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Abstract
Objective: Psychometric network analysis has led to new possibilities to
assess the structure and dynamics of psychiatric disorders. The current study
focuses on mental health networks in patients with anorexia nervosa, bulimia
nervosa, binge eating disorder and other specified eating disorders (EDs).
Method: Network analyses were applied with five mental health domains
(emotional, psychological and social well‐being, and general and specific
psychopathology) among 905 ED patients. Also, networks of 36 underlying
symptoms related to the domains were estimated. The network stability,
structure and (bridge) centrality of the nodes were assessed for the total group
and each ED type. Network differences between the ED types were also
examined.
Results: ED psychopathology was only weakly connected with the well‐being
domains. Psychological well‐being was the most central node in the domain
network. The most central nodes in the symptom network were feeling
depressed, feeling worthless, purpose in life and self‐acceptance. Bridge symp-
toms between well‐being and psychopathology were self‐acceptance, environ-
mental mastery, interested in life and feeling depressed. There were no network
differences between the ED types in both the domain and symptom networks.
Conclusions: This study shows novel associations between well‐being and
psychopathology in ED patients. Central domains and their underlying
symptoms may be especially important to consider in treatment for promoting
mental health in ED patients.

Abbreviations: AN, anorexia nervosa; BED, binge eating disorder; BN, bulimia nervosa; BMI, body mass index; BS, bridge strength centrality; CI,
confidence interval; CS, correlation‐stability; EDE‐Q, Eating Disorders Examination Questionnaire; ED, eating disorder; EDP, eating disorder
psychopathology; EWB, emotional well‐being; GPP, general psychopathology; GLASSO, Graphical LASSO; LASSO, least absolute shrinkage and
selection operator; MHC‐SF, Mental Health Continuum – Short Form; NCT, network comparison test; OQ‐45, Outcome Questionnaire; OSFED,
other specified feeding; PTSD, post‐traumatic stress disorder; PWB, psychological well‐being; RQ, research question; S, strength centrality; SD,
symptomatic distress scale; SWB, social well‐being.
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1 | INTRODUCTION

Psychiatric diseases, such as eating disorders (EDs), are
traditionally explained with the medical disease model
(Engel, 1977). In statistical terms, the medical dis-
ease model is considered a latent variable model
(Borsboom, 2016). This means that the symptoms are
understood to be caused by an underlying (biological)
disorder. However, for many psychiatric diseases, there is
no identifiable underlying disorder with a known com-
mon cause (Zachar & Kendler, 2007). EDs are currently
understood as the result of a complex interaction between
biological, psychological and environmental factors
(Himmerich et al., 2019).

While clear (biological) causes may be discovered in
the future, an alternative approach is to understand psy-
chiatric disorders as networks of symptoms, caused and
maintained by biological, psychological and environ-
mental mechanisms (Borsboom, 2016). Borsboom (2016)
states that if these causal relationships are sufficiently
strong, the symptoms may generate a level of feedback
that makes them self‐sustaining, leading to a network
being stuck in a disorder state. Psychometric network
theory proposes that this is a primary feature of mental
disorders, which can be understood as strongly
connected symptom networks (Borsboom, 2016). De-
velopments in psychometric network analysis have led
to new possibilities to examine and understand the
structure and dynamics of psychiatric disorders. In these
analyses, symptoms are specified as nodes, which can be
associated with each other in a network. In a psycho-
metric network, the centrality of nodes (e.g. the relative
importance in a network compared to each other) can be
estimated, as well as the strength of the association
between nodes, that is edge‐weights (Epskamp, 2020;
Epskamp & Fried, 2017).

1.1 | ED pathology networks

There is an emerging body of literature examining the
network structure of ED pathology (Christian et al., 2019;
DuBois et al., 2017; Elliott et al., 2020; Forbush
et al., 2016; Forrest, Jones, et al., 2018; Levinson
et al., 2017; Perko et al., 2019; Wang et al., 2019). These
studies show that specific symptoms are more central in
ED pathology networks than others. For instance,

weight‐related concerns and shape and weight over‐
evaluation have been found to be the most central
symptoms in several studies (DuBois et al., 2017; Elliott
et al., 2020; Forbush et al., 2016; Forrest, Jones,
et al., 2018; Levinson et al., 2017; Smith et al., 2019).
Shape and weight over‐evaluation are considered a pri-
mary maintaining factor for ED symptoms in enhanced
cognitive behavioural therapy (CBT‐E), the first choice of
treatment for EDs (Fairburn et al., 2015; Forrest
et al., 2018). In a longitudinal study, it was found that
feeling fat and fear of weight gain were among the most
central symptoms, and baseline symptom centrality pre-
dicted posttreatment recovery status in patients with
anorexia nervosa (AN) (Elliott et al., 2020).

