
Received: 30 January 2021 - Revised: 31 March 2021 - Accepted: 6 April 2021

DOI: 10.1002/erv.2834

REV I EW

A systematic review of network analysis studies in eating
disorders: Is time to broaden the core psychopathology to
non specific symptoms

Alessio Maria Monteleone1 | Giammarco Cascino2

1Department of Psychiatry, University of
Campania ‘Luigi Vanvitelli’, Naples, Italy
2Department of Medicine, Surgery and
Dentistry ‘Scuola Medica Salernitana’,
Section of Neurosciences, University of
Salerno, Salerno, Italy

Correspondence
Alessio Maria Monteleone, Department of
Psychiatry, University of Campania ‘Luigi
Vanvitelli’, Largo Madonna delle Grazie,
Napoli 80138, Italy.
Email: alessio.monteleone@fastwebnet.it

Abstract
Objective: Network theory considers mental disorders as the product of
symptom interaction.A growingnumber of studies employing thismethodology
has been conducted in eating disorders (EDs). We aimed to review those studies
to provide evidence and limitations for a novel conceptualisation of EDs.
Methods: According to PRISMA guidelines and PICOS criteria, studies
eligible for inclusion were those employing network analysis in people with a
clinically defined diagnosis of ED. Twenty‐five studies were included and were
analysed in relation to diagnosis, comorbidity, and treatment outcome.
Results: Despite the central role of overvaluation of body shape and weight
and cognitive restraint across ED diagnoses, ineffectiveness, interoceptive
awareness and affective problems appear central symptoms. Ineffectiveness
and interoceptive awareness emerge as bridge symptoms promoting comor-
bidity in people with anorexia nervosa and in mixed ED samples. Although
few studies assessed treatment outcome, there is evidence supporting the
predictive role of central network nodes.
Conclusions: Ineffectiveness, interoceptive ability and affective problems
may be included in the core ED psychopathology, in addition to ED‐specific
symptoms. Network analysis is a promising method to reconceptualize co-
morbidity. Future studies are recommended to include general psychopa-
thology in ED networks, to assess connections with the external field and
clinical meaning of network connectivity.
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Highlights

� Overvaluation of body shape and weight and cognitive restraint appear as
central nodes across eating disorder diagnoses and ages.

� In addition to specific symptoms, ineffectiveness, low interoceptive ability
and affective problems also emerge as central nodes in eating disorders.

� There is some evidence to point to ineffectiveness and low interoceptive
ability as bridge nodes promoting psychiatric comorbidity.

� Only few studies assessed treatment outcome through the network analysis
approach

1 | INTRODUCTION

Network models have been proposed as an alternative
framework for the analysis of mental disorders (Bors-
boom, 2017; Borsboom et al., 2019; McNally, 2016) con-
ceptualising psychiatric problems as the result of
interplay among symptoms. This theory assumes that
symptoms arise from factors internal (i.e., neurobiolog-
ical dysfunctions) or external (i.e., stressful life events) to
the person and directly activate other symptoms. Thus,
symptoms influence one another and, once their con-
nections become enough strong, these relations lead the
network to sustain its own activation.

Clinical implications of network approach to mental
disorders span diagnosis and classification, comorbidity,
prognosis and treatment. Networks are composed of
nodes, the observed variables, and connections among
them, the ‘edges’. Within the networks, it is possible to
identify the most central nodes, which are the nodes with
the strongest connections in the network and thus with
higher probability to promote the development of other
network symptoms with respect to the activation of pe-
ripheral nodes. The centrality of each node can be esti-
mated through the following indexes: the strength, the
betweenness, and the closeness. The strength metric is the
most reliable parameter in psychopathology networks
(Epskamp et al., 2018). When assessing the centrality es-
timates and the strength of their edges, Epskamp
et al. (2018) recommended to ascertain the reliability of the
network calculating the accuracy of edge weights, by
computing bootstrapped confidence intervals, and the
stability of centrality indexes. Two networks can be
compared in terms of network structure, edge strength and
global strength by employing the network comparison test
(van Borkulo et al., 2019). Within the network, it is also
possible to identify particular groups of symptoms that are
very closely related and influence each other to a greater
degree (Borsboom et al., 2011; Borsboom&Cramer, 2013).
Although these ‘clusters’ of symptoms may be associated
with a specific diagnostic and statistical manual of mental

disorders (DSM)‐defined mental disorder, their activation
does not stop at the border of a DSM diagnosis and may
promote the activation of symptoms belonging to a cluster
associated with another DSM‐conceptualised disorder
(Borsboom, 2017; Boschloo et al., 2015). This new con-
ceptualisation of psychiatric disorders and comorbidity is
in accordance with innovative research frameworks for
investigating mental disorders, that is, the research
domain criteria (RDoC) initiative (Insel et al., 2010). This
system describes psychopathology as the product of the
interplay between six domains of human functioning
highlighting the importance to integrate classes of vari-
ables coming fromdifferent levels of analysis (from genetic
to self‐report assessments). The network clusters may be a
priori theoretically defined or identified through a network
analytic procedure (Blanken et al., 2018). In this line, it is
possible to identify the ‘bridge’ nodes shared by different
clusters whose activation promotes comorbidity between
two disorders (Fried et al., 2017). Two main estimates are
used to assess the bridge centrality of each node, the bridge
strength and the bridge expected influence, which are the
sum of the absolute values and the sum of positive and
negative values of the edges that connect anode to all nodes
that arenot part of the same community (Jones et al., 2019).
Network studies also allow to investigate the connection of
symptoms in the networkwith conditions that are external
to the network but not outside of the person (the ‘external
field’). Furthermore, the density of connections between
symptoms has been hypothesised to reflect the probability
of other symptoms activation, thus representing an
important prognostic factor (Fried et al., 2017). The most
central symptoms and their connectionsmay represent the
most important variables contributing to the maintenance
of psychopathology and, thus, potential targets to disrupt
the network and prevent further activation of symptoms
(Borsboom, 2017; Fried et al., 2017).

