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Abstract

Background. Mental disorders may emerge as the result of interactions between observable
symptoms. Such interactions can be analyzed using network analysis. Several recent studies
have used network analysis to examine eating disorders, indicating a core role of overvaluation
of weight and shape. However, no studies to date have applied network models to binge-eating
disorder (BED), the most prevalent eating disorder.
Methods.We constructed a cross-sectional graphical LASSO network in a sample of 788 indi-
viduals with BED. Symptoms were assessed using the Eating Disorders Examination
Interview. We identified core symptoms of BED using expected influence centrality.
Results. Overvaluation of shape emerged as the symptom with the highest centrality.
Dissatisfaction with weight and overvaluation of weight also emerged as highly central symp-
toms. On the other hand, behavioral symptoms such as binge eating, eating in secret, and diet-
ary restraint/restriction were less central. The network was stable, allowing for reliable
interpretations (centrality stability coefficient = 0.74).
Conclusions. Overvaluation of shape and weight emerged as core symptoms of BED. This
trend is consistent with past network analyses of eating disorders more broadly, as well as lit-
erature that suggests a primary role of shape and weight concerns in BED. Although DSM-5
diagnostic criteria for BED does not currently include a cognitive criterion related to body
image or shape/weight overvaluation, our results provide support for including shape/weight
overvaluation as a diagnostic specifier.

Traditional approaches to psychopathology have conceptualized symptoms of mental disor-
ders as emerging from a latent common cause (Borsboom et al., 2003). This latent model the-
ory posits that underlying latent variables representing psychological disorders produce
symptoms that are experienced by individuals with these disorders. More recent theoretical
approaches have described how these symptoms might influence one another in a dynamic
and casual network, rather than existing independently. The network model has emerged as
a novel way to conceptualize psychological disorders, replacing the notion that psychological
disorders themselves are the underlying cause of symptoms, or that symptoms are implicitly
reflective of certain psychological disorders (Borsboom and Cramer, 2013). Instead, the net-
work approach views symptoms of mental disorders as distinct entities that can influence,
maintain, and/or interact with other symptoms (McNally, 2016).

Network analysis allows for a depiction and quantification of the symptoms are most cen-
tral to a disorder, as well as the strength by which symptoms react with and influence one
another (Borsboom and Cramer, 2013; McNally, 2016; Fried et al., 2017). In a network
model, symptoms are represented as individual nodes, connected by edges that depict the
strength (e.g. strong correlation) and direction (e.g. positive correlation) between pairs of
symptoms. Thicker edges indicate stronger associations between symptoms, with positive asso-
ciations typically depicted in green and negative associations typically depicted in red. Central
symptoms are nodes that demonstrate many strong connections to other nodes, a greater num-
ber of connections with other nodes, and nodes that serve as ‘hubs’ between other, discon-
nected, nodes (Freeman, 1978). Since its introduction to the study of psychopathology,
clinical researchers have applied network analysis to examine psychopathology networks
and to identify the core symptoms of many psychological disorders including depression
(Fried et al., 2016; McNally et al., 2017), anxiety (Beard et al., 2016; Heeren and McNally,
2016), obsessive-compulsive disorder (Jones et al., 2018), and posttraumatic stress disorder
(McNally et al., 2015; Armour et al., 2017).

More recent research has also begun to apply network analysis to eating disorders. Levinson
et al. (2017) examined a psychopathology network of bulimia nervosa (BN) and found that
fear of weight gain was central to the BN network. Other studies have examined eating-
disorder psychopathology networks among mixed diagnostic groups comprised primarily of
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individuals with anorexia nervosa (AN), BN, and other specified
feeding and eating disorders (OSFED; Forbush et al., 2016;
Dubois et al., 2017; Forrest et al., 2018). Findings from these stud-
ies largely indicate that symptoms involving weight and shape
concerns, including overvaluation of shape and weight and
body checking, are central in networks of eating-disorder psycho-
pathology. Thus, the emerging literature suggests that cognitive
symptoms related to overvaluation and/or concerns with weight
and shape appear to be core symptoms of eating disorders, at
least among individuals with AN, BN, and OSFED. However, it
is important to note that the majority of previous studies have
relied on self-report questionnaires to assess eating disorder
symptoms, which may not capture some of the symptoms as
well as semi-structured investigator-based clinical interviews, par-
ticularly for some complex behavioral features (such as binge eat-
ing) and cognitive-evaluative features (such as overvaluation of
shape/weight) as indicated by previous comparative research
(Wilfley et al., 1997; Grilo et al., 2001a, 2001b).

