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Childhood abuse is frequent among individuals with eating disorders and is associated with complex
clinical presentations. However, to date, the differences in the presentations of eating disorders between
these groups are poorly understood. The present study employed a Bayesian network approach to model
the interactive network structure of eating disorder psychopathology, and to investigate the differences
in symptom importance and network structure between individuals with eating disorders with and
without an experience of childhood abuse in a sample 327 treatment-seeking individuals. Among
individuals with a history of childhood abuse, a specific 4-symptom pathway emerged, leading from
overvaluation of shape and weight and ending in overeating (overvaluation of weight and shape — loss
of control — depressed mood — overeating). Loss of control eating and depressed mood emerged as the
more important driving symptoms. In contrast, the eating disorder symptom network among the group
with no abuse was organized around a heightened investment in weight and shape, and resulting efforts
to control or alter weight and shape through dieting and exercise behaviors. The symptoms with the
highest importance in this nonabuse group were overeating and overvaluation of weight and shape. These
results support the existence of a distinct eating disorder symptom network characteristic of individuals
with a history of childhood trauma, and add to the hypotheses of a maltreated eco-phenotype in eating
disorders. They may be also inform treatment target in abused people with eating disorders.
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General Scientific Summary

reporting childhood abuse.

Childhood abuse is frequent among individuals with eating disorders. This study used network
analysis to reveal differences in the way that eating disorder symptoms are related to each other
among individuals with a childhood abuse history as compared with those without such abuse.
Depressed mood emerged as an important driver of eating disorder psychopathology in the subgroup
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The comorbidity between trauma exposure and eating disorders
has been well-established in the extant literature, including the role
of childhood abuse and trauma in later onset eating disorders
(Brewerton, 2007; Trottier & MacDonald, 2017). In addition,
history of childhood trauma is frequently associated with complex
clinical presentations, including earlier onset of eating disorders,
and heightened severity (Caslini et al., 2016; Molendijk, Hoek,
Brewerton, & Elzinga, 2017). To date, the characteristics of eating
disorders among individuals who have experienced childhood
abuse and display these complex presentations are poorly under-
stood (Trottier & MacDonald, 2017). With the aim of contributing
to bridging this gap, the present study investigated differences in
the patterns of eating disorders symptoms between individuals
with and without a history of childhood abuse using a network
approach.

As documented by two recent meta-analyses, childhood trauma
and abuse regardless of the subtype (emotional childhood trauma,
physical childhood trauma, sexual childhood trauma) are more
frequent among individuals with eating disorders, compared with
the general population (Caslini et al., 2016; Molendijk et al.,
2017). Specifically, the overall odds of having an eating disorder
has been estimated to be 3.21 time higher (95% CI [2.29, 4.51],
p < .001) in individuals reporting a childhood trauma. In addition,
recent findings have suggested that childhood trauma is associated
with increased severity of a wide range of eating disorders fea-
tures, such as eating, shape, and weight concerns and impaired
daily functioning (Guillaume et al., 2016). A history of childhood
trauma and abuse has also been associated with poorer long-term
outcomes among eating disorder patients, with those reporting
childhood trauma exhibiting less improvement in both eating-
related psychopathology and psychiatric comorbidity 3 years after
the completion of cognitive—behavioral therapy (Castellini et al.,
2018). Thus, childhood trauma and abuse has been shown to
negatively impact the course and severity of eating disorders in
multiple ways.

To date, the ways in which eating disorders may differ among
individuals with a history of childhood abuse, in terms of the
patterns of symptoms and maintenance factors, is unclear. Differ-
ences in presentations of eating disorders among this group may be
attributable to the ways in which eating disorder symptoms might
cluster into specific types of causally linked networks. Several
hypothetical pathways, which would result in differences in the
network structure, have received preliminary support (Trottier &
MacDonald, 2017). First, related to biological theories, exposure
to severe childhood adverse events may be related to biological
vulnerabilities or altered epigenetic expressions, which may in turn
be related to psychopathology (Steiger et al., 2011; Steiger, La-

bonté, Groleau, Turecki, & Israel, 2013). Childhood abuse has
been associated with altered neuroendocrine functioning in women
with eating disorders (Monteleone, Monteleone, et al., 2018).
Moreover, childhood trauma history has been associated with
alterations in brain structures thought to be implicated in eating
disorder psychopathology among individuals with anorexia and
bulimia nervosa (Monteleone et al., 2017). Taken together, these
studies suggest that exposure to childhood abuse may be associ-
ated with long-lasting neuro-endocrine modifications, which may
account for it increasing risk for psychopathology including eating
disorders, and underlie the specificities in the presentation and
course of eating disorder pathology among individuals with a
history of childhood abuse. Based on these theories, it would be
anticipated that differences in the clinical presentations of eating
disorders in the aftermath of childhood abuse might be illustrated
by differences in the organization of networks of eating disorder
symptoms in these patients, and the ways that symptoms are
interrelated.