Network approach offers a new perspective to
conceptualise eating disorder (ED) psychopathology.
Indeed, in the last few years a growing number of studies
has employed the network approach in the ED field. This
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is highly reasonable in the light of studies (Treasure
et al, 2020a; 2020b) describing ED psychopathology as the
product of several vicious cycles, which is consistent with
the network approach. In addition, treatment effective-
ness in EDs is modest and there is a great need for
treatment innovation in order to specifically target
maintaining factors of the ED psychopathology (Kan
et al., 2019; Murray et al., 2018; Murray et al., 2018, 2019;
Pennesi & Wade, 2016). Two published papers (Levinson
et al., 2018; Smith et al., 2018) have reviewed literature
studies conceptualizing EDs from a network approach.
However, they included a low number of studies and
focused on the description of network analysis as a
possible innovative tool to understand ED psychopa-
thology. To this purpose, these review studies provided
methodological considerations as well as a description of
new methods and directions for network research in EDs.
Given the number of network studies published in the
recent years, there is a need to update the knowledge
deriving from network theory application in EDs and to
provide further directions for future studies. Thus, we
aimed to systematically review studies exploring ED
psychopathology and treatment through the use of
network analysis. This systematic review attempts to
provide evidence and limitations for a novel con-
ceptualisation of EDs, as indicated by the network theory,
analysing network data related to diagnosis, comorbidity,
and treatment outcome in these psychiatric disorders.
According to the network theory (Borsboom, 2017), we
expected to observe high centrality not only of ED‐
specific nodes, but also of those relative to internalising
symptoms, with a predictive role of central nodes on
treatment outcomes.

2 | METHODS

2.1 | Information sources and searches

The PRISMA guidelines were followed to select and
assess published articles (Moher et al., 2010).

In order to perform a systematic review of the litera-
ture, the following search keys were used in PubMed and
Scopus: ‘network analysis’ AND ‘anorexia nervosa’ OR
‘bing*’ OR ‘bulimi*’ OR ‘eating disord*’. Bibliographies
from relevant papers were inspected to identify studies
not yielded by the initial search.

2.2 | Eligibility criteria

Articles were selected according to the following in-
clusion criteria: the paper (1) was a peer reviewed

research article published in English; (2) included at
least one network analysis as statistical method; (3)
included samples of people with a current or lifetime
diagnosis of any ED according to the DSM5 criteria and
diagnosed through face‐to‐face clinical interviews or
through validated diagnostic questionnaires; (4) was
published between 1 January 2016 and 15 November
2020. Review papers, meta‐analyses and case reports
were excluded.

2.3 | Study selection and data collection
process

The literature search identified 971 papers. GC identified
literature papers through database searching. AMM and
GC independently screened the identified full‐text arti-
cles for eligibility. This resulted in the inclusion of 25
studies in the qualitative synthesis. Figure 1 reports the
flow diagram of study inclusion.

3 | RESULTS

3.1 | General characteristics of selected
studies

The main characteristics (diagnosis, sample size of each
patients' groups and psychometric assessment tools), the
assessed outcomes and the main findings of each study
are reported in Table 1

Nine studies included samples with diagnosis of AN;
3 studies samples with diagnosis of BN and 3 studies
samples with diagnosis of BED; 8 studies included mixed
samples with AN, BN, BED and OSFED diagnoses; 3
studies mixed samples with AN, BN and OSFED di-
agnoses; one study a mixed sample with AN and BN
diagnoses and one study a mixed sample with AN, BN
and BED diagnoses. Thirteen studies were conducted on
outpatients, 8 studies on inpatients, including one on
recently discharged patients, and 3 studies included both
inpatients and outpatients.

Thirteen studies presented networks with question-
naire single item scores as nodes; 8 networks with
questionnaire subscale scores as nodes; 2 studies net-
works with both questionnaire single item scores and
subscale scores as nodes and only one study presented a
network composed of questionnaire subscale scores and
task scores as nodes. Six studies included only eating
related symptomatology in the networks, while 18 studies
included general psychopathology measures in addition
to the ED ones; 9 of the latter studies used the bridge
function to identify the nodes connecting symptom
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clusters. No study assessed differences between men and
women with EDs.

All studies performed concentration networks (con-
sisting of undirected and weighted edges signified by
partial correlations) with cross‐sectional data. Only one
study (Rodgers et al., 2019) employed a Bayesian network
(consisting of directed and unweighted edges).