To date, no studies have applied network models to examine
the core psychopathology of binge-eating disorder (BED). BED,
which is characterized by recurrent episodes of binge eating (i.e.
eating objectively large amounts of food while experiencing a sub-
jective loss of control over eating), marked distress about binge eat-
ing, and the absence of inappropriate compensatory behaviors (e.g.
self-induced vomiting), is the most prevalent eating disorder and is
associated with psychosocial impairment (Udo & Grilo, 2018).

Unlike other eating disorder diagnoses (e.g. AN, BN), the diag-
nostic criteria for BED does not include a cognitive criterion
related to body image or shape/weight overvaluation (Grilo,
2013). Research has indicated that overvaluation of shape and
weight is associated with significantly greater eating-disorder psy-
chopathology and depression among individuals with BED (Grilo
et al., 2008, 2010; Goldschmidt et al., 2010) and appears to be a
better indicator of severity than the current DSM-5 severity speci-
fier of binge-eating frequency (Grilo et al., 2015). Therefore, cog-
nitive eating disorder symptoms involving overvaluation of shape
and weight, or related constructs of body image, may also be
critically important and core symptoms in BED. If cognitive
symptoms relating to weight and shape are central to a BED net-
work, this would refine approaches to assessment and diagnosis
(Grilo, 2013) and inform efforts ability to design well-specified
treatments to target key symptoms of this disorder.

Therefore, the current study aimed to apply network analysis
to examine the psychopathology of BED among a large sample
of treatment-seeking patients with BED, as well as to identify
the most central and influential symptoms of BED. Given previ-
ous research demonstrating the importance of overvaluation of
shape and weight in BED (Grilo et al., 2008, 2010; Goldschmidt
et al., 2010) and emerging findings on the centrality of weight/
shape overvaluation in other eating disorder networks (e.g.
Forbush et al., 2016; Dubois et al., 2017; Forrest et al., 2018),
we hypothesized that symptoms reflecting overvaluation of
shape and weight, as well as dissatisfaction with shape and weight,
would be central to the network.

Methods

Participants

Participants in the current study were 788 individuals (74.2%
female, 73.8% White) between 18 and 65-years-old (M = 45.62,
S.D. = 9.86) who responded to advertisements for psychosocial

and medication treatment studies for BED at an urban,
medical-school-based program. Participants met full DSM-IV
criteria for BED, and had a mean body mass index (BMI) of
38.07 (S.D. = 6.80). Participants were excluded if they were receiv-
ing treatment for eating/weight concerns, had uncontrolled med-
ical conditions that influenced eating/weight (e.g. diabetes), had a
severe mental illness that could interfere with clinical assessment
(e.g. psychosis), or were pregnant. This study received approval
from the university’s ethical review board; all enrolled participants
provided written informed consent.

Measures

Trained doctoral-level research clinicians, monitored to maintain
reliability, evaluated participants. Research clinicians adminis-
tered the Structured Clinical Interview for DSM-IV Axis I
Disorders (First et al., 1997) to determine DSM-IV-based BED
diagnosis and age of onset, and the semi-structured Eating
Disorder Examination (EDE) (Fairburn & Cooper, 1993) to
confirm the BED diagnosis and to characterize eating-disorder
psychopathology used in this study.