In addition, theories focusing on the psychological factors that
may account for the relationships between childhood abuse and
later eating disorders have been developed. In particular, escape
theory posits that childhood abuse may result deficits in emotion
regulation and/or behavioral control, which may contribute to the
development and maintenance of eating disorder psychopathology,
likely as a maladaptive means of regulating negative emotion
(Trottier & MacDonald, 2017). In particular, among individuals
with an abuse history, binge eating has been conceptualized as a
maladaptive coping strategy, aiming to regulate negative affect
through avoidance, and distraction from trauma reminders (Har-
rington, Crowther, Payne Henrickson, & Mickelson, 2006). Sim-
ilarly, in Anorexia Nervosa, heightened negative arousal in con-
junction with difficulties tolerating negative affect have been
hypothesized to lead to maladaptive emotional regulation strate-
gies including avoidance and escape (Haynos & Fruzzetti, 2011).
Consistent with these theories, emotional dysregulation has been
found to mediate the relationship between childhood trauma ex-
posure and eating pathology (Michopoulos et al., 2015; Moulton,
Newman, Power, Swanson, & Day, 2015). These pathways sug-
gest that specificities in clinical presentations might be reflected in
eating disorder symptom networks by the role played by affect-
related symptoms, and particularly negative affect.

Together, these findings support the existence of differential
psychological and biological factors impacting eating disorders
among individuals with a childhood traumatic experience. How-
ever, little is known about the unique symptom-level, phenotypic
expression of eating disorder psychopathology among this group.
This distinction is particularly important given that theoretical



models and clinical protocols for eating disorders typically rest on
this level of analysis (e.g., understanding and manipulating the
causal relationships between ED-related thoughts, feelings, and
behaviors in eating disorder focus cognitive—behavioral therapy).

In recent years, the network approach has emerged as a useful
framework within which to investigate psychopathology (Bors-
boom & Cramer, 2013; McNally, 2016). In contrast to traditional
latent trait approaches, the network model conceptualizes psycho-
pathology as a system of causal interactions, in which the symp-
toms themselves constitute the disorder, rather than arising from an
underlying entity (McNally, 2016). Networks consist of nodes that
in this context represent symptoms, as well as edges representing
the relationships between symptoms. A major contribution of the
network approach to psychopathology is the ability to identify
highly important symptoms in a given symptom network. Often
referred to as symptom centrality, symptoms that are highly influ-
ential in the network are thought to represent particularly important
constructs in a given mental health syndrome (McNally, 2016). Such
an approach has already proved useful in furthering our understanding
of psychopathology, including when applied to eating disorders
(DuBois, Rodgers, Franko, Eddy, & Thomas, 2017; Levinson et al.,
2017; Rodgers, DuBois, Frumkin, & Robinaugh, 2018). Overall, the
findings from studies examining networks of eating disorder symp-
toms have provided support for cognitive—behavioral transdiagnostic
models of eating disorders that emphasizes the core role of overvalu-
ation of weight and shape in the development of restrictive behaviors,
which, in conjunction with negative affect, result in binge-eating and
compensatory behaviors (Fairburn, Cooper, & Shafran, 2003).

Although psychopathology networks are theoretically causal
systems, not all analytic approaches allow for the examination of
directionality—a critical component in the network approach to
psychopathology. Bayesian approaches have been gaining support
as a useful tool for examining directed, hence causal, relationships
within cross-sectional networks (McNally, Heeren, & Robinaugh,
2017). In mathematics, a Bayesian network is a probabilistic graphical
model that represents a map of the relationships among a set of
variables based on their conditional dependencies. Applied to psycho-
pathology, Bayesian networks can be understood as a group of symp-
toms connected to one another through a specific pattern of predicted
relationships.

The addition of directionality into cross-sectional psychopathol-
ogy network models is particularly relevant given recent concerns
regarding the ambiguity when interpreting findings from undi-
rected networks (Fried et al., 2017). An additional strength of these
approaches is that they allow for researchers to integrate a priori,
theory, or empirically driven knowledge regarding the relation-
ships among the nodes of a network (Heckerman, Geiger, &
Chickering, 1995). As such, the ability to introduce conceptually
driven constraints into an otherwise data-driven methodology is of
critical importance to the field. In the context of psychopathology,
for example, a researcher may limit the array of potential symptom
associations to only those that are clinically plausible or estab-
lished through prior research (McNally, 2016). Bayesian network
analysis produces sparse graphs, which are more readily interpre-
table when compared with the highly connected networks of
certain correlation-based analyses. This contribution is particularly
relevant when investigating group-level differences in the overall
patterns of relationships among symptoms.

Although Bayesian models have been used in a variety of
scientific disciplines to estimate the interactive structure of a set of
variables from cross-sectional data, they have only recently been
successfully utilized in psychopathology research to elucidate the
interactive structure of mental health syndromes (Jones, Mair,
Riemann, Mugno, & McNally, 2018; McNally, Mair, Mugno, &
Riemann, 2017; McNally, 2016; McNally et al., 2017). However,
their usefulness for elucidating directed relationships within net-
works makes them particularly suited to for preliminary investi-
gations into potential causal systems of eating disorder symptoms,
and thereby investigating some of the ways in which childhood
trauma might be associated with differences in the psychopathol-
ogy of eating disorders. In addition, to date, all of the studies
examining networks of eating disorder symptoms have utilized
nondirected network analytic approaches, which limits their ca-
pacity to contribute to our understanding of the directed relation-
ships within these networks. Bayesian approaches partially over-
come some of these limitations, and therefore are of particular
interest when using cross-sectional data. Thus, in the present study
we utilized a Bayesian network approach to model the interactive
network structure of eating disorder psychopathology and to in-
vestigate the differences in symptom importance and overall net-
work structure between individuals with eating disorders with and
without a past experience of childhood abuse.

