two of
them have reported impaired inhibitory control: one in BN
patients (subgroup of BN patients with laxative misuse) [24] and
the other in AN-b patients [18]. For the SST, three reports were
found, and each included two subtypes of bulimic-type EDs ([9]: in
AN-b and BN; [29]: in AN-b and BN; [11]: in BN and BED).
However, only one of these studies found significant group
differences between BN patients and controls [11], and another
reported impairments in AN-b patients [29]. With respect to
interference control, the Stroop task has been used most
commonly, with inconsistent findings in bulimic-type EDs
[28,30-32]. Thus, despite the clinical features and evidence from
self- report measures, the current findings from neurocognitive
tasks are ambiguous and have not been able to clearly demonstrate
impaired inhibitory control in bulimic-type EDs. Furthermore,
previous independent studies have frequently used very small
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sample sizes without reporting effect sizes (ESs). Therefore, it
remains unclear whether and to what extent inhibitory control
impairment exists in bulimic-type EDs.

Several authors have summarised neurocognitive findings noted
in EDs. However, these reviews a) have not conducted meta-
analyses to estimate ESs [33,34]; b) have not included the
complete spectrum of bulimic-type EDs [20,35,36]; c) have
combined currently il and recovered ED patients [20,35]; d)
have not differentiated between AN-b and AN of the restricting
subtype (AN-r) [35,36]; and ¢) have only focused on a single type
of inhibitory control measure [20,35].

The aim of the present review with meta-analysis was to
summarise the current evidence from multiple neuropsychological
studies across the complete spectrum of bulimic-type EDs and
across different task categories of inhibitory control to estimate the
ES of impaired inhibitory control in patients with binge eating.
More specifically, the following questions have been addressed: a)
Do bulimic-type EDs (compared to controls) show poorer
performance in neurocognitive tasks that address inhibitory
control function? b) If so, is this impairment specific to
neurocognitive mechanisms of response inhibition (behavioral
inhibition) or interference control (cognitive inhibition)? c) Is
impaired inhibitory control in bulimic-type EDs greater for
disease-salient stimuli (e.g., food) or independent of the type of
stimuli? d) Do the effect sizes of impaired inhibitory control differ
within the spectrum of bulimic-type ED diagnoses?

Materials and Methods

Search strategy and study selection

We searched for published experimental studies on inhibitory
control using the following electronic databases: PubMed,
PsycINFO, PSYNDEX, and Web of Science. In addition, the
reference lists of relevant articles were carefully searched.

The search strategy was based on the following keyword terms:
impulsive, impulsivity, inhibitory control, inhibition, disinhibition,
attention, executive function, motor control, cognitive control,
reward, decision making, neurocognitive, neurocognition, neuro-
psychology, eating disorder, bulimia nervosa, binge eating
disorder, anorexia nervosa, binge/purge, binge eating, purging
disorder, and obesity. Searches were limited to human studies,
including adults and adolescents of both genders. No date
restrictions were applied to the selection of literature, and articles
were searched up to March 2013. In addition, we reviewed all
studies included in previously published meta-analyses or system-
atic reviews.

The retrieved titles and abstracts from the literature search were
screened for relevance independently by two of the authors (MW,
HCIF). For every abstract that was identified as potentially relevant
by at least one of the two review authors, the full text article was
retrieved for evaluation by both reviewers independently.
Discrepancies were resolved by discussion. The classification of
tasks as inhibitory control measures was based on the information
provided in the publications and through discussion among all the
authors.

Studies were considered to be acceptable and comparable if
they met the following eligibility criteria for inclusion: a) studies
had to compare at least one clinical ED group to a healthy control
group; b) patients included in the study had to fulfil diagnostic
criteria based on the DSM-III, DSM-IV or ICD-10, and results
had to be differentiated for current AN of the binge/purge
subtype, current BN or current BED; ¢) studies had to include a
detailed description of sociodemographic variables from the
healthy control group; d) studies had to include at least one
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neurocognitive task that investigated inhibitory control; and e)
studies had to include sufficient statistical information to allow for
the calculations of ESs.

Data extraction and quality assessment

For data extraction (study characteristics, study results and
quality assessment), we used a standardised form developed prior
to the search. All discrepancies were rechecked, and disagreements
were resolved by discussion with the other authors. Descriptive
statistics (means, standard deviations and sample sizes) for the
main outcome measures of relevant tasks in bulimic-type ED
patients and healthy controls were extracted for the calculation of
ESs. When articles did not report means and/or standard
deviations, p values and sample sizes were used to calculate ESs.

Because no standardized criteria have been established to assess
the quality of neuropsychological studies, we developed a priori a
standardized checklist of risk of bias which was based on domains
of the Newcastle-Ottawa Scale (NOS: www.ohri.ca/programs/
clinical_epidemiology/oxford.htm) for evaluating risk of bias in
case- control and cohort studies. The NOS consists of the three
sub-domains ‘selection of subjects’, ‘comparability of subjects’ and
‘ascertainment of outcome’. We developed for each domain three
to four quality items (e.g., inclusion/exclusion criteria, compara-
bility of samples regarding diagnoses, age, educational level, and
adequacy of outcome analysis). Each included study was assessed
using this ten-item checklist where items were answered either as
‘quality criterion fulfilled (1)” or as ‘not fulfilled (2)’. Ratings were
summed-up to a total score with a maximum value of 10. Quality
levels of evidence for each study were defined as high (>=8),
medium (6-8), and low (=<J). Any discrepancies in quality
assessment between the two authors (MW and HCF) were resolved
by a third author (MH) who served as an arbiter.