Eating disorder examination
The EDE (Fairburn & Cooper, 1993) is an investigator-based inter-
view that evaluates eating-disorder psychopathology in the past 28
days, and over longer intervals corresponding to diagnostic criteria.
The EDE assesses three types of eating episodes: objective binge
episodes (OBEs, eating an unusually large amount of food while
perceiving a loss of control over eating; this is the DSM-IV defin-
ition of binge eating episodes), subjective binge episodes (SBEs, eat-
ing a small or typical amount of food while perceiving a loss of
control) and objective overeating episodes (OOEs, eating an
unusually large amount of food without perceiving a loss of con-
trol). Four subscales reflect eating-disorder features (Restraint,
Eating Concern, Shape Concern, and Weight Concern), as well
as a Global severity score. The EDE has demonstrated good inter-
rater and test-retest reliability in BED (Grilo et al., 2004). In the
present study, inter-rater reliability was examined in 113 cases;
intraclass correlation coefficient for OBEs was 0.94, Global severity
score was 0.92, Restraint was 0.92, Eating Concern was 0.78, Weight
Concern was 0.91, and Shape Concern was 0.94.

Data analytic plan

Graphical lasso
We computed and visualized regularized partial correlation net-
works using a graphical LASSO (Least Absolute Shrinkage and
Selection Operator) using the R packages glasso (Friedman
et al., 2018) and qgraph (Epskamp et al., 2018). The graphical
LASSO first computes a partial correlation network among all
variables, which provides associations between pairs of symptoms
while controlling for the influence of other variables. Next, the
LASSO applies an L1 penalty to shrink trivially small correlations
to zero, thereby removing potentially spurious correlations and
returning a sparse network of only the largest, potentially causal,
edges. Visual inspection of this network graph provides a prelim-
inary identification of central nodes (i.e. symptoms), as well as the
strength of associations between pairs of nodes.

We computed two graphical LASSO networks. The first net-
work included symptoms assessed in the EDE that were plausible
causal candidates in the etiology and maintenance of BED,
including behavioral symptoms (e.g. binge eating) and cognitive
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symptoms (e.g. overvaluation of shape/weight). We did not
include compensatory behaviors (e.g. self-induced vomiting)
because these symptoms showed little variation at the individual
level and are not part of the presentation of BED. In addition
to running a network analysis with all symptoms included, we
computed and visualized a second graphical LASSO network
that did not include cognitive symptoms related to shape/weight
overvaluation and dissatisfaction.

Expected influence
We identified the most central symptoms in the network by cal-
culating the one-step expected influence (Robinaugh et al., 2015)
using the networktools package (Jones, 2017). Compared with
other measures of centrality, expected influence provides a more
accurate measure of node centrality that takes negative edges
(i.e. negative correlations between symptoms) into account. We
conducted a 1000-sample bootstrap to estimate the stability of
the expected influence values.

Results

Figure 1 displays the regularized partial correlation network for
BED psychopathology; Table 1 provides a key for all node
names included in the network analyses. In the network model,
green edges represent positive regularized correlations between
nodes and red edges represent negative regularized correlations
between nodes. Edge thickness signifies correlation magnitude,
such that thicker edges represent stronger regularized correlations.

Overvaluation of shape and overvaluation of weight were
strongly associated with each other, as were shape dissatisfaction
and weight dissatisfaction, as well as preoccupation with shape/
weight and preoccupation with food, eating, and calories (see
Fig. 1). Binge eating was moderately associated with loss-
of-control eating and weakly associated with eating in secret.
BMI was negatively associated with the desire to have a flat stom-
ach and avoidance of food.

Figure 2 shows the one-step expected influence values for all
eating disorder symptoms. Overvaluation of shape (i.e. shape
importance in self-evaluation) emerged as the symptom with
the highest influence, as computed via associations with all adja-
cent nodes. Dissatisfaction with weight and overvaluation of
weight also emerged as highly central symptoms in the network.
On the other hand, behavioral symptoms such as binge eating,
eating in secret, and dietary restraint/restriction were less central
in the network. BMI was the least central node in the network,
with minimal influence on adjacent nodes. Stability of the net-
work was good, with a centrality stability coefficient of 0.74.