Building on the work described above, the present study aimed
to investigate the mechanisms by which childhood trauma influ-
ences eating disorder. We thus explore the characteristics of eating
disorder symptom networks among individuals with and without
childhood trauma using a Bayesian network approach. Network
differences between these two groups might help explain specific-
ities in clinical presentation and course.

Method

Participants and Recruitment

A total of 353 individuals with eating disorders were recruited
for the study. After removing individuals who exceeded our
threshold for missing data (more than 30% missing data on rele-
vant measures described below), a final sample of 327 individuals
was included in subsequent analyses. As described elsewhere
(Guillaume et al., 2016), participants were consecutively recruited
from an outpatient eating disorder unit at a university hospital in
Montpellier, France. This ancillary study to a larger project was
approved by the local ethics committee (CPP Sud Méditerranée
IV) and signed, informed consent was obtained from all partici-
pants (with parental consent obtained for participants under the age
of 18 years). This study received financial support from CHRU
Montpellier (AOI UF 8854). The CHRU Montpellier had no role
in the design, analysis, interpretation, or publication of this study.
The research was conducted according to the tenets of the Decla-
ration of Helsinki. Inclusion criteria were age of 15 years or older,
French speaking, and diagnosed with an eating disorders according
to Diagnostic and Statistical Manual of Mental Disorders, fifth
edition (DSM-5) criteria. Exclusion criteria were absence of an
ED, presenting with a physical condition that prevented from
participating in the research (n = 8), and refusal to participate in
the study (n = 17).



The diagnosis of ED was based on the DSM-5 criteria. Patients
were assessed by both a senior psychiatrist (S.T. or S.G.) and a
senior nutritionist (P.L. or E.R.) experienced in assessment and
management of eating disorders, using a nonstructured clinical
assessment as well as a structured evaluation with the Mini-
International Neuropsychiatric Interview (MINI, Version 5.0.0,
Lecrubier et al., 1997). Patients also completed the Eating Disor-
ders Examination questionnaire (Fairburn & Beglin, 2008). In
addition, information from medical records and from relatives
were collected when available. Diagnosis was then established by
consensus of the investigators using a best-estimated procedure
using information from all these assessments. The sample included
n = 167 (51%) patients with a diagnosis of anorexia nervosa, n =
90 (27.5%) with a diagnosis of bulimia nervosa, n = 36 (11%)
with a diagnosis of binge eating disorder, and n = 34 (10.5%) with
unspecified feeding or eating disorders.

Measures

Eating disorder symptoms. Our process of symptom mea-
surement was largely influenced by the proposed assumptions
regarding node selection in Bayesian networks, the impact of node
selection on causal inferences (McNally, 2016; Pearl, 2011), and
previous network models of eating disorders (e.g., Rodgers et al.,
2018). Specifically, we measured eating disorder symptoms with
select items from the Eating Disorder Examination Questionnaire
(EDE-Q; Fairburn & Beglin, 2008) When used in its entirety, the
full EDE-Q includes 28 items that are scored on a 7-point scale
from O (no days/not at all) to 6 every day/markedly) with higher
scores indicating greater symptomatology.

Depressed mood. We used a single item of the Beck Depres-
sion Inventory (BDI; Beck, Steer, & Carbin, 1988) to assess
depressed mood. The full BDI includes 21 items that are scored on
a 4-point scale from 0 to 3, with higher scores indicating greater
symptomatology.

When appropriate, we used single items from the EDE-Q and
BDI to measure eating disorder symptoms. Single item measure-
ment was used only when the item represented a distinct plausible
component of a causal system and was a noteworthy component of
prevailing cognitive—behavioral theories of eating disorders. Prior
network examinations of eating disorders have used similar item-

Table 1

level measurement (Forbush, Siew, & Vitevitch, 2016; Levinson et
al., 2017). Furthermore, we created a composite score for symp-
toms that conceptually spanned across multiple items (e.g., over-
valuation of shape and overvaluation of weight were combined to
represent the symptom overvaluation of shape and weight), and/or
for multiple items that held plausibly similar stimulus functions
(e.g., purging and excessive exercise representing energy out).
Table 1 depicts the symptoms we included in the current study,
along with the items used to measure them and, when applicable,
the internal consistency.

Our network included 10 eating disorder symptoms, namely:
fear of gaining weight, cognitive restraint, dietary restriction, body
dissatisfaction, preoccupation with eating and body image, drive
for thinness, overvaluation of shape and weight, fear of loss of
control over eating, and two symptoms that we termed energy in
and energy out. The first of these, energy in, included eating large
amounts of food. The second, energy out, included self-induced
vomiting and driven exercise. Although these are sometimes re-
ferred to as binging and purging behaviors, we chose to describe
them as behaviors that increase or expend energy to clarify that
these behaviors were not limited to loss of control situations (for
intake) or contexts in which they followed binge eating (for
expenditure), and to specify that energy out behaviors were indeed
limited to those that subjectively or objectively expend energy (as
opposed to restricting intake e.g., through fasting, which is also
often included in purging behaviors). In addition, given the em-
phasis placed on the causal relationships between symptoms from
a network perspective, our labels aimed to highlight the functions
of behaviors within the system. Finally, we aimed to base our
investigation on a network structure that could be replicated across
samples and timeframes as much as possible. Thus, within our
theoretical framework, these behaviors may influence other ED
disorder symptoms through cognitive pathways but also through
physiological pathways of energy balance. These symptoms were
chosen based on the transdiagnostic theory of eating disorders
(Fairburn et al., 2003), the separation insofar as possible between
behavioral components from inner experiences (thoughts and feel-
ings), as well as the rationale outlined above regarding symptom
function and causal relationships.