Quantitative data synthesis

We classified reported outcomes into two categories: a)
inhibitory control to general stimuli and b) inhibitory control to
disease-salient stimuli (i.e., food/eating and weight/shape stimuli).
For articles that included different subtypes of bulimic-type EDs
(e.g., AN-b and BN), ESs were calculated separately for each
patient group and were treated as separate studies (marked as ‘a’,
‘b’, etc). Separate ESs were calculated for the main outcome of
every inhibitory control task in all studies. For studies using more
than one neurocognitive measure of inhibitory control [23,28], a
mean ES was computed by averaging ESs across all measures
within one study and was included in the calculation of the overall
ES.

The ES was calculated as Hedges’ g (a variation of Cohen’s d
that corrects for biases due to small sample sizes) and reported this
value with its 95% confidence interval (Clgs). The magnitude of
Hedges’ g was interpreted using Cohen’s recommendations for
small (>0.2), medium (>0.5) and large (>0.8) effect size. A
negative ES indicates poorer inhibitory control in patients than in
controls. Given the variety of neurocognitive tasks and outcomes,
we used the more conservative random-effects model rather than a
fixed-effect model to estimate a pooled ES. Heterogeneity among
the studies was assessed using the Q test. In addition, the I statistic
values were reported [ =(Q—dfj)/Q]. As a sample-size indepen-
dent measure of the inconsistency of ESs across studics,  is more
powerful with small sample sizes when compared to Cochran’s Q.
test. °>50% indicates medium heterogeneity, and F>75%
indicates large heterogeneity [37].

Small study effects as an indication of publication bias were
assessed informally by visual inspection of the funnel plot (a plot of
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effect estimates against its standard error) and using the Egger’s
test [38].

All analyses were calculated using the software package
‘Comprehensive Meta-Analysis’ (version 2: www.Meta-Analysis.
com).

Moderator analysis and sensitivity analysis

Subgroup analyses of the subtypes of bulimic-type EDs (i.e.,
AN-b, BN, and BED) and types of inhibitory control measures
(e.g., Stroop, No-go, SST) were conducted to identify potential
moderators that could explain potential sources of heterogeneity
between studies. In addition, sensitivity analyses were conducted to
explore the influence of study quality on the pooled overall ES.

Results

The ‘PRISMA statement’ [39] for reporting a systematic review
and meta-analyses was followed (see: Checklist S1 for PRISMA
items). This PRISMA Flow chart highlights the number of articles
found at each stage of the search and the final number of studies
that were included in the review (see Figure 1).

Our search resulted in 4650 potentially eligible articles after the
exclusion of duplicates. A total of 423 articles appeared to be
potentially relevant and were retrieved as full text manuscripts. Of
these, 394 articles were excluded because they did not fulfill the
inclusion criteria. The reasons for exclusion were as follows: no
bulimic-type ED diagnoses (n = 139), no differentiation of subtypes
of bulimic-type EDs (z = 40), no healthy control group (n=17), no
neurocognitive tasks or neurocognitive tasks that addressed other
cognitive domains (2=142), or more than one of the above
mentioned reasons (z=153). In addition, three articles were
excluded from the meta-analysis due to a) the lack of appropriate
data available for the calculation of ESs [25,40] or b) insufficient
information about neurocognitive task and analysis methods [26].
The qualitative synthesis and meta-analysis were based on the
remaining 29 articles that addressed inhibitory control to general
and disease-salient stimuli.

Inhibitory control to general stimuli

Study characteristics. Overall, 21 articles, which consisted
of 25 studies conducted among bulimic-type ED patients (total of
patients: n=583), were included in the meta-analysis. The mean
quality score of all included studies was 7.0. The characteristics of
the study sample are shown in Table 1.

Twenty studies were conducted in BN patients (total of patients:
n= 459, sample sizes ranging from 12 to 65), three studies in AN-b
patients (total of patients: n =42, sample sizes ranging from 12 to
16) and two studies in BED patients (patients: =38, and 44).
Most participants in the included studies were female, with the
exception of two articles that had a few male participants [11,32]
(see Table 1). The mean age of the entire sample was 26.4 years
and ranged from 16.3 to 40.1 years (two articles [22,41] included
adolescent BN patients). The mean ages for the ED subtypes were
24.7, 24.6, and 36.9 years for the AN-b, BN, and BED subgroups,
respectively. The mean BMI of the entire sample was 24.0 kg/m?,
ranging from 15.1 to 35.9 kg/m? The mean BMI for the ED
subtypes were 17.9, 22.5, and 34.9 kg/m2 for the AN-b, BN, and
BED subgroups, respectively. Approximately half of the studies
provided information about educational levels or IQ) scores (see
Table 1). Two studies did not mention whether the patients were
currently under treatment [42,43]. Eleven studies did not provide
data concerning comorbidity, while seven studies excluded
participants with comorbid diagnoses, e.g., obsessive-compulsive
disorder, substance abuse or dependence, psychotic disorder,
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PRISMA Flow Diagram
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Records identified through
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v
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Full-text articles
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A 4

etc.