Studies using the same outcome measure or outcome
measures tapping into the same process were clustered
together. This resulted in: (1) a group of studies assessing
diagnosis and classification through the identification of
the nodes with the highest centrality in the network; (2) a
group of studies assessing psychiatric comorbidity
through the bridge function analysis, which identifies the
nodes connecting ED‐specific with general symptoms or
with variables belonging to the external field; (3) a group
of studies assessing treatment outcome in terms of the
predictive role of central nodes, of changes in network
connectivity between before and after treatment or
through the use of the network intervention analysis. This
last group of papers encompassed studies assessing the
predicting value of network central nodes, studies eval-
uating the predictive value of network density and studies
investigating treatment‐induced changes in the network
structure.

The most central nodes reported in the present sys-
tematic review were those indicated by the authors in
each selected article. Furthermore, when more networks
were performed in the same study, we reported only
results from the network including the highest number of
nodes. Indeed, these more inclusive networks allow a
better description of psychopathology (Fried &
Cramer, 2017).

3.2 | Diagnosis

Strength centrality is the most used (17 out of 25 studies)
index to assess the centrality of nodes in the ED net-
works. It refers to the sum of the absolute edge weights
between a focal node and all the other connected nodes
in the network, quantifying how well a node is directly
connected to other nodes (Epskamp et al., 2018). Another
index (‘expected influence’), which accounts for negative
edges referring to the sum of the values (+or ‐), has also
been widely used (9 out of 25 studies). The accuracy of
these estimates has been provided in terms of stability‐
coefficient in 22 out of 23 studies. Considering these pa-
rameters, overvaluation of body shape and weight,
dissatisfaction with body shape and weight and desire to

F I GURE 1 Flow chart of the study
selection process
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TABLE 1 Description of included studies

Study Sample
Age (years):
mean (SD) Scales Nodes Outcome Findings

Brown
et al. (2020)

428 male/female
adolescents and
male/female adults
with AN; BN, BED
and OSFED

21.7 (8.8) EDE‐Q, MAIA Items Centrality Desire to lose weight,
feeling guilty,
listening for
information from the
body about emotional
state

Outcome centrality Stronger desire to lose
weight at admission
was associated with
lower likelihood of
achieving remission
at discharge

Bridge Not feeling safe in one's
body, mistrust in
body sensations,
ignoring physical
tension

Calugi
et al. (2020)

547 male/female
adolescents and 724
male/female adults
with AN

Adolescents
16.3 (1.9)

Adults: 29.7
(8.9)

EDE‐Q Items Centrality Shape overvaluation and
desiring weight loss
both in adolescents
and adults

Cascino
et al. (2019)

84 female adults with
AN

27.0 (8.8) EDI‐2, IDEA Subscores Centrality Feeling extraneous from
one's own body,
feeling oneself
through objective
measures,
interoceptive
awareness, social
insecurity

Du Bois
et al. (2017)

194 male/female
adolescents and
adults with AN, BN,
BED and OSFED

25.5 (11.7) EPSI, EDE‐Q Subscores,
2 items
from
EDE‐Q

Centrality Overvaluation of weight
and shape

Elliott
et al. (2020)

142 female/male adults
with AN

EDE, DASS Items Centrality (network
EDE items)

Bridge (network
EDE and DASS
items)

Outcome centrality
(network EDE
items)

Feeling fat, fear of
weight gain, desire to
lose weight, discom-
fort with body,
dissatisfaction with
weight

Feelings of worthless-
ness bridged depres-
sion to eating
disorder symptoms

Symptom centrality at
baseline was related
to failure to recover
and to clinical
impairment at 12
months

(Continues)
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TABL E 1 (Continued)

Study Sample
Age (years):
mean (SD) Scales Nodes Outcome Findings

Forbush
et al. (2016)

143 female/male adults
with AN, BN, BED
and OSFED

25.0 (7.7) EPSI Items Centrality Trying on different
outfits because one
did not like how one
looked, excessive
exercise, eating when
not physically
hungry, being
disgusted by the sight
of obese people and
not liking how one's
body looked

Forrest
et al. (2018)

604 female adolescents
and adults with AN
and 477 with BN

AN: 15.5 (1.1),
28.7 (11.7)

BN: 16.1 (1.0),
26.3 (8.8)

EDE‐Q Items Centrality AN, BN: desiring weight
loss, restraint, shape
and weight
preoccupation and
shape overvaluation

Forrest
et al. (2019)

296 male/female
adolescents and
adults with AN, BN,
BED, OSFED

Adolescents:
17.2 (1.3)

EDE‐Q,
STAI‐T

Items Centrality Dietary restraint,
overvaluation of and
dissatisfaction with
shape and weight,
low feelings of
satisfaction,
steadiness and
security

Adults: 27.1
(10.0)

Bridge The strongest eating
disorder bridge node
was avoidance of
social eating, while
the strongest trait
anxiety bridge node
was low self‐
confidence.

