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ABSTRACT

Introduction Bulimia nervosa (BN) is a disorder with
high health and socioeconomic burdens that typically
arises in late adolescence and early adulthood. Previous
neuroimaging studies have found functional brain changes
in patients with BN. This study aims to review the latest
neurobiological evidence from studies of individuals

with BN, examine the consistency of these findings and
evaluate the food addiction hypothesis of the disease.
Methods and analysis A systematic search will be
performed using the Cochrane Library, PubMed, Embase
and Web of Science databases, covering the period from
database inception to 30 November 2021. Two researchers
will be responsible for study selection, quality assessment
and data extraction. The anisotropic effect size version of
the signed differential mapping method will be used to
conduct a coordinate-based meta-analysis. Publication
bias will be examined with the Egger test. The quality of
studies will be evaluated using the Newcastle-Ottawa
Scale.

Ethics and dissemination No ethics approval is required
for this is a systematic review protocol and does not
require the collection of primary data. Findings will be
disseminated through peer-reviewed journal or related
conferences.

PROSPERO registration number CRD42022307233.

INTRODUCTION

Background

Bulimia nervosa(BN) is a psychiatric and
psychological disorder that often occurs in
late adolescence and early adulthood; recur-
rent binge eating is a core diagnostic crite-
rion for BN.'People withBNhave recurrent
episodes of binge eating followed by inap-
propriate compensatorybehaviours(purging)
to avoid weight gain, such as self-induced
vomiting, use of laxatives, fastingand excessive
exercise.” 'Psychiatric comorbidity, including
depression and anxiety, is very common inpa-
tientswithBN,” ®and more than one-fifth ofpa-
tientswithBNhave attempted suicide.’Studies
have shown thatpatientswithBNhave atten-
tion deﬁcits,HOwhich are associated with an
increase in the incidence of attention deficit
hyperactivity disorder.®'" '*
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Strengths and limitations of this study

» This systematic review protocol follows the Preferred
Reporting Items for Systematic Review and Meta-
Analyses guidelines.

» Two or more reviewers will independently perform
the study selection, data extraction and assessment
of the risk of bias.

» High heterogeneity is expected in the reporting of
functional MRI findings from different tasks.

Recent neuroscience studies have shown
that the function of the prefrontal lobe,
insular cortex, orbitofrontal cortex (OFC)
and striatum differ in patients with BN from
those in healthy controls, and that alterations
in the corticostriatal circuits are similar to
those observed in individuals with substance
abuse." It has been suggested that the OFC
and anterior cingulate cortex (ACC) are
overactive in this patient group, and that
impaired inhibitory control of the lateral
prefrontal circuit mediates the urges to
binge eat."* Compared with healthy controls,
patients with BN manifest hyperactivity of
the parieto-occipital regions and hypoacti-
vation of the executive control network'
and show insula and ACC activation that is
greater in response to pictures of food than
that in response to pictures of household
items.'® The role of inhibitory control disrup-
tion is increasingly recognised in BN studies.
Faced with stimuli related to eating, patients
with BN have impaired response inhibition
and inhibitory control."” The frontostriatal
area plays a central role in controlling goal-
directed thoughts and behaviours, including
response inhibition and reward processing.'®

The evidence from research examining
the food addiction hypothesis has changed
the explanatory models of eating disorders.
Eating behaviour is central in models of
eating disorders."” Changes in the food envi-
ronment that interact with individual vulner-
ability may be key risk factors for BN, and
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neuroadaptive changes in reward circuits are likely to

maintain these disorders.'” Recent small sample studies

have examined the neurobiology of individuals with

BN,*" showing a strong association between the fron-

tostriatal area function and BN.'® In fact, the diminished

activation of the frontostriatal area in patients with BN has
been shown to contribute to the severity of symptoms.*

However, small sample sizes and heterogenous protocols

of the previous studies preclude any meaningful conclu-

sions on the neurocognitive profile of individuals with BN
or binge eating disorder.**

Neurobiological research on BN is expanding rapidly.
Given the high psychiatric comorbidity and suicide rates
in patients with BN, a rigorous review of the evidence on
the neurological underpinnings of BN is required.® *
Therefore, this systematic review aims to comprehensively
examine the evidence on functional brain changes in
patients with BN to evaluate the food addition hypoth-
esis and support disease management. This meta-analysis,
which synthesises the latest neuroimaging evidence, will
be performed using the anisotropic effect-size version of
seed-based d mapping (AES-SDM). This software’s main
features include:

1. Accounting for both increases and decreases of the
outcome of interest (eg, activation and deactivation)
so that contradictory findings cancel each other.*®

2. Use of effect size estimates with random-effect mod-
elling, which increases reliability and performance.”’

3. Potential simultaneous inclusion of available 3D statis-
tical images (ie, maps of t-test values).

4. Use of threshold-free cluster enhancement (TFCE)
statistics.”®

Objective

The purpose of this systematic review is to fully under-
stand the functional changes that occur in the brains of
patients with BN and to provide evidence for the food
addiction hypothesis.