Symptom Measurement, Internal Consistency, and Scaled Contribution to BIC

Scaled contribution to BIC

Symptom Measure: Item number Cronbach’s a Full sample No abuse Abuse
Fear of gaining weight EDE-Q: 10 -.53 —.31 .03
Cognitive restraint EDE-Q: 1,3,4,5 .88 —1.11 —.61 —.13
Dietary restriction EDE-Q: 2 .08 —.70 73
Body dissatisfaction EDE-Q: 25, 26 .86 —.83 —.08 —.48
Loss of control EDE-Q: 9 —.82 —.42 09
Preoccupation with eating and body image EDE-Q: 7,8 .84 —.84 —1.00 01
Energy out EDE-Q: 16, 18 93 —.13 1.10
Energy in EDE-Q: 13 1.36 2.46 —2.56
Drive for thinness EDE-Q: 6 =70 -.39 -.19
Overvaluation of shape and weight EDE-Q: 22, 23 .93 1.40 1.25 28
Depressed mood BDI: 1 1.07 —.04 1.12

Note.

EDE-Q = Eating Disorder Examination Questionnaire; BDI = Beck Depression Inventory.



Childhood Abuse

Childhood abuse was assessed using the French version of the
Childhood Trauma Questionnaire (CTQ; Bernstein & Fink, 1998),
which retrospectively examines childhood abuse through self-
reported assessment. Specifically, in this study the sexual abuse,
physical abuse, and emotional abuse subscales were used. Scores
range from 5 to 25 for each type of abuse. In line with the
recommendations of Bernstein and Fink (1998), thresholds or
cut-off scores were set for each type of abuse at four levels of
maltreatment: none, low, moderate, and severe. Each subtype was
then further dichotomized as present (moderate/severe/low) versus
absent. Given previous evidence of different effects of abuse and
neglect (Guillaume et al., 2016), and recommendations to examine
them separately when investigating their relationships with mental
health disorders (Norman et al., 2012), the current investigation
focused on childhood abuse rather than neglect that has sometimes
also been considered to be a form of childhood trauma.

Statistical Analysis

Our network was primarily grounded in the transdiagnostic
theory of eating disorders (Fairburn et al., 2003), and informed by
previously identified network structures of eating disorder symp-
toms (DuBois et al., 2017; Rodgers et al., 2018). Furthermore,
consistent with the transdiagnostic theory of eating disorders, as
well as the escape theory of the relationship between traumatic
experiences and eating disorders (Fairburn et al., 2003; Trottier,
Wonderlich, Monson, Crosby, & Olmsted, 2016), we included
negative affect, here measured by depressed mood, as an important
component of the network. Of note, consistent with previous work
(DuBois et al., 2017; Rodgers et al., 2018), our network did not
include body mass index (BMI) for several reasons. First, network
theory posits that the constructs represented by different nodes
covary across similar time intervals. BMI variations occur on a
very different time scale, which makes it unsuitable to include as
a node from this perspective. Furthermore, although the effects of
malnutrition may play an important role in eating disorder psy-
chopathology, as may experiences of weight-related stigma, these
are arguably not a consequence of BMI per se but rather the
behaviors and cognitions related to BMI in an individual and social
context. Finally, the relationship between BMI and eating disorder
symptoms is poorly characterized, but most likely not linear,
which makes it less suitable for inclusion in directed network
analyses.

Bayesian network analysis. Our Bayesian network analysis
consisted of two steps. First, we created a set of rules regarding
implausible symptom relationships based on previous clinical
models and conceptual understanding of eating disorder psycho-
pathology (e.g., Murphy, Straebler, Cooper, & Fairburn, 2010).
These rules were used to ensure that our model only investigated
patterns of symptom relationships that made both conceptual and
clinical sense, or that have been hypothesized in previous research.
For example, results from a longitudinal network analysis study in
eating disorders found that different symptom relationships exist at
different temporal intervals (Levinson, Vanzhula, & Brosof,
2018). As such, a primary consideration in our approach to model
specification was the temporal variability of the symptoms in-
cluded in the model.

As a result, the implausible symptom relationships in our model
specify that no symptom could lead to shape and weight overvalu-
ation, resulting in overvaluation as the theoretical top of our
Bayesian network model. This approach is further corroborated by
the identification in cognitive—behavioral theory of overvaluation
of shape and weight as the core mechanism underlying the daily
variability in cognitive, affective, and behavioral symptoms com-
prising eating disorder psychopathology (Murphy et al., 2010).
More specifically, in the context of causal systems, the time scale
at which overvaluation of weight and shape is hypothesized to vary
(over longer periods of time, and lower moment-by-moment vari-
ability) is likely to be considerably different than the moment-by-
moment variability of the other eating disorder symptoms (greater
moment-by-moment variability). As a result, overvaluation of
weight and shape plays a unique role in a causal system that is
fundamentally different than the other eating disorder symptoms—
one that is more stable over time and represents the core of the
disorder (Fairburn et al., 2003). These rules were integrated into
our model such that the implausible symptom relationships would
be omitted (hereby referred to as blacklisted) from the learning
algorithm described below.