Full-text articles excluded
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4
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diagnosis (n= 139 )
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- No data for the ES

stimuli (n =12 **): BN (n=12)
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(n =25 *): BN (n=20 *); AN-b (n=3); BED (n=2)

iy Studies on inhibitory control to disease-salient

calculation or no task

description available (n=3)

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): 1000097. doi:10.1371/joumal.pomed1000097

Figure 1. PRISMA Flow Chart. The flow chart highlights the number of articles found at each stage of the search and the final number of studies
that were included in the review; *: the number of studies includes one outlier study; **: four articles reported data for inhibitory control to general

stimuli and disease-salient stimuli.
doi:10.1371/journal.pone.0083412.g001

bipolar disorder, etc. (see Table 1). Three studies reported the
exclusive inclusion of medication-free participants [31,32,44],
however, half of the studies did not mention or specify the usage of
medication (see Table 1).

Of note, of the individual studies, 17 of the 25 (sample sizes of
patients range from 14 to 65) failed to identify significant
impairments in general inhibitory control in bulimic-type ED
patients (see Table 1).

Small study effects and overall effect size. Visual
inspection of the funnel plot suggested no small study effects,
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which was confirmed by a non-significant result on the Egger’s test
(p=0.457). However, visual inspection of the funnel plot suggested
a potential outlier (see Figure S1). The ES of the study [21] (20 BN
patients compared to 20 controls) was —2.9 (SE=0.45,
Clgs =[—3.77; —2.02]). The pooled overall ES including the
study was —0.40 (SE=0.11, Clg; =[—0.61; —0.19], p<<0.001), Q.
(24)=186.0, p<<0.001, I =72.1%. After excluding the outlier study,
the overall ES of the remaining studies on general inhibitory
control was —0.32 (S£=0.09, Clg; =[—0.49; —0.15], p=10.001),
and the heterogeneity between studies remained significant, Q.

December 2013 | Volume 8 | Issue 12 | e83412



Inhibitory Control in Bulimic Eating Disorders

(8€) 9°9¢ (6'2) ¥'SE %568 (8€) DH
0L0z
L su awin pIom-1nojod/doois ON/SIA/SIA su (60) 6'S€ (09) €'€€ %E9L (8€) @3g ‘|e 1@ ausaydnQg
(@ 11z (1'9) 67T %001 (81) DH
X3pul 9duaIaa1ul 2002
9 su piom-inojod/doons 4N/SIAZEN 4N (e Tie (#9) §'ST %001 (£1) Ng [ 39 uospireq
# (8TL)LS0L (6'LSL %001 (¢2) DH
Xapul aduaiapaiul
L su piom-10j03/doons SIA/UN/SIA OH>NE  # (T8L)L'60L (L9l %001 (€2) Ng 10T " 38 foreg
(5'1) 6'0C (5€) L'ee %001 (81) DH
Xapul adualapalul
9 su piom-inojod/doons 4N/SIAZEN 4N (co 81T (29) £%C %001 (9€) Ngz661 “[e 39 12doo)
N (1e) 1’0z %001 (€8) DH
(C)]
S su 14SS/[eubis doig 4N/SIA/ZIN 4N N (8'9) L'TT %001 (22) Ng 900T '|e 1 sae]D
N (1g) 1’0z %001 (€8) DH
(e)
S su 145S/1eubis dois 4N/SIAZEN N N (89) L'1T %001 (#L) 9-NV 900 ‘|e 32 sae|d
(6'1) 02T (1'2) 9%T %001 (S2) DH
()
S su 10113 UOISSIWWO3/0B-0N UN/SIA/SIA 4N (Te) LTz (£'9) S¥T %001 (€€) Ng €00 “[e 3 22nug
(6'1) 0°CT (1'2) 97T %001 (S2) DH
(e)
S *DH~N4 10113 UOISSIWWO2/0B-0N UN/SIA/SIA 4N (€2 11T (6'S) 9'ST %001 (Z1) Ng €00 [e 3 22nug
(€0 €Lt (67) 9L %001 (#1) DH
Xapul asualapalul
6 su piom-inojod/doons ON/ON/ON su (8€) 9’1 (€€) 6'LT %001 (#1) Ng £00T ‘e 39 pueig
(4N) 9'CT (4N) T'LT %001 (62) DH
9 su awly piom-Inojod/doois 4YN/ON/4N 4N (4N) €¢ (UN) g'€T %001 (91) N8 £661 ‘|2 19 Xde|g
%(S'€) £'61 (€'1) opL %001 (£€) I)DH
(£9) 81T (L'1) 9€L %001 (62) Y-DH
Xapul acualaya1ul 1661
¥ su piom-inojod/doo.ns 4N/SIA/ZIN N +(9%) €€C +(1'6) 89T N (£27) N8 ‘| 39 wino]-usg
((ralEgk4 (S'v) 8'CT %001 (8€) DH
Xopul 25uaia91ul 6861
9 su piom-inojod/doons 4N/SIA/ZIN N (Lv) 19T (1) 69 %001 (6L)Ng ‘|e 32 wino]-udg
N (8'€l) §'S€ %001 (S1) DH
Xapul acualsya1ul 600C ‘|e
L su piom-inojod/doons S3A/SIA/ON su (9) €92 (8'8) 9°€€ %001 (S1) N@ 19 eop-zaseAly
(oL/x) sBuipuiy 3|qeneA awodInQ/sel uoined|pajp/3udwieal ] /AN pigiow-0D IELE]] (@s) ueaw (as) (abejuadiad) »afgng Apmis
aJ10dshyend Jeuoneonpy (w/63) NG uedw (sieak) aby aleway