METHODS AND ANALYSIS

Study design

This protocol followed the Preferred Reporting Items
for Systematic Review and Meta-Analyses guidelines.”
The results of this systematic review and meta-analysis
will be published in a specialist journal or presented at
a conference. A preliminary search was performed using
the Cochrane Library, PubMed, Embase and Web of
Science, including records from database inception to
30 November 2021. The search strategy for the PubMed
database is presented in table 1.

Criteria of selection for study

The present study will adhere to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses Protocols
guidelines.” Following the population, interventions,
comparators, and outcomes framework, inclusion and
exclusion criteria will be based on the type of patients,

Table 1 Search strategy for PubMed
Search strategy for PubMed

#1 Bulimia [MeSH]
#2 “Bulimia Nervosa” [MeSH]
#3 Bulimi* [Title/Abstract]
#4 Bing* [Title/Abstract]
#5 Overeat* [Title/Abstract]
#6 “Compulsive eat*” [Title/Abstract]
#7 “Eating disorder*” [Title/Abstract]
#8 EDNOS [Title/Abstract]
#9 1-8/or
#10 fMRI [Title/Abstract]
#11 functional MRI [Title/Abstract]
#12 functional MRI [Title/Abstract]
#13 BOLD [Title/Abstract]
#14 10-13/or
#15 nine and 14
interventions, comparisons and outcomes reported

(table 2). Only studies published in the English language
will be included, and we will exclude data from non-
human and duplicate studies.

Outcomes
The primary outcomes are functional changes (activation
and deactivation) in individuals with BN.

Selection of studies

Search results will be exported to an Endnote database.
Two reviewers will independently screen study titles and
abstracts and exclude those studies that do not meet the
eligibility criteria. Studies whose eligibility is not clear
from title and abstract screening will undergo full-text
reading. In case of between-reviewer discrepancies on
study eligibility, a third reviewer will arbitrate. Study flow
is presented in figure 1

Data extraction and management
Two reviewers will extract data on the following variables:
publication characteristics (first author name, year of
publication, reference ID), study characteristics (study
design, control group, method of analysis), participant
characteristics (age, sex, and country of origin), task para-
digm (task details, specific contrasts of interest, cogni-
tive processes interrogated), imaging parameters (peak
coordinates, magnetic field strength, smoothing kernel,
stereotactic template space, analysis software), and statis-
tical thresholds. Disagreements between the two reviewers
will be resolved by consensus. Data sheets will be created
in Microsoft Excel. Data quality control will be performed
by the third reviewer.

The units from each study dataset will be converted
to the International System of Units before statistical
analysis. The P-statistics and T-statistics will be converted
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Table2 Inclusion andexclusion criteria

PICOS Inclusion Exclusion

P—Population  Individuals withbulimia nervosa, with fMRI Diagnosed by unofficial diagnostic criteria
|—Intervention  None None

C—Comparator
O—OQutcome

Bulimia nervosapatientsversushealthy controls

» Whole-brain results in three-dimensional coordinates (x, y, z)
of changes in standard stereotactic space (Talairach or MNI)

No comparisons

» Studies only reporting region of
interests (ROIs) findings

» Thresholds for significance corrected for multiple
comparisons (cluster level corrected,p<0.05FWE/FDR).

» Studies using coordinates relative
to analyse employing small volume
corrections in preselected ROls.

FDR, False Discovery Rate; FWE, Family Wise Error.

into Z-statistics using the SDM online converter (http://
www.sdmproject.com/utilities /?show=Statistics). The
peak data (coordinates, significance level and direction
of change) will be extracted and combined to recreate
an effect-size map. Peak coordinates not in the Montreal
Neurological Institute space will be converted using coor-
dinate mapping software. Aggregate data on participants’
demographic characteristics will be reported as means
with SD. Data processing will be performed according to
the manufacturer’s instructions.

Risk of bias and quality assessment

Qualitative risk of bias assessment will be performed for
each study. The Cochrane Handbook for Systematic Reviews
of Interventions will be used in this study. Two authors
will evaluate six areas of selection bias: selection, perfor-
mance, detection, attrition, reporting and other sources.
Trials will be rated as ‘low’, ‘high’, or ‘unclear’ risk.* Any
discrepancies in assessment will be resolved by consensus
or third-author arbitration.