Goldschmidt
et al. (2018)

636 male/female
children and
adolescents with AN,
BN, OSFED

15.4 (2.2) EDE Items Centrality Dissatisfaction with
shape/weight,
feelings of fatness,
restraint over eating,
fear of weight gain,
and empty stomach

Hilbert
et al. (2020)

178 adults with BED EDE, DEBQ,
CIA, BDI,
RSES, BIS‐
BAS, BMI

Subscores Centrality Eating disorder‐related
impairment and self‐
esteem

Outcome centrality Central symptoms did
not predict treatment
outcome

Outcome
connectivity
(NCT)

Network connectivity
significantly
increased from pre‐
to post‐treatment, but
not from pre‐
treatment to 6
months follow‐up

Network connectivity
did not differ
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TABL E 1 (Continued)

Study Sample
Age (years):
mean (SD) Scales Nodes Outcome Findings

between responders
with remission and
non‐responders at
post‐treatment and at
follow‐up

Kerr‐Gaffney
et al. (2020)

101 male/female adults
with current of
lifetime AN

26.9 (8.3) EDE‐Q,
SRS‐2

Items Centrality Isolation, difficulties
with relating to
others, and feelings
of tension

Bridge Concerning about other
people seeing you
eat, low self‐
confidence

Levinson
et al. (2017)

196 female/male adults
with BN

28.2 (9.2) EDE, BDI, BAI Items Centrality Fear of weight gain,
desire to lose weight,
feelings of fatness
and worthlessness,
sadness,
concentration
difficulties, feeling
shaky/unsteady/
choking or dizzy

Meier
et al. (2020)

303 female/male adults
with AN, BN, BED,
OSFED

30.3 (11.8) EDE‐Q,
Y‐BOCS‐SR

Items Centrality Fear of weight gain,
restrained eating,
interference due to
obsessions, weight
overvaluation and
preoccupation with
shape and weight

Bridge Difficulty controlling
obsessions and
compulsions, time
spent on obsessions

Monteleone
et al. (2019)

405 female/male
children and
adolescents with AN

14.9 (1.8) EDI‐2, MASC,
CDI, YSR

Subscores Centrality Depression and personal
alienation

Bridge Depression, personal
alienation, low self‐
esteem, and
interoceptive
awareness

Monteleone
et al. (2019)

94 female adults with
AN‐restricting
subtype and 134 with
binge‐purging AN or
BN

25.9 (7.6)
28.6 (9.4)

EDI‐2, CTQ,
STAI

Subscores Shortest pathways Each childhood
maltreatment type
was connected to
eating disorder psy-
chopathology
through emotional
abuse

AN‐R: interoceptive
awareness connected

(Continues)
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TABL E 1 (Continued)

Study Sample
Age (years):
mean (SD) Scales Nodes Outcome Findings

emotional abuse to
drive to thinness

AN‐BP, BN: interocep-
tive awareness and
ineffectiveness con-
nected emotional
abuse to bulimia

Monteleone
et al.
(2020b)

77 female adults with
AN and BN

AN‐R: 28.38
(7.89)

AN‐BP: 26.76
(7.25)

BN: 27.06
(11.73)

EDE‐Q,
MASC
(task),
EAT‐R
(task)

Subscores Centrality

Bridge

Inference of cognitive
mental states and
shape concern

Eating restraint and
inference of
emotional mental
states

Olatunji
et al. (2018)

5193 female adolescents
and adults with AN,
BN, OSFED

22.61 (8.26) EDI‐2, BDI,
BAI

Subscores Centrality EDs: Interoceptive
awareness and inef-
fectiveness both at
admission and
discharge

Underweight patients at
admission: Intero-
ceptive awareness,
ineffectiveness, im-
pulse regulation and
ascetism

Not underweight pa-
tients at admission:
Interoceptive aware-
ness and impulse
regulation

Outcome
centrality

Ineffectiveness at
admission predicted
discharge BMI and
discharge depression

Rodgers
et al. (2019)

EDE‐Q, BDI Bayesian network
in not‐abused
ED people,
symptom
importance

Overvaluation of shape
and weight,
depressed mood,
energy in behaviours
(eating large amount
of food)

Bayesian network
in abused ED
people,
symptom
importance

Depressed mood, energy
out behaviours
(purging and driven
exercise), dietary
restriction

Smith et al.
(2019)

446 female/male
adolescents and
adults with AN, BN,
OSFED

26.12 (10.1) EDE‐Q, QIDS‐
SR,

Items Centrality Desire to lose weight,
guilt about eating,
shape overvaluation
and wanting an
empty stomach
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TABL E 1 (Continued)

Study Sample
Age (years):
mean (SD) Scales Nodes Outcome Findings

STAI‐T Outcome
connectivity
(NCT)

The global network
strength did not
change significantly
between admission
and discharge

The density of admission
and discharge net-
works was greater
among patients whit
lower treatment
improvement at
discharge

Smith et al.
(2020)

238 female/male
adolescents and
adults with AN, BN,
BED and OSFED

17.61 (10.91) EDI‐3, DSI‐SS,
FAD

Subscores
and
items

Centrality Thoughts of killing
oneself, feeling
inadequate, body
dissatisfaction, and
drive for thinness

Bridge Pain tolerance connected
suicidality and eating
disorder symptoms

Solmi
et al. (2018)

2068 female/male
adolescents and
adults with AN, BN,
BED

AN: 23.13 (7.58)
BN: 26.06
(8.23) BED:
35.31 (11.48)

EDI, SCL‐90,
TPQ

Subscores Centrality EDs: Ineffectiveness,
depression, anxiety,
BMI

AN: Ineffectiveness,
depression, anxiety,
interoceptive
awareness

BN, BED: Ineffective-
ness, depression,
anxiety, interpersonal
sensitivity

Solmi et al.
(2019)

955 female adolescents
and adults with AN

AN‐BP: 25.69
(7.67)