In addition, we computed a second regularized partial correl-
ation network with all cognitive symptoms related to shape/weight
overvaluation and dissatisfaction excluded (see online
Supplementary Fig. S1). Results from this network indicated that
food avoidance was strongly associated with restraint over eating
and following dietary rules, and that concern/avoidance of social
eating was strongly associated with eating in secret and guilt
about eating. Online Supplementary Fig. S2 shows the one-step
expected influence values for all nodes. Food avoidance emerged
as the symptom with the highest influence. Preoccupation with
food, eating, and calories, as well as concern/avoidance of social eat-
ing also emerged as highly central symptoms in the network. On the
other hand, behavioral symptoms such as overeating, as well as BMI
and reaction to prescribed weighing, were the least central nodes in
the network. Online Supplementary Fig. S3 shows a comparison of
expected influence between the first network with all symptoms
included, and the second network without cognitive symptoms
related to shape/weight overvaluation and dissatisfaction.

Discussion

This study is the first to apply network analysis to examine the
core psychopathology of BED. Consistent with our hypothesis,
symptoms concerning shape and weight emerged as central to
the BED network in a large, treatment-seeking sample. More

Fig. 1. Regularized partial correlation network for binge-eating disorder (BED). Each node represents a symptom; each edge represents the regularized partial
correlation between symptoms. Green and red edges represent positive and regularized correlations, respectively; thicker edges represent stronger correlations.
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specifically, overvaluation of shape emerged as the most central
node in the network. On the other hand, behavioral features of
BED (e.g. binge eating) were peripheral to the network, indicating
that they had less coherence to the rest of the network as com-
pared with other nodes. BMI was similarly peripheral to the net-
work and had the lowest expected influence of all nodes,
suggesting that BMI is not a central feature to the psychopath-
ology of BED. Additionally, such results indicate that overvalu-
ation of shape and weight, and other associated symptoms in
BED, do not reflect concerns or distress about excess weight
(Grilo, 2013). Findings from the current study provide further
support for the importance of overvaluation of shape and weight
in BED (Grilo, 2013) suggesting that these symptoms appear to
constitute core symptoms for the disorder. Indeed, in a network
model with cognitive symptoms related to weight/shape overvalu-
ation and dissatisfaction excluded, no symptoms showed as a
strong expected influence as overvaluation symptoms in the
original network. More broadly, these results replicate previous
findings in network analyses of AN (Forrest et al., et al., 2018),
BN (Levinson et al., 2017), and mixed diagnostic groups
(Dubois et al., 2017), which also identified shape and weight

Table 1. Network node names for EDE symptoms

Node name EDE symptom

Avoideat Avoidance of eating

Binge OBE (past month)

Bodydisc Discomfort seeing body

Bmi Body mass index

Dietrule Dietary rules

Dietrestrict Dietary restriction outside of bulimic episodes

Emptystom Empty stomach

Expodisc Avoidance of exposure

Fearwtgain Fear of weight gain

Feelfat Feelings of fatness

Flatstom Flat stomach

Foodavoid Food avoidance

Guilt Guilt about eating

Losewt Desire to lose weight

Losscontrol Fear of losing control over eating

Overeat Objective overeating

preoc_sw Preoccupation with shape or weight

Restraint Restraint over eating

Secreteat Eating in secret

Shapedis Dissatisfaction with shape

Shapeimport Importance of shape

Socialeat Social eating

Weigh Reaction to prescribed weighing

Wtdis Dissatisfaction with weight

Wtimport Importance of weight

preoc_fd Preoccupation with food, eating, or calories

EDE, eating disorders examination.

Fig. 2. One-step expected influence values for each node in the binge-eating disorder
(BED) network. Nodes with higher expected influence values are more central to the
BED network. Nodes are listed in order of descending expected influence.
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symptoms and overvaluation of shape and weight as core to
eating-disorder psychopathology, and extends these findings to
a clinical sample of treatment-seeking patients with BED assessed
using reliably-administered investigator-based clinical interview.
Collectively, this emerging literature provides empirical support
for the transdiagnostic theory of eating disorders, which posits
that overvaluation of shape/weight constitutes the core psycho-
pathology of eating disorders (Fairburn et al., 2003).