Records identified through
database search
N =1836
(Pubmed n = 410; Cochrane n =93;
Embase n = 598; Web of Science n = 735)
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Figure 1 Preferred Reporting ltems for Systematic Reviews

and Meta-Analyses flow chart.

Study quality will be assessed using the Newcastle-
Ottawa Scale, which accounts for study participants,
comparability of groups, and measurement of expo-
sure factors. The quality of evidence in each study will
be defined as high (=8 points), medium (6-7 points), or
low (<5 points). Any discrepancies in quality assessments
between the two authors will be resolved by third-author
arbitration.

Meta-analysis

The meta-analysis of eligible studies will involve a variance-

weighted standard random effects model. An uncor-

rected p value of <0.005will be set as the main threshold,
with an additional peak height Z-value of >1and a cluster
extent of >10 voxels to optimally balance sensitivity and
specificity.”® Study maps will be calculated voxel-wise to
estimate the random-effects mean, which considers the
sample size, intrastudy variability and between-study
heterogeneity. AES-SDM (https://www.sdmproject.com/
software/) will be used to quantitatively synthesise find-
ings of functional brain alterations. SDM is a statistical
technique for meta-analysis that examines differences
in brain activity detected by neuroimaging techniques,
including functional MRL.***!

SDM includes five primary steps:

1. Coordinates of cluster peaks (significant BNs-vs-HCs
voxels of activation) are selected.

2. The lower and upper bounds of possible effect size im-
ages are estimated.

3. MetaNSUE is used to estimate the most likely effect
size and its SE. Several imputations are generated pre-
mised on adding noise to these estimations within the
bounds.

4. Each imputed dataset is meta-analysed. Rubin’s rules
are implemented to combine imputed meta-analysed
datasets.

5. A standard permutation test is ran by the recreated
of subject images. The process is repeated with each
set of permuted images. The maximum statistic of the
final image is saved. The distribution of these max-
ima is used to familywise error correct for multiple
comparisons.

The minimum number of studies required for synthesis
is three per analysis. When more than 10 studies are
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included, it was sufficient to detect publication bias in the
meta-analytical procedures.”* The probability threshold
will be decreased to 0.005 to minimise the detection of
false correlations.

Sensitivity analysis

Leave-one-out jackknife sensitivity analysis will be used to
test the stability of estimates derived from the functional
MRI studies; this technique involves repeating the main
analysis and systematically removing one study at a time
before repeating the analysis.

Metaregression or subgroup analysis

If enough studies are included, the following potential
sources of among-study heterogeneity will be explored
using subgroup analyses or metaregression%: task para-
digm; FEW or FDR; participants’ mean age, mean BN
duration and mean frequency of binge eating, among
others.

Patient and public involvement

Neither time nor funding has been allocated to public
engagement pertaining to this study. The review findings
will provide a summary of evidence on neuroimaging
characteristics in BN, which may be relevant to clinicians
and researchers focused on the physiopathology of BN.

Ethics and dissemination

This review does not require an ethics board approval, as
the data used are anonymised and do not infringe on indi-
viduals’ rights. The results will be reported and discussed,
as required by the Meta-analysis of Observational Studies
in Epidemiology guidelines.33 The present findings will
be published in a peer-reviewed journal or presented at
relevant conferences.

Acknowledgements We thank Dr. Yannis Paloyelis, King’s College London, for
helpful comments and valuable advices of this manuscript. We also wish to express
our gratitude to the professional and punctual manuscript editing services by
Editage.

Contributors YS and YD conceived the review topic. RS drafted the search strategy
after background exploratory searches. YS and QY cowrote the initial protocol.

YD and RS provided critical appraisal and senior oversight of the protocol. For the
systematic review, QW and XRL will perform the searches, data extraction and
analysis. RS will provide oversight of the searches, data analysis and extraction.

QW will provide statistical input for data analysis. RS and YD will provide critical
appraisal and senior oversight of the final manuscript.

Funding This study is supported by Scientific Research Project of Chengdu Health
Commission(Award Number: 2015016).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Yiming Sun http://orcid.org/0000-0002-8955-5955

REFERENCES

1 Hay P, Mitchison D, Collado AEL, et al. Burden and health-related
quality of life of eating disorders, including Avoidant/Restrictive food
intake disorder (ARFID), in the Australian population. J Eat Disord
2017;5:21.