Next, we used a particular type of learning algorithm, called the
hill-climbing algorithm, to estimate the structure of the Bayesian
networks from our data (Tsamardinos, Brown, & Aliferis, 2006).
The hill-climbing algorithm is an iterative machine-learning pro-
cess that begins with an arbitrary network structure, then attempts
to find a better structure by making incremental changes to the
network, such as adding, removing, or reversing edges. If a change
produces a better model fit, as measured by a reduction in the
Bayesian Information Criterion (BIC), then another incremental
change is made to the new network structure, and so on, until no
further improvements can be found. Using the hill-climbing algo-
rithm applied to our data, our network models represent the highest
possible model fit for the interactive structure of eating disorder
psychopathology. This method was applied to the full sample, as
well as to the abuse experience and no abuse experience subgroups
(defined below), resulting in three separate Bayesian network
analyses. In these models, each node represented one of the eight
eating disorder symptoms, and each edge represented the predicted
relationship between a given pair of symptoms.

Although the hill-climbing algorithm converges on the network
structures with the best possible model fit, the degree of confi-
dence we can have when interpreting specific pathways within the
networks is unknown. As such, an important consideration in Bayes-
ian network analysis is the quantification of arc strength, representing
the degree of confidence we can have in the presence and direction of
each individual edge in the network. We measured arc strength
through a bootstrapping procedure (Friedman, Goldszmidt, & Wyner,
1999). First, we generated multiple (N = 2000) network structures by
applying nonparametric bootstrapping to our data. Next, we calcu-
lated the relative frequency of the presence and direction of each edge
across the bootstrapped samples. Edges that were frequently present
in the bootstrapped networks, and that maintained the same direction-
ality, were considered to have a high arc strength and could reason-
ably be interpreted with a high degree of confidence. Alternatively,
edges that were only present in a small subset of the bootstrapped
networks were considered to have low arc strength and should be
interpreted with caution.



Symptom importance. We calculated each symptom’s im-
portance based on the relative contribution that each symptom
contributed to the overall model fit of the Bayesian network
(Scutari, 2016). Symptoms with greater contributions to the overall
model fit were conceptualized as important to the eating disorder
networks as a whole, whereas symptoms with only minimal con-
tribution to the overall model fit were considered less important to
the networks.

Differences in network structure. We investigated differ-
ences in symptom importance and overall network structure be-
tween individuals with eating disorders with and without a past
experience of abuse. First, individuals were grouped based on
whether or not they endorsed a past experience of abuse, as
measured by the three subscales of the CTQ. Individuals with at
least a low to moderate score on any of the three CTQ subscales
were placed into the abuse -experience group. Likewise, the re-
maining individuals with a score of none to minimal on all CTQ
subscales were placed into a no abuse experience group. Next, we
applied the hill-climbing algorithm, with implausible relationships
blacklisted from the model, to both groups, resulting in one Bayes-
ian network structure for those with no past experience of abuse,
and one Bayesian network structure for those with a past experi-
ence of abuse. We used these two networks to descriptively com-
pare differences in the symptom importance profile between the
two groups, as well as to explore differences in the patterns of
relationships among eating disorder symptoms between the two
groups.

Results

Descriptive Findings

The average BMI among the final sample was 20.34 (SD =
6.30). Forty-six percent of the sample endorsed at least low to
moderate experience of abuse during childhood (n = 149),
whereas 54% of the sample did not endorse any past abuse expe-
rience during childhood (n = 178). Among individuals with a past
experience of abuse, 89% (n = 132) reported at least low to
moderate emotional abuse, 30% (n = 44) reported at least low to
moderate physical abuse, and 44% (n = 66) reported at least low
to moderate sexual abuse.

Bayesian Network Analysis

A graphical representation of the full sample Bayesian network
is depicted in Figure 1. Applying our implausible symptom rela-
tionship rules to the model resulted in two edge omissions (body
dissatisfaction leading to overvaluation of shape and weight, and
body dissatisfaction leading to fear of gaining weight) when com-
pared with an unrestrained model." In the final blacklisted model,
all symptoms were significantly connected within the network.
Overvaluation of shape and weight was the only symptom exhib-
iting only outgoing edges in the eating disorder network. Energy in
(overeating), energy out (self-induced vomiting and driven exer-
cise), dietary restriction, drive for thinness, and loss of control
were the five symptoms exhibiting only incoming edges. Further-
more, fear of gaining weight was identified as the symptom with
the greatest amount of outgoing edges in the eating disorder
network (n = 5; fear of gaining weight — preoccupation with

Overvaluation of
Shape and Weight
Fear of
Gaining Weight
Body Preoccupation with
Dissatisfaction Eating and Body Image
Depressed Loss of Cognitive
Mood Control Restraint
Dietary Drive
Restriction for Thinness

Figure 1.