In addition to identifying central features of disorders, findings
from network analyses also have important clinical implications.
Identification of core symptoms can inform more targeted clinical
interventions. For example, certain empirically-supported psycho-
logical treatments for BED (Grilo, 2017), such as cognitive-
behavioral therapy (CBT), and lifestyle behavioral weight loss
therapy, assist patients in developing behavioral strategies to nor-
malize and regulate eating patterns. CBT additionally assists
patients in identifying and modifying relevant cognitive processes
including weight/shape concerns. The added ‘cognitive’ focus of
CBT might perhaps account for its longer-term advantages
of over behavioral approaches for BED (Wilson et al., 2010;
Grilo et al., 2011) and BN (Fairburn et al., 1993a, 1993b).
Consistent with that speculation are findings that overvaluation
of shape/weight predicts poorer treatment outcomes for BED
(Grilo et al., 2013a, 2013b) and for BN (Fairburn et al. 1993a,
1993b), and, more importantly, has been found to moderate treat-
ment outcomes such as those patients with BED with overvalu-
ation derive substantially greater benefit from CBT than from
pharmacotherapy (Grilo et al., 2013a, 2013b).

However, even with these ‘leading’ treatments, a substantial
portion of patients do not achieve remission from binge-eating
0 (Grilo, 2017; Wilson et al., 2007). Our findings here (i.e. BMI
and many behavioral symptoms had limited connections to the
overall psychopathology network) might suggest that directly
modifying behavioral patterns of binge eating or focusing on
weight loss may not suffice over time because those changes
might not extend to improvements in other aspects of BED symp-
toms. Indeed, evolving refinements of CBT (i.e. CBT-E; Fairburn,
2008) have included additional emphasis on overvaluation along
with specific ‘modules’ to more directly target such cognitive fea-
tures. The CBT-E model emphasizes overvaluation as a maintain-
ing mechanism for eating disorders and outlines different
methods to target it with patients. Our empirical findings here
reinforce further those clinical views and the need to more closely
target the ways in which overvaluation influences other behavioral
and cognitive features of BED beyond just identifying and restruc-
turing those cognitions. Our findings suggest that decreasing the
strength of the associations between overvaluation with the other
symptoms (i.e. not just reducing the severity of overvaluation)
could further improve treatment outcomes.

Findings for the current study should be considered in the
context of the limitations. Although our large, relatively diverse
clinical sample assessed rigorously using interviews administered
by trained and monitored doctoral research-clinicians, is a
strength of the study, the generalizability of our results to
non-treatment-seeking or community samples of individuals
with BED is unknown. Future studies should include individuals
with BED from non-treatment seeking and community samples
to examine whether core symptoms differ across these popula-
tions. In addition, concerns have been raised regarding the gener-
alizability of networks across samples. To address this concern, we
used a graphical LASSO to minimize trivially small correlations.
We also conducted a 1000-sample bootstrap to assess stability

and accuracy of estimations included in the network, finding
that expected influence was a stable index of centrality
(Epskamp et al., 2018). Further research is needed to identify
whether the group characteristics identified in this study extend
to the individual level, and to elucidate the direction and causality
of relationships between symptoms. Finally, the cross-sectional
nature of this study limits our ability to distinguish temporal rela-
tionships between symptoms. Future research should use longitu-
dinal designs to characterize naturalistic and treatment-based
changes in BED networks over time. Such studies could allow
us to identify prognostic variables for differential response to
treatment in patients, as well as provide additional information
to bolster the causal symptom relationships proposed by the net-
work approach.

In summary, this study was the first to apply network analysis
to examine the psychopathology of BED. Our findings suggest
that overvaluation of shape and weight was central to the BED
network, while behavioral features of BED and BMI were more
peripheral. This provides additional evidence for the centrality
of cognitive features, particularly overvaluation of shape and
weight, in BED that warrants greater consideration in the diagno-
sis and treatment of BED, especially in light of its negative prog-
nostic significance (Grilo et al., 2013a, 2013b).

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291718002702.
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