'siaplosip Bunes adAi-d1wing ul [043u0d A1oqiyui [esausb uo saipnis jo uondudsaq °L 3|qel

December 2013 | Volume 8 | Issue 12 | e83412

PLOS ONE | www.plosone.org



Inhibitory Control in Bulimic Eating Disorders

L00¥Z Ly€800 2u0d [eUINOf/LLE L0 L:1OP

‘awil uoleal 1y Hsel

Aujiqnedwoduy jeneds uowis 1SS ‘591 Aousn|4 19197 papNn|ax3 477 s3] uons|dwo) 9duUS Bullkey :1DSH ‘159 a4nbi4 Jeljiwed Buiydep 144 ‘Dwiy uondeal jeubis dois :] 4SS ‘pariodas Jou YN ‘@duaiayip dnoib juedyubis,
!sj013u0d Ayjjeay pue spuanied UIaMISQ 3dUIIRYIP JuedYIUBIS Ou su

‘(26eyuaniad) 1ybram Apoq |eapi

xapul ssew Apoq :|Ag ‘sjosuod Ayleay :DH ‘adAigns abind/abuiq Y woiy eSOAISU BIXDIOUR :g-NY ‘19pJosip Bunes abuiq :gag ‘esonsau elwing :Ng

(1'S) 1'SE (€°L1) 8'6€ %¥'L6 (6€) OH
8 su 14SS/1eubis dois SIA/SIA/STA » DH#d39 (09) OvE (9'LL) Loy %6°06 (¥¥) @39(9) €10T '|e 33 M
(0Lee (#'S) €9C %096 (S2) DH
8 «JH#NE 14SS/1eubis dois SIA/SIA/SIA su (60) TTT (zol) 1Lz %8'€6 (91) Ng(e) £10T ‘|2 312 N\
su 10113 UOISSIWWO02/0B-0N (€'¢) TTT (977) 0T %001 (S9) DH
X9pul 9dUIHBUL z102Z e
9 su piom-1nojod/doois SIA/SIA/UN « DH#N4 % (L) TSt % (1'8) €8 %001 (0%) Ng32 3puAk3 usp uep
(r'e) 0ze (S'LL) €212 %001 (92) OH
800C
8 su 21035 AAIs|ndwi/144W ON/S3A/ON su (£9) 1'1T (6'%) L'ST %001 (#1) NG °[e 32 33ebYINOS
(zo 6Lt (z'9) €vT %001 (85) OH
Q)
9 su SI0113 UOISSIWW03/06-0N UN/SIA/EN 4N (6'L) €1T (t'9) 0°'ST %001 (S9) N9 900T ‘[e 19 |eAsOY
(co 6Lt (z9) €vT %001 (89) OH
(e)
S *JHF#G-NV SI0113 UOISSIWW03/06-0N UN/SIA/EN 4N #(L°1) £91 (£°2) 9sT %001 (91) 9-NV 900T ‘[e 19 |eAsoy
(6'1) 0'CT W) €L1 %001 (8L) DH
L su ddUIapLIUI 14/1ISS SIA/ON/SIA su (07) 0TT (17 v8L %001 (8L) NG LLOT '[e 18 ysiey
(zo) zee (£°9) ¥'9T %001 (02) OH (4a13n0)
8 *JOH#N4 dUBIBHBIUI 14/1ISS S3IA/SIA/ON su (€7) 6'CC (0°2) £'ST %001 (02) N9 600C ‘[e 19 ysiey
«JDH#NE a103s Auaisindwil/1 44N
«JH#NE 91035 |e103/4713
«JH#NE 91025 e303/1JSH (¥re) v'ee ('€) 8'0C %001 (€1) OH
X3pul UL
6 *JH#N4 piom-1nojod/doons S3IA/SIA/ON su (90 9€T (6'€) TTT %001 (€1) NEOLOT “[e 33 sdway|
9zel ('8) 09T %001 (62) DH
(q) zioz
8 su 145S/1eubis dois S3IA/SIA/ON su (£°€) 0T (8'9) €5T %001 (91) N8 “Ie 33 ndquies
©1) 6l ('8) 09T %001 (62) DH
(e) zioT
L *JDHFZA-NY 14SS/[eubis doig S3IA/SIA/ON su #9'L) L'SL (6'8) 1'LT %001 (1) a-NV  '[e 39 nusquijen
(9'1) 6'0T (L) 00T %001 (0S) DH
X3pul ddUIaU3UI L66l
9 «JDH#NE piom-inojod/doons UN/YN/AN N (I'g) 9ze (8¢) €1T %001 (¥7) N8 ‘|e 33 wingiiey
(oL/x) sbuipuiy a|gelieA awodInQHisel uonedpajp/3udwieal ] /A pigiow-0D L] (@s) ueaw (as) (@bejuadisad) »afgns Apms
a10ds£311end Jeuonesnp3 (w/6)) NG ueaw (sieak) aby aleway