AN‐R: 21.81
(7.20)

EDI, SCL‐
90, TPQ

Subscores Centrality AN‐BP: Depression,
anxiety, interpersonal
sensitivity, ineffec-
tiveness, interocep-
tive awareness

AN‐R: depression, anxi-
ety, interpersonal
sensitivity, ineffec-
tiveness, drive to
thinness

Vanzhula
et al.
(2019)

158 female/male
adolescents and
adults with AN, BN,
BED, OSFED
recently discharged

25.77 (8.95) EDE‐Q, PCL‐C Items Centrality Binge eating, fear of
weight gain,
disturbing dreams
and being upset at
reminders of trauma

Bridge Binge eating, irritability,
desire for a flat
stomach and
concentration
problems

(Continues)
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lose weight were the most central nodes in ED networks.
This finding has been largely replied across studies in all
ED diagnoses, thus supporting the transdiagnostic theory
of EDs (Fairburn et al., 2003). Indeed, these nodes
appeared to be central in adult people with AN restricting
type as well in those with AN binge‐purging type and in
those with BN (Forrest et al., 2018). The same finding was
detected in studies with mixed ED diagnostic groups
(DuBois et al., 2017; Forbush et al., 2016), in that
exploring differences among the main ED groups in ad-
olescents (Goldschmidt et al., 2018) and in those
comparing adolescents and adults with EDs (Calugi
et al., 2020). These results highlight the central role of
cognitive symptoms while behavioural symptoms (i.e.,
binging or purging) appear to be peripheral nodes in the
ED networks. The transdiagnostic high centrality of
overvaluation and dissatisfaction with body shape and
weight was also confirmed in a large population with
BED (Wang et al., 2019). The high replicability of these
centrality data in people with EDs may be questioned in
the light of the use of the Eating Disorders Examination
Questionnaire (EDE‐Q) or interview, which was specif-
ically developed from the cognitive behavioural model of
EDs, in the majority of those studies. However, most of
the networks including other psychometric assessment
tools together with the EDE‐Q scores showed high cen-
trality of overvaluation of body shape and weight (Forrest

et al., 2019; Levinson et al., 2017; Meier et al., 2020; Smith
et al., 2019, 2020) and high centrality of anxiety, depres-
sive, obsessive‐compulsive or post‐traumatic stress
disorder symptoms too. On the other hand, one study
(Kerr‐Gaffney et al., 2020) showed that difficulties in
social communications and isolation were core psycho-
pathological symptoms in people with a current or past
diagnosis of AN over and above shape and weight
concerns. The high centrality of interpersonal difficulties
has been highlighted also in other studies conducted
in people with AN (Monteleone et al., 2019; Solmi
et al., 2019) or in a mixed ED diagnostic group (Solmi
et al., 2018). Furthermore, some studies identified also
ineffectiveness feelings (Hilbert et al., 2020; Olatunji
et al., 2018; Solmi et al., 2018; 2019; Vervaet et al., 2020),
interoceptive awareness (Cascino et al., 2019; Olatunji
et al., 2018; Solmi et al., 2018, 2019; Vervaet et al., 2020)
or emotional regulation/internalising difficulties (Forrest
et al., 2019; Levinson et al., 2017; Monteleone et al., 2019;
Solmi et al., 2018, 2019; Vervaet et al., 2020) as central
symptoms in ED networks. In most of these latter studies,
drive to thinness as opposed to body dissatisfaction
showed moderate‐high centrality and the Eating Disorder
Inventory (EDI) instead of the EDE‐Q was employed.
Thus, the inclusion of nodes representing the general
psychopathology and not only the ED core psychopa-
thology affects the centrality results of ED networks

TABL E 1 (Continued)

Study Sample
Age (years):
mean (SD) Scales Nodes Outcome Findings

Vervaet
et al. (2020)

1969 female/male
adolescents and
adults with AN, BN,
BED and OSFED

23.93 (8.85) EDI‐2 TCI,
YSQ,
FMPS,
BDI‐II,
STAI, RS

Subscores Centrality Overvigilance and
inhibition of
emotions,
perfectionism,
interoceptive
awareness,
ineffectiveness and
impaired autonomy
and performance

Wang
et al. (2019)

788 female/male adults
with BED

45.6 (9.9) EDE Items Centrality Overvaluation of shape
and weight,
dissatisfaction with
weight

Abbreviations: AN, Anorexia Nervosa; BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; BED, Binge Eating Disorder; BIS‐BAS, Behavioral
Inhibition System/Behavioral Activation System Scales; BMI, Body Mass Index; BN, Bulimia Nervosa; CIA, Clinical Impairment Assessment; CDI, Children's
Depression Inventory; CTQ, Childhood Trauma Questionnaire; DASS, Depression, Anxiety and Stress Scale; DEBQ, Dutch Eating Behavior Questionnaire;
DSI‐SS, Depressive Symptom Inventory‐ Suicidality Subscale; EAT‐R, Empathic Accuracy Task‐Revised; EDs, Eating Disorders; EDE‐Q, Eating Disorder
Examination Questionnaire; EDI, Eating Disorder Inventory; EPSI, Eating Pathology Symptom Inventory; FAD, Fearlessness About Death (scale); FMPS,
Frost Multidimensional Perfectionism Scale; IDEA, Identity and Eating Disorders; MAIA, Multidimensional Assessment of Interoceptive Awareness; MASC,
Multidimensional Anxiety Scale for Children; MASC (task), Movie for the Assessment of Social Cognition; OSFED, Other Specified Feeding or Eating
Disorder; QIDS‐SR, Quick Inventory of Depressive Symptomatology–Self‐Report; RS, Resilience Scale; RSES, Rosenberg Self‐Esteem Scale; SCL‐90, Symptom
Check‐List 90; SRS, Social Responsiveness Scale; STAI, State and Trait Anxiety Inventory; TCI; Temperament and Character Inventory; TPQ, Tridimensional
Personality Questionnaire; Y‐BOCS‐SR, Yale–Brown Obsessive Compulsive Scale–Self‐Report; YSQ, Young Schema Questionnaire; YSR, Youth Self Report.
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pointing to a high relevance of non ED‐specific core
symptoms.