2 American Psychiatric Association. Diagnostic and statistical manual
of mental disorders. 5th edn, 2013.

3 Herpertz-Dahlmann B. Adolescent eating disorders: definitions,
symptomatology, epidemiology and comorbidity. Child Adolesc
Psychiatr Clin N Am 2009;18:31-47.

4 Hoste RR, Labuschagne Z, Le Grange D. Adolescent Bulimia
nervosa. Curr Psychiatry Rep 2012;14:391-7.

5 Ulfvebrand S, Birgegard A, Norring C, et al. Psychiatric comorbidity
in women and men with eating disorders results from a large clinical
database. Psychiatry Res 2015;230:294-9.

6 Pisetsky EM, Wonderlich SA, Crosby RD, et al. Depression and
personality traits associated with emotion dysregulation: correlates
of suicide attempts in women with Bulimia nervosa. Eur Eat Disord
Rev 2015;23:537-44.

7 Duchesne M, Mattos P, Fontenelle LF, et al. [Neuropsychology
of eating disorders: a systematic review of the literature]. Braz J
Psychiatry 2004;26:107-17.

8 Seitz J, Kahraman-Lanzerath B, Legenbauer T, et al. The role of
impulsivity, inattention and comorbid ADHD in patients with Bulimia
nervosa. PLoS One 2013;8:¢63891.

9 Wentz E, Lacey JH, Waller G, et al. Childhood onset neuropsychiatric
disorders in adult eating disorder patients. A pilot study. Eur Child
Adolesc Psychiatry 2005;14:431-7.

10 Yates WR, Lund BC, Johnson C, et al. Attention-Deficit hyperactivity
symptoms and disorder in eating disorder inpatients. Int J Eat Disord
2009;42:375-8.

11 Blinder BJ, Cumella EJ, Sanathara VA. Psychiatric comorbidities
of female inpatients with eating disorders. Psychosom Med
2006;68:454-62.

12 Yilmaz Z, Kaplan AS, Zai CC, et al. Comt Val158Met variant and
functional haplotypes associated with childhood ADHD history in
women with Bulimia nervosa. Prog Neuropsychopharmacol Biol
Psychiatry 2011;35:948-52.

13 Kessler RM, Hutson PH, Herman BK, et al. The neurobiological
basis of binge-eating disorder. Neurosci Biobehav Rev
2016;63:223-38.

14 Van den Eynde F, Claudino AM, Mogg A, et al. Repetitive transcranial
magnetic stimulation reduces cue-induced food craving in bulimic
disorders. Biol Psychiatry 2010;67:793-5.

15 Seitz J, Hueck M, Dahmen B, et al. Attention Network
Dysfunction in Bulimia Nervosa - An fMRI Study. PLoS One
2016;11:e0161329.

16 Schienle A, Schéafer A, Hermann A, et al. Binge-eating disorder:
reward sensitivity and brain activation to images of food. Biol
Psychiatry 2009;65:654-61.

17 Wu M, Hartmann M, Skunde M, et al. Inhibitory control in bulimic-
type eating disorders: a systematic review and meta-analysis. PLoS
One 2013;8:e83412.

18 Celone KA, Thompson-Brenner H, Ross RS, et al. An fMRI
investigation of the fronto-striatal learning system in women who
exhibit eating disorder behaviors. Neuroimage 2011;56:1749-57.

19 Treasure J, Leslie M, Chami R, et al. Are trans diagnostic models of
eating disorders fit for purpose? A consideration of the evidence for
food addiction. Eur Eat Disord Rev 2018;26:83-91.

20 Coutinho J, Ramos AF, Maia L, et al. Volumetric alterations in the
nucleus accumbens and caudate nucleus in Bulimia nervosa: a
structural magnetic resonance imaging study. Int J Eat Disord
2015;48:206-14.

21 Balodis IM, Kober H, Worhunsky PD, et al. Monetary reward
processing in obese individuals with and without binge eating
disorder. Biol Psychiatry 2013;73:877-86.

22 Schéfer A, Vaitl D, Schienle A. Regional grey matter volume
abnormalities in Bulimia nervosa and binge-eating disorder.
Neuroimage 2010;50:639-43.

23 Skunde M, Walther S, Simon JJ, et al. Neural signature of
behavioural inhibition in women with Bulimia nervosa. J Psychiatry
Neurosci 2016;41:E69-78.

24 Van den Eynde F, Guillaume S, Broadbent H, et al. Neurocognition in
bulimic eating disorders: a systematic review. Acta Psychiatr Scand
2011;124:120-40.