qu0) L 3jqel

December 2013 | Volume 8 | Issue 12 | e83412

PLOS ONE | www.plosone.org



Inhibitory Control in Bulimic Eating Disorders

Study Hedges'g Cl95 W%
Alvarez-Moya et al.2009 0.61 011 132 33
Ben-Tovim et al.1989 . -0.50 -1.05 0.05 43
Ben-Tovim etal.1991 S R— 0.28 017 072 5.0
Black et al. 1997 R — -0.75 137 013 38
Brand et al.2007 B -0.26 099 046 32
Bruce et al.2003a —.__ -0.35 -1.03 033 35
Bruce et al.2003b _._ 0.04 047 056 45
Claes et al.2006a _D__ -0.22 078 034 42
Claes et al.2006b — -0.11 057 036 49
Cooper etal.1992 — -0.36 093 020 42
Darcy etal.2012 — -0.28 086 029 41
Davidson et al.2002 __._ 0.33 032 098 36
Duchesne etal.2010 _@__ 0.39 084  0.06 5.0
Fairburn et al. 1991 _._ -0.70 120 -0.21 47
Galimberti et al.2012a 11 -1.61 231 -0.90 33
Galimberti et al.2012b D _l__ -0.43 -1.01 015 41
Kemps etal.2010 . -0.90 -169 -0.12 29
Marsh etal.2011 _.__ -0.14 078 050 37
Rosval et al.2006a —D— -0.96 153  -0.39 41
Rosval et al.2006b —B— -0.52 087 -0.16 5.7
Southgate et al.2008 — 0.13 051 077 37
Van den Eynde etal.2012 — B -0.22 061 018 54
Wuetal 2013a — -0.76 -140 -0.12 37
Wu etal.2013b _@_ 0.06 036 049 52
overall <> 0.32 049 015 -
L 1 1 ]

Favours A

Favours B

Figure 2. Forest plot for studies on inhibitory control to general stimuli in bulimic-type eating disorders. B: bulimia nervosa; B with
frame: binge eating disorder; [J anorexia nervosa from the binge/purge subtype; CI95: 95% confidence interval; W %: relative weight (percentage);
Favours A/B: lower/higher inhibitory control in bulimic-type EDs than in controls.

doi:10.1371/journal.pone.0083412.g002

(23)=53.1, p<<0.001 (see Figure 2); however, the ESs across studies
decreased to medium inconsistency (P =56.7%). Thus, we
excluded the outlier study from the following analysis.

Moderator analysis and sensitivity analysis. Subgroup
analyses for the subtypes of bulimic-type EDs revealed significant
negative effects in AN-b and BN, indicating impaired inhibitory
control in this patient subpopulation. The ES for AN-b (Hedges’
¢=—0.91) was higher than that for BN (Hedges’ g= —0.26),
although this difference did not reach statistical significance. In
addition, the ESs across the three AN-b studies was inconsistent to
a larger extent (°=78.7%) than that across the 19 BN studies
(FF=42.7%). The pooled ES for two BED studies was non-
significant (Hedges’ g¢= —0.16, p =0.485) (see Table 2).

Various tasks were used to investigate general inhibitory control
in the retrieved studies, with the Stroop, SST, and No-go tasks
being the most commonly used. The ESs for the individual task
categories are presented in Table 2. Differences in ESs across task
categories did not reach significance (p = 0.276). The pooled ES for
studies of cognitive interference control (i.e., 12 studies using the
Stroop task and one study using the Simon task) was —0.24
(SE=0.11, Clg5 =[—0.45; —0.03], p=0.027). The pooled ES for
studies on response inhibition (i.e., six studies using the SST and
five studies using the No-go task) was —0.42 (SE=0.13,
Clg; =[—0.67; —0.17], p=0.001). With respect to disinhibition,

PLOS ONE | www.plosone.org

only two studies were available. In one of these studies, the MFI'T
was used in a sample of 14 BN patients and showed a non-
significant ES (Hedges’ g=0.13, SE=0.33, Clgs =[—0.51, 0.77],
p=0.692) [44], while in the other study, the MFFT, HSCT, and
ELT were used in 13 BN patients and revealed ESs with Hedges’ g
of —0.88 for MFFT, —1.09 for HSCT, —1.02 for ELT (all p
values <<0.03) [23]. There were not enough studies on disinhibi-
tion to calculate a pooled ES.

The sensitivity analysis, which included only studies of medium
to high quality (18 of 24 studies), yielded a comparable overall ES
(Hedges” g=—0.36, Clg;=[—0.56; —0.16]), showing that the
study quality did not influence the pooled ES in a significant way.

Inhibitory control to disease-salient stimuli

Study characteristics. A total of 12 studies in bulimic-type
ED patients (total n=218, sample size ranging from 10 to 30)
using neurocognitive tasks on inhibitory control to disease-salient
stimuli (food/eating, shape/weight) were included in the meta-
analysis. The mean quality score of all included studies was 6.2.
The characteristics of the study sample are shown in Table 3.

All the studies were conducted in BN patients. With the
exception of one study, which did not report the gender of
participants [45], samples tended to be exclusively female. The
mean age of patients was 25.5 years, with a range from 19.1 to
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Table 2. Moderator analysis of studies on general inhibitory control in bulimic-type eating disorders.