3.3 | Comorbidity

Bridge centrality indicates a node's total connectivity
with other communities (groups of symptoms that are
very closely related). Therefore, the nodes with high
bridge centrality are spreading activation of symptoms
from one disorder to another and, thus, promote psy-
chiatric comorbidity (Fried et al., 2017). The assessment
of bridge symptoms in ED network studies has been
conducted in 9 out of 15 studies, with the remaining
ones exploring comorbidity in terms of the strongest
edges between different cluster of symptoms or by
visually inspecting the network structure. In people with
AN, low self‐esteem was a node with high bridge cen-
trality in several studies (Elliott et al., 2020; Forrest
et al., 2019; Kerr‐Gaffney et al., 2020; Monteleone
et al., 2019), while avoidance of social eating was a
bridge symptom between anxiety and eating psychopa-
thology (Elliott et al., 2020; Forrest et al., 2019; Kerr‐
Gaffney et al., 2020). In samples with mixed ED
diagnoses the replicability of the bridge centrality is
highly affected by the type of nodes included in the
network, which differed across studies. Indeed, Vanz-
hula et al. (2019) found that irritability, concentration
problems, binge eating and desire for a flat stomach
were the highest bridge nodes connecting Post‐
Traumatic Stress Disorder (PTSD) and ED core symp-
toms, while Brown et al. (2020) identified body mistrust
as the bridge symptom between ED psychopathology
and variables describing the interoceptive function.
Consistent with the latter study, another interoceptive
symptom, pain tolerance, was found to bridge ED‐
specific and suicidality symptoms (Smith et al., 2020).
Studies assessing comorbidity without the bridge func-
tion analysis corroborated the role of low ability to
discriminate physical sensation as the node connecting
ED and general symptoms in networks conducted in
people with BN (Levinson et al., 2017), AN (Cascino
et al., 2019) or with mixed ED diagnoses (Smith
et al., 2019). No study has investigated bridge symptoms
in sample composed only of people with BN or BED.

3.4 | External field

The external field is composed of conditions ‘that can
influence symptoms from outside the network’ and that
are ‘external relative to the psychopathology network, but
not relative to the physical boundaries of the person’

(Borsboom, 2017). According to this definition, only few
studies have been conducted in EDs exploring this
dimension. One of these study (Monteleone et al., 2019)
included in the network the five dimensions of
maltreatment experienced in childhood, as assessed by
the Childhood Trauma Questionnaire (Bernstein
et al., 2003), and ED‐specific and anxiety symptoms.
Emotional abuse was identified as the node connecting
all types of early adverse experiences and psychopathol-
ogy. Moreover, ineffectiveness and interoceptive aware-
ness were identified in the shortest pathway between
emotional abuse and drive to thinness or bulimic symp-
toms in people with AN restricting type and with AN
purging type or BN, respectively. In accordance with this
study, early maladaptive schema (over‐vigilance and in-
hibition of emotions and impaired autonomy and per-
formance) were external field nodes resulting highly
central in samples with mixed EDs (Vervaet et al., 2020),
although their possible bridge role was not assessed.
Another study (Monteleone, Corsi, et al., 2020) explored
the connections of ED‐specific and affective symptoms
with mentalizing and empathy, assessed through exper-
imental tasks, and displayed emotional mental state
inference and restraint as the bridge nodes between
psychopathology and socio‐cognitive processes. This was
the only study including data from multiple levels of
assessment in an ED network. Finally, personality and
identity variables were included in ED networks: trait
characteristics resulted peripheral nodes in people with
different ED diagnoses (Solmi et al., 2018, 2019; Vervaet
et al., 2020) while feeling oneself through objective
measures was a central node in people with AN (Cascino
et al., 2019).

3.5 | Outcome: central nodes, network
connectivity, network intervention
analysis

Four studies assessed treatment outcome in people with
EDs by exploring the ability of the most central symp-
toms to predict the course of psychopathology (Bors-
boom, 2017). In a sample with mixed ED diagnoses,
Olatunji et al. (2018) found that baseline ineffectiveness
predicted BMI and depressed symptoms at discharge,
while Brown et al. (2020) displayed that baseline stronger
desire to lose weight was associated with lower likelihood
to achieve remission at discharge. In people with AN,
higher levels of the most central nodes (items related to
the overvaluation of shape and weight) were related to
poorer recovery and higher clinical impairment at 12
months follow‐up. Only one study (Hilbert et al., 2020)
failed to identify a predictive role of the most central
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symptoms in people with BED undergoing an internet‐
based CBT intervention.