Sun'Y, et al. BMJ Open 2022;12:052881. doi:10.1136/bmjopen-2021-052881


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8955-5955
http://dx.doi.org/10.1186/s40337-017-0149-z
http://dx.doi.org/10.1016/j.chc.2008.07.005
http://dx.doi.org/10.1016/j.chc.2008.07.005
http://dx.doi.org/10.1007/s11920-012-0280-0
http://dx.doi.org/10.1016/j.psychres.2015.09.008
http://dx.doi.org/10.1002/erv.2401
http://dx.doi.org/10.1002/erv.2401
http://dx.doi.org/10.1590/s1516-44462004000200008
http://dx.doi.org/10.1590/s1516-44462004000200008
http://dx.doi.org/10.1371/journal.pone.0063891
http://dx.doi.org/10.1007/s00787-005-0494-3
http://dx.doi.org/10.1007/s00787-005-0494-3
http://dx.doi.org/10.1002/eat.20627
http://dx.doi.org/10.1097/01.psy.0000221254.77675.f5
http://dx.doi.org/10.1016/j.pnpbp.2011.01.012
http://dx.doi.org/10.1016/j.pnpbp.2011.01.012
http://dx.doi.org/10.1016/j.neubiorev.2016.01.013
http://dx.doi.org/10.1016/j.biopsych.2009.11.023
http://dx.doi.org/10.1371/journal.pone.0161329
http://dx.doi.org/10.1016/j.biopsych.2008.09.028
http://dx.doi.org/10.1016/j.biopsych.2008.09.028
http://dx.doi.org/10.1371/journal.pone.0083412
http://dx.doi.org/10.1371/journal.pone.0083412
http://dx.doi.org/10.1016/j.neuroimage.2011.03.026
http://dx.doi.org/10.1002/erv.2578
http://dx.doi.org/10.1002/eat.22273
http://dx.doi.org/10.1016/j.biopsych.2013.01.014
http://dx.doi.org/10.1016/j.neuroimage.2009.12.063
http://dx.doi.org/10.1503/jpn.150335
http://dx.doi.org/10.1503/jpn.150335
http://dx.doi.org/10.1111/j.1600-0447.2011.01701.x

25 Welch E, Jangmo A, Thornton LM, et al. Treatment-seeking
patients with binge-eating disorder in the Swedish national
registers: clinical course and psychiatric comorbidity. BMC
Psychiatry 2016;16:163.

26 Radua J, Mataix-Cols D. Voxel-wise meta-analysis of grey matter
changes in obsessive-compulsive disorder. Br J Psychiatry
2009;195:393-402.

27 Bossier H, Seurinck R, Kihn S, et al. The influence of study-level
inference models and study set size on Coordinate-Based fMRI
meta-analyses. Front Neurosci 2017;11:745.

28 Radua J, Mataix-Cols D, Phillips ML, et al. A new meta-analytic
method for neuroimaging studies that combines reported peak
coordinates and statistical parametric maps. Eur Psychiatry
2012;27:605-11.

29

30

31

32

33

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

Higgins JPT, Altman DG, Getzsche PC, et al. The Cochrane
collaboration's tool for assessing risk of bias in randomised trials.
BMJ 2011;343:d5928.

Radua J, Via E, Catani M, et al. Voxel-Based meta-analysis of
regional white-matter volume differences in autism spectrum disorder
versus healthy controls. Psychol Med 2011;41:1539-50.

Macaskill P, Walter SD, Irwig L. A comparison of methods

to detect publication bias in meta-analysis. Stat Med
2001;20:641-54.

Lau J, loannidis JPA, Terrin N, et al. The case of the misleading
funnel plot. BMJ 2006;333:597-600.

Sun'Y, et al. BMJ Open 2022;12:€052881. doi:10.1136/bmjopen-2021-052881


http://dx.doi.org/10.1186/s12888-016-0840-7
http://dx.doi.org/10.1186/s12888-016-0840-7
http://dx.doi.org/10.1192/bjp.bp.108.055046
http://dx.doi.org/10.3389/fnins.2017.00745
http://dx.doi.org/10.1016/j.eurpsy.2011.04.001
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1017/S0033291710002187
http://dx.doi.org/10.1002/sim.698
http://dx.doi.org/10.1136/bmj.333.7568.597

	Brain functional changes in individuals with bulimia nervosa: a protocol for systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Background
	Objective

	Methods and analysis
	Study design
	Criteria of selection for study
	Outcomes
	Selection of studies
	Data extraction and management
	Risk of bias and quality assessment
	Meta-analysis
	Sensitivity analysis
	Metaregression or subgroup analysis
	Patient and public involvement
	Ethics and dissemination

	References