Number of  Number of Small study
studies patients Effect size Heterogeneity effects
p value
Hedges’ g Clos SE p value (Egger’s test)
subtype of eating disorders
BN 19 439 —0.26 —0.43, —0.09 0.09 0.003 Q (18)=314, p=0.026 1>=42.7% 0.878
AN-b 3 42 —0.91 —1.67, —0.14 0.39 0.020 Q (2)=9.38, p=0.009 1>=78.7% 0.375
BED 2 82 —0.16 —0.60, +0.28 0.22 0.485 Q (1)=2.0, p=0.156 12=50.3% =
tasks
Stroop 12 282 —0.25 —0.47, —0.02 0.12 0.035 Q (11)=22.0, p=0.025 12=49.9% 0.957
SST 6 124 —0.46 —0.90, —0.03 0.22 0.036 Q (5)=18.6, p=0.002 12=73.2% 0.009
No-go 5 165 —0.39 —0.69,—0.09 0.15 0.010 Q (4)=7.72, p=0.102 12=48.2% 0.905
MFFT 2 27 —0.35 —1.34, +0.64 0.50 0.488 Q (1)=3.86, p=0.05 2=74.1% —
HSCT 1 13 —1.09 —1.89, —0.29 0.41 0.008 = = =
SSIT 1 18 —0.14 —0.78, +0.50 033 0.662 — — —
ELF 1 13 —1.02 —1.81, —0.23 0.41 0.012 = = =

doi:10.1371/journal.pone.0083412.t002

27.8 years, and the mean BMI was 22.3 kg/m?, with a range from
20.4 to 26.6 kg/m?. Approximately half of the studies provided
information about educational levels or IQ) scores. Only one study
included data on co-morbid diagnoses [46], and none of the
studies provided information about the usage of psychotropic
medication.

Four out of the 12 studies (sample sizes of patients ranging from
14 to 24) failed to identify significant impairments in inhibitory
control to food/eating stimuli in BN patients, and two out of the
12 studies (sample sizes of patients were 16 and 18) failed to
identify significant impairments in inhibitory control to body/
shape stimuli in BN patients (see Table 3).

Small study effects and overall effect size. Visual
inspection of funnel plots suggested no small study effects for
inhibitory control to food/eating or to shape/weight, which were
confirmed by the results of the Egger’s test (p=0.933; p=0.532).

The overall ES for studies on inhibitory control to food/eating
stimuli was medium (Hedges’ g= —0.67, SE=0.10, Clgs = [—0.86;
—0.47], p<<0.001). No significant evidence of heterogeneity was
found, Q (11)=13.4, p=0.266, F =18.1%. Studies on inhibitory
control to shape/weight stimuli in BN patients also showed
impairments with a medium ES (Hedges’ g= —0.61, SE=0.09,
Clgs = [—0.79; —0.44], p<<0.001), with no indication for hetero-
geneity, Q (11)=9.1, p=0.616, F=0. There was no significant
difference between ESs for food/eating and shape/weight (see
Figure 3). However, the overall ES for inhibitory control to
disease-salient stimuli was significantly larger than that for general
inhibitory control (p=0.014).

Moderator analysis and sensitivity analysis. As Table 4
shows, all studies were run in BN patients, therefore, no
comparison between subtypes of bulimic-type EDs was possible.

The Stroop task was used most frequently (11 out of the 12
studies), showing significant negative ESs for cognitive interference
control to food/eating and shape/weight stimuli in BN patients
(Hedges” g= —0.67, —0.65, respectively). There was only one
study in which an alternative task (i.e., No-go task) was used to
measure response inhibition [46]. The ES for the No-go study
showed a significant effect for impaired inhibitory control to food/

PLOS ONE | www.plosone.org

Clgs: 95% confidence interval, SE: standard error; BN: bulimia nervosa; BED: binge eating disorder; AN-b: anorexia nervosa from the binge/purge subtype; SST: Stop
Signal Task; MFFT: Matching Familiar Figure Test; HSCT: Hayling Sentence Completion Test; SSIT: Simon Spatial Incompatibility Task; ELF: Excluded Letter Fluency test.

eating stimuli (Hedges’ g= —0.68, p=0.042) but not to shape/
weight stimuli (p=0.699) in BN patients (see Table 4).

Sensitivity analyses including only studies of medium to high
quality (10 of the 12 studies) yielded comparable overall ESs (food/
cating: Hedges” g= —0.66, Clg; = [—0.90; —0.41]; shape/weight:
Hedges’ ¢= —0.67, Clg; =[—0.86; —0.47]), demonstrating that
the study quality did not influence the pooled ESs in a significant
manner.

Discussion

The present systematic review and meta-analysis is the first to
quantitatively synthesise the neuropsychological findings of inhib-
itory control in bulimic-type EDs, which consist of AN-b, BN and
BED. Publications were searched up to March 2013, and 24
studies assessing inhibitory control to general stimuli and 12
studies focusing on inhibitory control to disease- salient stimuli
were included in the meta-analysis.

The main finding of the meta-analysis is that bulimic-type ED
patients have impaired general inhibitory control with a small ES
when compared to healthy controls. The two main task categories
of response inhibition (i.e., No-go task, SST) and effortful cognitive
interference control (i.e., Stroop task, Simon task) showed a similar
level of impairment. Notably, there was a significantly greater
impairment (medium ES) to disease-salient stimuli than general
stimuli, indicating that disease-salient stimuli worsen the general
impairment of inhibitory control in BN patients. The comparison
of inhibitory control to general and disease-salient stimuli was
restricted to BN patients due to a lack of studies in AN-b and BED
patients. Furthermore, the findings were largely based on cognitive
interference control tasks (i.c., the Stroop task). Further research is
needed to investigate whether greater impairment to disease-
salient stimuli is also found in AN-b and BED and whether greater
impairment is task- category independent and may also be found
in response inhibition tasks. Differentiating the spectrum of
bulimic-type EDs using diagnostic categories, preliminary findings
indicate a large ES of AN-b, a small ES for BN, and a non-
significant ES for BED with respect to impaired inhibitory control