Full-sample Bayesian network structure.

eating and body image, loss of control, drive for thinness, body
dissatisfaction, and cognitive restraint), suggesting a broader range
of influence when compared with symptom with fewer outgoing
edges. Conversely, drive for thinness was identified as the symp-
tom with the greatest amount of incoming edges in the eating
disorder network (n = 3; overvaluation of shape and weight,
cognitive restraint, and fear of gaining weight, — drive for thin-
ness).

Noteworthy differences in arc strength within the full sample
Bayesian network emerged. The average frequency of the presence
of edges correctly identified across bootstrapped samples was
84%, with a maximum frequency of 99% (fear of gaining weight
—> cognitive restraint) and a minimum frequency of 51% (preoc-
cupation with eating and body image — cognitive restraint). The
average frequency of the direction of edges correctly identified
across the bootstrapped samples was 63%, with a maximum fre-
quency of 88% (preoccupation with eating and body image —
depressed mood) and a minimum frequency of 35% (preoccupa-
tion with eating and body image — cognitive restraint).

The profile of symptom importance is presented in Table 1.
Symptoms significantly differed in their relative contribution to
the overall Bayesian network model. Overvaluation of shape and
weight was identified as the most important symptom in the full
sample Bayesian network (BIC contribution = —466.39; scaled
importance = 1.40), followed by energy in (BIC contribu-
tion = —464.91; scaled importance = 1.36) and depressed mood
(BIC contribution = —455.21; scaled importance = 1.07). Con-

! Results from the same network analysis with no blacklisting resulted in
the following structural differences when compared with the final network
structure with blacklisting presented in the manuscript: one outward arrow
going from body dissatisfaction to overvaluation, an outward arrow going
from fear of gaining weight to overvaluation, and an outward arrow from
drive for thinness to overvaluation.



versely, cognitive restraint (BIC contribution = —381.03; scaled
importance = —1.11) was identified as the least important symp-
tom in the full sample network, followed by preoccupation with
eating and body image (BIC contribution = —390.30; scaled
importance = —0.84) and body dissatisfaction (BIC contribu-
tion = —390.50; scaled importance = —0.83).

Comparison of Abuse and No-Abuse Groups

Compared with those with no abuse history, individuals with a
history of abuse had significantly higher global EDE scores,
1(323) = 4.33, p < .01, and a higher average BMI, #(314) = 2.23,
p < .05. Specifically, individuals with no history of abuse dis-
played an average eating disorder severity in the 85th percentile
(global EDE score = 2.99), whereas those with a history of abuse
reported an average eating disorder severity in the 90th percentile
(global EDE score = 3.69; see Mond, Hay, Rodgers, & Owen,
2006 for norms among young adult women).

Differences in network structure. Differences in the network
structure between individuals with eating disorders with and with-
out a past experience of abuse are visualized in Figure 2, with the
structure only within individuals with and without a past experi-
ence of abuse represented in Figures 3 and 4, respectively. A total
of nine edges were identified as being shared across both groups.
However, there were a number of significant differences in the
network structure across the two groups. A total of seven edges in
the abuse experience eating disorder network were not identified
in the no abuse experience eating disorder network, representing
symptom relationships that are unique to individuals with eating
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% Mood
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Figure 2. Comparison of symptom relationships. Solid (red in online
version only) edges indicate relationships that are unique to individuals
with a past experience of abuse. Dotted (blue in online version only) edges
indicate relationships that are unique to individuals with no past experience
of abuse. Edges shared by both groups are omitted from this network. See
the online article for the color version of this figure.
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Figure 3. Bayesian network structure for individuals with a past experi-
ence of abuse.

Body
Dissatisfaction
Loss of
Control

Depressed
Mood

disorders with a past experience of abuse. These include fear of
gaining weight leading to preoccupation with eating and body
image, dietary restriction leading to preoccupation with eating and
body image, and cognitive restraint leading to drive for thinness,
among others. Furthermore, a specific four-symptom pathway unique
to the abuse experience eating disorder network emerged, leading
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Body
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Figure 4. Bayesian network structure for individuals with no past expe-
rience of abuse.



from overvaluation of shape and weight and ending in energy in
(overvaluation of weight and shape — loss of control — depressed
mood — energy in).

A total of six edges were identified as symptom relationships
that were unique only to those who have no past experience of
abuse. For example, preoccupation with eating and body image
had a much larger predictive role in the no-abuse -experience
eating disorder network (three outward arrows) when compared
with the abuse-experience eating disorder network (one outward
arrow). Other noteworthy pathways unique to the no-abuse
-experience eating disorder network include fear of gaining weight
leading to body dissatisfaction, preoccupation with eating and
body image leading to drive for thinness, and cognitive restraint
leading to a preoccupation with eating and body image, among
others. Furthermore, a specific four-symptom pathway unique to
the no-abuse -experience eating disorder network emerged, leading
from cognitive restraint and ending in energy out (cognitive re-
straint — preoccupation with eating and body image — energy in
—> energy out).

Differences in symptom importance. Differences in symptom
importance between individuals with eating disorders with and with-
out a past experience of abuse are visualized in Table 1. The three
symptoms with the highest importance in the no- abuse -experience
eating disorder network were the same as those identified in the full
sample eating disorder network, albeit in a different order. Energy-in
was identified as the most important symptom (BIC contribu-
tion = —297.53; scaled importance = 2.46), followed by overvalu-
ation (BIC contribution = —263.70) and depressed mood (BIC con-
tribution = —227.30; scaled importance = —0.04). The symptom
with the least importance in the no- abuse -experience eating disorder
network was preoccupation with eating and body image (BIC

contribution = —200.54; scaled importance = —1.00), followed
by dietary restriction (BIC contribution = —209.03; scaled
importance = —0.70) and cognitive restraint (BIC contribu-

tion = —211.45; scaled importance = —0.61).