Changes in the density (the sum of absolute values of
all connections in the network) of the network before and
after treatment have been suggested as a further method
to employ network analysis to predict treatment outcome.
A more dense network should predict higher vulnera-
bility to the spread of symptom activation (Bors-
boom, 2017): in line with this hypothesis, a stronger
connectivity has been found in an ED patients' network
compared to a network of healthy students (Vanzhula
et al., 2019). A comparison between pre‐ and post‐
treatment network connectivity has been done through
the network comparison test in two studies and revealed
mixed results. Indeed, Smith et al. (2019) did not find
significant differences between pre‐ and post‐treatment
network connectivity in a population with mixed ED di-
agnoses, although patients with higher clinical improve-
ment at the end of the treatment were those with lower
density of the network at admission and at discharge.
Contrary, Hilbert et al. (2020) identified a significant
increase of network connectivity at the end of the treat-
ment, without significant differences between the
admission network and that computed at 6 months
follow‐up.

Only one study has employed the network intervention
analysis method. This is a novel procedure, which in-
cludes a dichotomous treatment variable in the network
in order to investigate the sequential development and
the order of treatment‐induced changes of specific
symptoms and to highlight possible pathways through
which the effects of treatment evolve (Blanken
et al., 2019). A specific direct positive effect of the
Recovery MANTRA intervention, in comparison to
treatment as usual, has been found in people with AN on
anxiety, shape concern and restraint at the end of the
treatment but it did not persist at the follow‐up (Mon-
teleone et al., 2020a).

4 | DISCUSSION

This systematic review aimed to update the current
knowledge of ED psychopathology and treatment
deriving from the use of network analysis method in this
field. The selected studies support the central role of
overvaluation and concerns about body shape and weight
and desire to lose weight across ages and ED diagnoses,
in accordance with the transdiagnostic theory of EDs. In
accordance with our hypothesis, non‐specific ED symp-
toms such as low self‐esteem, reduced interoceptive
awareness and affective problems may also be suggested
as central symptoms in ED psychopathology. Literature

also provides evidence of a putative role of ineffectiveness
as a psychopathological dimension promoting comor-
bidity between specific and general psychopathology in
people with AN, while there is some evidence for a
similar role also for interoceptive awareness in people
with EDs as a unique diagnostic group. Despite the low
number of studies using the network approach to assess
treatment outcome, the hypothesised role of central
nodes of the network as those predicting recovery may be
suggested.

The network approach describes the nodes with high
centrality as those maintaining psychopathology (Bors-
boom, 2017). The main and novel feature emerging from
our review is that, although many network studies sup-
port the transdiagnostic theory of EDs (Fairburn, 2003),
the centrality of overvaluation of body shape and weight
and cognitive restraint should be accepted with caution.
Indeed, this evidence arises from studies employing the
EDEQ, a questionnaire designed on the cognitive‐
behavioural model of EDs and including items that may
overlap, as ascertained by the use of a network technique
measuring the proportion of correlations shared by two
items, the goldbricker function (Brown et al., 2020; Calugi
et al., 2020; Elliott et al., 2020; Forrest et al., 2019;
Kerr‐Gaffney et al., 2020; Meier et al., 2020). Studies
exploring ED psychopathology through the EDI and
those assessing non–ED‐specific psychopathological fea-
tures highlight the centrality of other symptoms too,
spanning ineffectiveness feelings, low interoceptive abil-
ities and emotion regulation difficulties. Thus, network
results are highly dependent on which variables are
evaluated. This assumption is exemplified by the case of
Vanzhula et al. (2019), who showed that binging had
high centrality and bridge strength, given its specific
connection with traumatic symptoms included in their
network model, while in all the other ED networks it was
a peripheral node. This limitation of network analyses is
common to other statistical methods but may have
contributed to the low reproducibility of network findings
(Forbes et al., 2019). Only a few studies (Monteleone
et al., 2019; Solmi et al., 2018; Vervaet et al., 2020) have
included in their networks a broad range of general and
ED‐specific symptoms, thus allowing to evaluate the
centrality of each symptom taking into account the
possible effect of all the internalizing symptoms which
have been found associated to ED psychopathology
(Marzola et al., 2020; Spindler & Milos, 2007). Therefore,
this systematic review highlights the need in future
studies for a theoretically driven selection of nodes, thus
including general psychopathology and employing the
suggested method (the goldbricker function) to ascertain
the lack of overlapping between the network items
and to inform their selection. In addition to these
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methodological issues, the results of our review highlight
the likelihood to consider ineffectiveness, interoceptive
awareness and affective problems as central symptoms
together with overvaluation of body shape and weight.