December 2013 | Volume 8 | Issue 12 | e83412
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Study Hedges'g Ci95 W%
food / eating Ben-Tovim et al.1989 —— 112 170 -054 92
Ben-Tovim et al. 1991 —a— 059 104 014 134
Black et al.1997 —— -0.06 066 054 87
Cooper et al.1997 | -1.06 -1.82 -0.30 5.9
Davidson et al. 2002 +— -0.50 -1.16  0.16 75
Flynn et al.1999 . -0.13 -085 0.60 6.4
Jones-Chesters etal.1998 B -0.76 -146 -0.06 6.7
Lokken et al.2006 — ERE 165 -0.57 104
Lovell et al. 1997 —B— -0.55 -1.08  -0.02 10.7
Mobbs et al.2008 B -0.68 <133 -0.02 75
Perpind et al.1993 — -0.53 -1.16  0.09 8.1
Perpind et al.1998 ] -0.97 176 -0.18 54
overall <> 067 086 047 -
shape / weight Ben-Tovim et al.1989 PR — -0.84 -140 -0.27 97
Ben-Tovim et al.1991 ——— -0.57 -1.02 -0.11 15.1
Black et al. 1997 — B — -0.29 -089 032 85
Cooper et al.1997 . -0.91 -1.66 -0.17 55
Davidson et al.2002 . -0.72 -1.39  -0.05 6.9
Flynn et al.1999 ) -0.58 <132 015 5.7
Jones-Chesters et al.1998 B -0.85 -155 -0.14 6.2
Lokken et al.2006 B -0.91 -143 -0.38 11.2
Lovell et al.1997 . -0.73 -1.27 -0.20 10.7
Mobbs et al.2008 . -0.13 077 051 75
Perpind et al.1993 B -0.64 -128  -0.01 77
Perpind et al.1998 0.00 075 075 55
overall <> T 0.61 079 044 -
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Figure 3. Forest plot for studies on inhibitory control to disease-salient stimuli in bulimia nervosa patients. B: bulimia nervosa; CI95:
95% confidence interval; W %: relative weight (percentage); food/eating: study used food/eating related stimuli; shape/weight: study used shape/
weight related stimuli; Favours A/B: lower/higher inhibitory control in bulimic-type EDs than in controls.

doi:10.1371/journal.pone.0083412.g003

to general stimuli. However, these findings should be treated with
caution, as most of the studies were conducted with BN
populations, while only three studies were conducted in AN-b
patients, and only two studies in BED patients were available.

As an extension of findings from previous studies, the present
meta-analysis is the first to show significantly greater impairments
of inhibitory control to disease-salient stimuli compared to general
stimuli in BN patients. This finding indicates that attentional bias
and approach motivation to disease-salient stimuli in BN patients
may potentiate the generally impaired inhibitory control in this
population, thus facilitating binge eating (releasing feeding
behaviours from regulatory control). In comparison to previous
meta-analyses, the enlarged meta-analysis of the present study
showed a slightly smaller ES for impaired general inhibitory
control in BN when compared to previous reviews [20,36]. In
contrast, slightly higher effects were found in BN patients to
disease-salient stimuli in the present meta-analysis when compared
to previous reports [20,35]. However, the inclusion of recovered
patients in previous meta-analyses [20,35] may have also
contributed to the mentioned differences in ESs.

Furthermore, with respect to a dimensional approach, the
present findings support a decrease in inhibitory control from BED
over BN to AN-b patients. This finding has clinical implications
for the ED psychopathology, as it suggests that in BED patients,
decreased inhibitory control seems to be of less importance than
for AN-b and BN patients. These differences in inhibitory control

PLOS ONE | www.plosone.org
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may be relevant to behavioural distinctions for binge eating
between BN and BED patients [11]. However, further research is
needed to support the preliminary findings in BED patients.

The present review has progressed findings from previous
reviews in a number of ways. First, this review has included a
larger sample of bulimic-type ED patients (a total of 563 patients),
thus covering the broad spectrum of bulimic-type EDs (i.e., AN-b,
BN, and BED). Second, the methodological quality of this review
was systematically assessed and included in sensitivity analyses,
showing that there was no evidence that studies of lower
methodological quality confounded the estimated ESs. In addition,
in comparison to previous meta-analyses that focused on one
specific inhibitory control task (i.e., Stroop task) [20,35], we
included different inhibitory control tasks to calculate a more
comprehensive ES of impaired inhibitory control in bulimic-type
EDs. This methodological approach was justified, as heterogeneity
(% value) was acceptable in the face of rather different tasks and
patient populations. The stability of ESs over different inhibitory
control tasks suggests a common underlying mechanism that seems
independent from the specific task. Of note, for general inhibitory
control, more than half of clinical studies failed to identify
significant impairments in bulimic-type ED patients. In contrast,
the meta-analysis with higher statistical power uncovered a small
but significant impaired inhibitory control in bulimic-type ED
patients.