Two of the three most important symptoms in the abuse experience
eating disorder network were unique to this group. Specifically,
depressed mood was identified as the most important symptom (BIC
contribution = —225.04; scaled importance = 1.12), followed by
energy-out (BIC contribution = —224.25; scaled importance = 1.10)
and dietary restriction (BIC contribution = —210.36; scaled impor-
tance = 0.73). Conversely, the symptom with the least importance in
the abuse experience eating disorder network was energy-in (BIC
contribution = —87.93; scaled importance = —2.56), followed by
body dissatisfaction (BIC contribution = —165.09; scaled

importance = —0.48) and cognitive restraint (BIC contribu-
tion = —178.11; scaled importance = —0.13).
Discussion

The aim of this study was to apply a Bayesian network
approach to model the interactive network structure of eating
disorder psychopathology, and to investigate the differences in
symptom importance and overall network structure between
individuals with eating disorders with and without an experi-
ence of childhood abuse. Overall our findings in the full sample
were consistent with those from previous investigations using
network approaches regarding important roles of overvaluation
of shape and weight, and fear of gaining weight (DuBois et al.,

2017; Rodgers et al., 2018). In addition, our findings pointed to
differences in the directed network structures of eating disorder
symptoms between individuals with and without a history of
childhood abuse. Specifically, among individuals with a history
of childhood abuse, loss of control eating and depressed mood
emerged as more important driving symptoms of the disorder,
with preoccupation with eating and body image emerging as a
consequence.

In our entire sample, overvaluation of shape and weight and fear
of gaining weight appeared at the top of the network, as the only
nodes exhibiting only outgoing edges, consistent with the transdi-
agnostic theory of eating disorders (Fairburn et al., 2003). Simi-
larly consistent with that theory, fear of gaining weight was asso-
ciated with preoccupation with eating and body shape, which were
in turn related to cognitive restraint and eating disorder behaviors
including loss of control eating, dietary restriction, and compen-
satory behaviors. Furthermore, overvaluation of shape and weight
emerged as the most important symptom in the full sample Bayes-
ian network, confirming its key role in driving eating disorder
psychopathology, and consistent with findings from previous net-
work studies (DuBois et al., 2017). Interestingly, in the full sample
network, fear of gaining weight was identified as the symptom
with the greatest amount of outgoing edges, whereas drive for
thinness presented incoming edges only, which provides further
support for the usefulness of distinguishing between these two
constructs and examining their differential contributions to eating
disorder psychopathology (Rodgers et al., 2018). In addition, pre-
occupation with eating and body image displayed the second
largest number of outgoing edges, and was associated with de-
pressed mood and cognitive restraint as well as loss of control
eating and compensatory behaviors. Recent work examining the
respective roles of overvaluation, body dissatisfaction, and preoc-
cupation with weight and shape has supported the distinction of
these three dimensions as independent constructs, and suggested
that, among females, preoccupation with weight and shape might
be most strongly associated with eating disorder behaviors (Mitchison
et al., 2017). Our findings align with these previous results, and
provide additional support for role of preoccupation in subsequent
eating disorder behaviors.

Our findings identified two distinct eating disorder symptoms
networks among individuals with and without a history of child-
hood abuse, differing both in the patterns of relationships among
symptoms, as well as the relative importance of specific symp-
toms, and thus supporting the idea that the processes and mecha-
nisms underlying the development and maintenance of eating
disorder pathology among individuals with a abuse history might
be specific to this group. Among individuals with a history of
childhood abuse, and consistent with escape theory (Trottier et al.,
2016), depressed mood emerged as an important driver of eating
disorder psychopathology. Indeed, a unique and specific four-
symptom pathway emerged, leading from overvaluation of shape
and weight, to loss of control, depressed mood, and overeating.
Furthermore, and in contrast to the network among individuals
without a history of childhood abuse, depressed mood was iden-
tified as the most important symptom in the network. In addition,
preoccupation with eating and body image displayed only one
outgoing edge in the network specific to this group, and was of low
importance to the network, as was overvaluation of weight and
shape.



Among the participants with no history of childhood abuse, the
directed network identified presented a number of different char-
acteristics. First, it was characterized by six unique edges, repre-
senting pathways present only among this group. Most notably, as
mentioned above, preoccupation with eating and body image
played much larger predictive role in the no abuse experience
eating disorder network. In addition. the symptoms with the high-
est importance in this group were overeating (energy in), and
overvaluation of weight and shape. Thus, the relationships and
structure of the eating disorder symptom network among the group
with no history of childhood abuse was more clearly consistent
with transdiagnostic theories (Fairburn et al., 2003), organized
around a heightened investment in weight and shape, and resulting
efforts to control or alter weight and shape through dieting and
exercise behaviors.