The second major finding of this review is related to
the evaluation of psychiatric comorbidity in EDs through
the network approach, even if results cannot be consid-
ered conclusive because of the low number of studies
employing the bridge function analysis to assess comor-
bidity. In people with AN, there is evidence to indicate
ineffectiveness as the bridge node between specific and
general psychopathology and avoidance of social eating
as the bridge node between specific and anxiety symp-
toms. Furthermore, low interoceptive ability also seems
to contribute to comorbidity, although this evidence was
only partially drawn through bridge analysis. Ineffec-
tiveness and interoceptive awareness were also nodes
with high centrality in the ED networks: thus, they could
be implicated in the maintenance of both ED and co-
morbid psychopathology and may be considered possible
treatment targets, especially in the presence of psychiatric
comorbidity. Future studies are recommended to eval-
uate the possible bridge role of affective regulation
problems, which have shown high centrality in ED net-
works. More studies are also needed to explore the con-
nections between psychopathology and the external field
through network analysis, an area of investigation that
has been already emphasised in EDs (Levinson
et al., 2018; Smith et al., 2018). The findings of our review
demonstrate that, so far, this area of investigation in-
cludes only two studies (Monteleone et al., 2019, 2020b)
assessing the connection of ED psychopathology with
childhood traumatic experiences or socio‐cognitive defi-
cits and few studies investigating in terms of centrality
the connection with personality dimensions (Solmi
et al., 2018; Vervaet et al., 2020) and identity (Cascino
et al., 2019).

This systematic review also aimed to assess the role of
the network approach to predict treatment outcome in
EDs. Of the three main approaches proposed to measure
treatment outcome through network analysis (assessing
the predictive role of central nodes on outcome,
comparing network structure and connectivity before and
after treatment, evaluating mechanisms of treatment‐
induced changes) the reviewed literature supports the
validity of the first one only. Indeed, three out of four
studies (Brown et al., 2020; Elliott et al., 2020; Hilbert
et al., 2020; Olatunji et al., 2018) identified a predictive
role of the most central nodes on the treatment outcome.
This result is consistent with the findings in a population
of obese people, including individuals with BED, under-
going bariatric surgery (Monteleone et al., 2019b) and
those in a mixed population composed of people with

EDs and healthy peers (Levinson & Williams, 2020).
Instead, more research is needed to clarify whether a
high network connectivity at the end of treatment points
to a treatment not sufficiently targeting the relationships
between symptoms and, thus, may represent an index of
vulnerability to relapse, or points to the result of a better
understanding of the relationships between symptoms
promoted by the treatment itself. Similarly, the network
intervention approach showed a promising role of this
technique to assess mechanisms of treatment‐induced
changes (Monteleone et al., 2020a), but this evidence is
far from being conclusive. This seems a missed oppor-
tunity given that this is a research area with high priority
in EDs (Glashouwer et al., 2020; Pennesi & Wade, 2016).

Further limitations of the reviewed network analysis
studies need also to be considered. First, none of the
selected studies employed a directed network and used
longitudinal data (as those deriving from the multiple
ecological assessment): this has been done only in a
recent study including participants at risk for ED onset
(Levinson et al., 2020). In addition, the use of cross‐
sectional data in concentration networks (consisting of
undirected partial correlations) limits the possibility to
draw definitive conclusions. Second, the mixed inclusion
of psychometric items or sub‐item scores in the networks
and the use of different psychometric assessment tools
represent possible confounding factors to produce
conclusive inferences.

4.1 | Clinical implications and future
directions

This is the first systematic review selecting a large
number of studies employing network analysis in EDs.
Following on from previous reviews of network analysis
in EDs (Levinson et al., 2018; Smith et al., 2018), this
systematic review highlights the possibility to include
ineffectiveness, interoceptive ability and affective prob-
lems in addition to ED‐specific symptoms in the core
psychopathology of AN, BN and, possibly, BED. This
hypothesis should be verified in future network studies
that are advised to include general psychopathology, in
addition to eating‐specific psychopathology, and to
exclude overlapping symptoms. Remarkably, the lack of
network evaluation of other emerging EDs, such as the
avoidant restrictive food intake disorder, as well as of
network assessment of gender differences in EDs are
missed opportunities. Furthermore, in the light of the
possibility to conceptualise comorbidity in terms of
bridge symptoms (Fried et al., 2017), our systematic re-
view suggests that ineffectiveness and avoidance of social
eating may respectively promote activation of general and
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anxiety symptom clusters in people with AN. Low
interoceptive ability may also be hypothesised as a bridge
symptom between general and ED‐specific psychopa-
thology, while no studies exploring bridge nodes have
been conducted separately in people with BN or with
BED. These variables may represent novel treatment
targets for comorbidity in EDs. Nonetheless, the findings
of this work validate the use of therapeutic adjuncts to
target not only ED‐specific symptoms, as occurring in
effective ED treatments (i.e., the enhanced cognitive
behavioural therapy (Fairburn et al., 2013) or the psy-
chodynamic focal therapy for EDs (Zipfel et al., 2014)).
However, in order to confirm the validity of the network
approach in EDs, there is urgent need for studies
exploring the effectiveness of treatments targeting central
symptoms and their connections. Finally, future network
research in EDs is recommended to fill in the revealed
literature gap through the assessment of psychopathology
connections with the external field, in particular in terms
of the multilevel assessment data, considering other
constructs and measures which have proved a significant
impact on the clinical and behavioural profile of people
with ED, such as personality traits, emotion regulation
processes, quality of life, neuropsychological functioning
and biological variables (such as genetics). Further fields
worthy of investigation are the assessment of the longi-
tudinal course of psychopathology in both group and
individual networks in order to identify subgroups with
more homogeneous network structures, the exploration
of changes in network connectivity occurring after
treatment and of its clinical meaning, and the study of
mechanisms of treatment‐induced changes. All these
areas may contribute to the advance of psychopathology
and treatment knowledge in EDs.
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