December 2013 | Volume 8 | Issue 12 | e83412
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It was not until recently that researchers began to investigate the
underlying neural circuits of impaired inhibitory control in bulimic-
type EDs [21,22,47,48]. These neuroimaging studies suggest altered
brain activation within frontostriatal circuits during the execution of
inhibitory control tasks. More specifically, BN patients failed to
activate frontostriatal circuits to the same degree as healthy
comparison subjects during the execution of a cognitive inhibitory
control task (Simon task: [21,22]; No-go task: [47]). Further
evidence for dysfunctional lateral prefrontal cortex activity comes
from a study using transcranial magnetic stimulation [49]. These
altered brain activations within frontostriatal circuits may contrib-
ute to deficits in inhibitory control at a neurocognitive level in
bulimic- type EDs. Given the findings of the present meta-analysis,
determining the neural mechanisms that contribute to deterioration
in inhibitory control to disease-salient stimuli in BN patients may be
a promising avenue for future neuroimaging research.

Limitations and implications for future work

First, the fact that we excluded studies that did not provide data for
ES calculations [25,40] and the lack of a direct search for
unpublished data and grey literature may have resulted in a potential
bias, which might have influenced the stability of pooled overall ES
for inhibitory control. However, in the current review, the funnel plot
and the Egger’s test did not show small study effects, which is an
indicator of the publication bias. Second, as common to all meta-
analyses, findings from the current meta-analyses are to some extent
influenced by the quality of primary studies, although the sensitivity
analyses demonstrated that the quality levels of the included studies
did not significantly affect the overall ES. We developed a priori a
standardized checklist of risk of bias which was based on the domains
of the Newcastle-Ottawa Scale, as no standardized criteria have been
developed to assess the quality of neuropsychological studies. Third,
for some studies, the data for the main outcome measures were not
available (e.g., interference index for Stroop task), and the secondary
outcome measure had to be used (e.g., score from colour-word
conflict trial). This may have increased the heterogeneity across
studies. However, the statistical testing for heterogeneity across
studies showed acceptable inconsistencies (after excluding one

PLOS ONE | www.plosone.org
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Table 4. Moderator analysis of studies on inhibitory control to disease-salient stimuli in BN patients.
Number of  Number of . Small study
studies patients Effect size Heterogeneity effects
p value
Hedges’ g Clgs SE p value (Egger’s test)

a) Food/eating

BN 12 218 —0.67 —0.86, —0.470.10 <0.001 Q (11)=13.4, 1?=18.1% 0.933
p=0.266

Tasks

Stroop 11 200 —0.67 —0.88, —0.450.11 <0.001 Q (10)=134, 12=25.5% 0.938
p=0.201

No-go 1 18 —0.68 —1.34, —0.020.34 0.042 — — —

b) Shape/weight

BN 12 218 —0.61 —0.79, —0.440.09 <0.001 Q (11)=9.1, =0 0.532
p=0616

Tasks

Stroop 11 200 —0.65 —0.84, —0.470.09 <0.001 Q (10)=6.65, =0 0.628
p=0.758

No-go 1 18 —0.13 —0.77, +0.51 0.33 0.699 — — -

Clgs: 95% confidence interval, SE: standard error; BN: bulimia nervosa.

doi:10.1371/journal.pone.0083412.t004

potential outlier study). Fourth, our findings of impaired inhibitory
control are valid for bulimic-type ED patients in the acute phase. We
did not include patients who had recovered from bulimic-type EDs
and did not consider whether patients were in treatment during
investigation. Further research in ED patients after recovery or rather
longitudinal studies are needed to differentiate whether inhibitory
impairments are a state or rather a trait or a ‘scar’ after recovery of
bulimic-type eating disorders. Fifth, we have not considered
emotional interference on inhibitory control performance that may
be of relevance in ED patients. However, at present the number of
studies is too small to calculate a quantitative meta-analysis across ED
diagnoses. Finally, the estimated ESs for AN-b and BED patients
should be treated with caution given the limited sample sizes.

These findings have significant clinical implications, as dimen-
sional measures of neurocognitive functioning related to inhibitory
control may help to select specific psychological (e.g., cognitive
remediation), as well as pharmacological interventions (e.g.
selective serotonin reuptake inhibitors) that are designed to target
basic neurobiological processes involved in inhibitory control
functions. A better understanding of the neurocognitive profiles of
bulimic-type EDs may help to provide a more fine-grained
diagnostic classification, and refine existing treatment approaches
as well as inform the development of new interventions.

Given the impaired inhibitory control noted in the studies,
especially to disease-salient stimuli, these findings support the use of
impulse control techniques in the current treatment regimens. In
addition, cognitive training to address inhibitory control (e,
cognitive remediation therapy) may improve treatment outcome
and may represent a promising treatment modality for future
research [50]. With respect to experimental research, future studies
should consider more complex paradigms that would allow for the
further exploration of the interactions between inhibitory control and
other cognitive domains (e.g., set-shifting, decision-making) as well as
emotional interference. Given the high comorbidity of depression and
anxiety disorders in EDs, future studies should consider to a greater
extent the impact of mood states on the performance in inhibitory
control tasks or to use paradigms that systematically differentiate
between with and without emotional interference.
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Conclusions

The primary finding of the present review is that bulimic-type
ED patients show an impairment in inhibitory control to general
stimuli with a small ES. This rather low general impairment in BN
patients was enlarged by disease-salient stimuli, suggesting a
greater impairment of inhibitory control specifically to disorder
related stimuli, which may underlie recurrent episodes of binge
eating. For AN-b and BED patients, further clinical studies are
needed to validate the preliminary findings.
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