These findings have a number of clinical implications. In other
types of psychopathology such as depression, anxiety, and sub-
stance use disorder, the phenotypic expression of psychopathology
may be strongly influenced by abuse and trauma, and the concept
of a maltreated eco-phenotype that might represent distinct sub-
types of a given disorder has been introduced (Teicher & Samson,
2013). Recent finding have suggested that this might be a useful
construct to consider in the context of eating disorders (Mon-
teleone, Patriciello, et al., 2018). The current findings are consis-
tent with the existence of such different phenotypic expressions,
and suggest the usefulness of using this framework to guide our
understanding of psychopathology among individuals with a his-
tory of trauma.

In addition, as described above, the complex psychopathological
features, poorer outcomes, and high drop-out rates that character-
ize individual with eating disorders with a history of childhood
abuse pose particular clinical challenges (Castellini et al., 2018).
The distinct eating disorder symptom network characteristic of
eating pathology in the presence of a history of children abuse
suggested by our results may help to inform treatment strategies.
Given the central role played by depressed mood in the symptom
network among individuals with childhood abuse, and, in contrast
the lesser importance of body image related dimensions including
overvaluation of weight and shape, it may be that treatments
approaches centered upon emotional regulation and might be most
helpful among this group (Sloan et al., 2017). Third-wave behavior
therapies may be particularly well suited for example, as they
target response-focused emotion regulation strategies (i.e., strate-
gies that modulate the expression or experience of emotion regu-
lation after its initiation; Hayes, Villatte, Levin, & Hildebrandt,
2011). Currently, third-wave therapies do not meet established
criteria for an empirically supported treatment for eating disorder
(Linardon, Fairburn, Fitzsimmons-Craft, Wilfley, & Brennan,
2017). Nevertheless, we speculate that they might be useful, spe-
cifically in the subgroup of patients with high levels of emotional
disturbance such as those with childhood abuse.

Our study has several limitations. Related to the measurement of
childhood trauma, our study is limited by the use of retrospective
self-report measures of childhood abuse. It cannot be ruled out that
some participants may have difficulty recalling events of their
early years or may have chosen not to disclose their maltreatment.
In addition, several important factors can modify the effects of
abuse, including the frequency and co-occurrence of multiple types
of abuse and other trauma, or the developmental period during

which it when it occurs (Tyrka, Burgers, Philip, Price, & Carpen-
ter, 2013), and our measure was not able to distinguish childhood
trauma along these characteristics. It should nevertheless be noted
that despite its limitations, the CTQ is a widely used and statisti-
cally robust measure. Likewise, we considered a collapsed mea-
sure of childhood abuse that, while distinguishing it from child-
hood trauma, did not allow us to examine the additive impact of
multiple trauma, nor its dose-dependent relationship with eating
pathology. In addition, some of our network nodes utilized single
items while others used composites. An additional limitation may
be related to our sample that was diagnostically heterogeneous,
although this does allow for the examination of transdiagnostic
models.

Furthermore, it is important to consider a number of limitations
related to our Bayesian analytic approach. One, it is not known
whether the differences that were found in symptom importance
were statistically significant, and the differences described are
therefore descriptive. Alternative network analytic techniques, such as
the network comparison test of structural invariance and centrality
difference test for weighted undirected concentration networks,
may be better suited for direct statistical comparison of two (or
more) network structures. Two, although our network analytic
approach produced directed edges, it is not known the extent to
which directionality in each edge corresponds to true causal rela-
tions. For example, Bayesian models assume that all key variables
are included in the model. It may be that certain variables, if added
to our network model, may have produced different results. Three,
it is reasonable to conclude that certain eating disorder symptoms
do, in fact, influence shape and weight overvaluation, despite the
fact that they were blacklisted in our model. However, in relation
to causal systems, the longer time scale over which overvaluation
of weight and shape is hypothesized to vary is likely to be con-
siderably different to the moment-by-moment variability of the
other eating disorder symptoms. As a result, overvaluation of
weight and shape plays a unique role in a causal system that is
fundamentally different than the other eating disorder symptoms -
one that is more stable and represents the core of the disorder
(Fairburn et al., 2003). Despite this difference, future research is
indeed needed to better understand the impact of differential
temporal variability on psychopathology networks. A last limita-
tion of this approach is its failure to represent bidirectional rela-
tionships and feedback loops within networks. Future work should
consider using for example intensive longitudinal data and other
analytic approaches that are better suited to capture these.

Despite these limitations, our study presents novel and impor-
tant findings supporting the existence of a distinct eating disorder
symptom network, characteristic of individuals with a history of
childhood abuse. Further research from this perspective will be
helpful in refining our understanding of the specificities of eating
disorder psychopathology in individuals with a history of child-
hood trauma. Useful avenues of investigation might include ex-
amining other network characteristics, such as the connectivity of
symptom network among individuals with a history of childhood
trauma, which provides an index of the strengths of the relation-
ships among different symptoms. It has been suggested that child-
hood trauma might increase the risk of eating disorders, through
general heightened susceptibility to psychopathology, in addition
to the existence of heightened risk specific to the effects of trauma
(Holzer, Uppala, Wonderlich, Crosby, & Simonich, 2008). Fur-



thermore, examining the functional pathways shared between
symptoms of trauma-related disorders, such as PTSD, and symp-
toms of eating disorders may elucidate the mechanisms underlying
comorbidity between these two areas of psychopathology. Further
research grounded in the network approach may continue to help
to clarify these questions.
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