1.2 | ED pathology/co‐morbidity
networks

Associations between ED pathology and co‐morbidity
have also been examined recently (Elliott et al., 2020;
Forrest et al., 2019; Levinson, et al., 2018, 2017;
Monteleone et al., 2019; Smith et al., 2020; Solmi, Koya-
nagi, et al., 2019; Vanzhula et al., 2019). Networks with
both ED pathology and general psychopathology (i.e.
general distress, anxiety and mood symptoms) showed
several high centrality symptoms in addition to the ED
symptoms, such as depression, anxiety, interpersonal
sensitivity, ineffectiveness (Monteleone et al., 2019; Solmi,
Collantoni, et al., 2019), and nervousness, feeling over-
whelmed, concentration difficulties, and low self‐esteem
(Smith et al., 2019). In addition, several studies
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examined the centrality of bridge symptoms linking two
communities of nodes, for instance, ED pathology and
general psychopathology, with the bridge function from
the R networktools package (Jones, 2020). Central bridge
symptoms play a primary role in connecting two or more
communities (Jones et al., 2019). Specific bridge symp-
toms were found, relating ED pathology to general psy-
chopathology, such as sensitivity to physical sensations
(i.e. changes in appetite, feeling wobbly or dizzy) among
patients with BN (Levinson et al., 2017) and feelings of
worthlessness, not wanting to eat in social situations and
negative reactions to weighing oneself among patients with
AN (Elliott et al., 2020). Network analyses have also been
applied to ED pathology and other specific psychopa-
thology such as social anxiety or post‐traumatic stress
disorder (PTSD) (Levinson et al., 2018; Vanzhula
et al., 2019). Levinson et al. (2018) found that difficulty
with drinking beverages and eating in public were central
bridge symptoms between ED pathology and social anx-
iety. Vanzhula et al. (2019) identified binge eating, irri-
tability (PTSD), desire for a flat stomach and concentration
problems (PTSD) as the strongest bridge symptoms con-
necting ED pathology with PTSD. In a study examining
ED pathology and both general and specific psychopa-
thology (anxiety, depression, obsessive‐compulsive and
post‐traumatic stress problems) in patients with AN, it
was found that depression, personal alienation, low self‐
esteem and interoceptive deficits showed the highest
bridge centrality (Monteleone et al., 2019, pp. 1263–1273).

1.3 | Well‐being and mental health

Patients with EDs do not only report high levels of co‐
morbidity, but also lower levels of well‐being, compared
to the general population (de Vos et al., 2018; Tomba
et al., 2014). Well‐being consists of three core dimensions,
emotional, psychological and social (Bohlmeijer
et al., 2012; Keyes, 2006, 2012; Westerhof & Keyes, 2008).
Emotional well‐being is about subjective happiness,
comprising positive affect and being satisfied with one's
life (Keyes, 2002). Psychological well‐being is defined as
positive individual mental functioning, indicated by six
facets: self‐acceptance, personal growth, autonomy,
environmental mastery, positive relationships and pur-
pose in life (Ryff, 2014; Ryff & Singer, 1996). Social
well‐being concerns adequate societal functioning and
comprises five dimensions: social actualization, contribu-
tion, integration, acceptance and interest (Keyes, 1998).

Adequate levels of well‐being are considered as
necessary as low levels of psychopathology for mental
health (Fava & Guidi, 2020; Keyes, 2005; Radstaak
et al., 2020; Westerhof & Keyes, 2010). The complete

mental health or dual continua model describes that well‐
being and psychopathology are two related but distinct
domains of mental health (Keyes, 2005; Westerhof &
Keyes, 2010). This suggests that optimal levels in one
domain do not necessarily lead to optimal levels in the
other domain (Trompetter et al., 2017). Factor analysis
shows further support for the dual continua model,
compared to alternatives (Keyes et al., 2008; Lamers
et al., 2011; Magalhães & Calheiros, 2017; Perugini
et al., 2017). Correlational studies report low or negligible
(Magalhães & Calheiros, 2017; Perugini et al., 2017) to
moderate correlations between well‐being and general
psychopathology (Peter et al., 2011). In clinical pop-
ulations, such as patients with anxiety, mood, ED and
personality disorders, moderate to high correlations be-
tween well‐being and general psychopathology were
found (de Vos et al., 2018; Franken et al., 2018). Corre-
lations between well‐being and specific ED psychopa-
thology were however low and not even statistically
significant for patients with BN and BED (de Vos
et al., 2018). The strength of the correlations between
well‐being and ED‐pathology were dependent on the type
of pathology (i.e. general or specific), as well as the ED
type (de Vos et al., 2018).

Until date, these associations have only been tested in
separate bivariate analyses. Psychometric network anal-
ysis will provide additional knowledge on how the mental
health dimensions are connected by controlling for each
other's influence. In addition, the underlying symptoms
of the mental health dimensions can be examined on
centrality and how they are connected. Examining both
well‐being and psychopathology in a psychometric
network is further substantiated by the perspective of
people with lived experience. People who have recovered
from an ED consider several aspects of well‐being as
fundamental criteria for recovery in addition to the
absence of ED symptoms, such as self‐acceptance, posi-
tive relationships, personal growth and autonomy (de
Vos et al., 2017). In addition, people who consider
themselves recovered use other transdiagnostic criteria
for recovery, besides ED pathology such as general psy-
chopathology, quality of life and social participation
(Slof‐Op't Landt et al., 2019).

1.4 | This study

Psychometric network studies among ED patients have
primarily focused on ED pathology or co‐morbidity net-
works. Mental health is, however, not only about symp-
toms of psychopathology but also about the presence of
well‐being. The network structure of overall mental
health has not been examined among ED patients.
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The first aim was to examine the network structure of
the mental health domains. Five domains were distin-
guished: emotional, psychological and social well‐being,
and general and specific (ED) psychopathology. The
overall network structure and centrality of the domains
were examined for each ED type. Also, differences in
networks between ED types were examined. Research
question (RQ)1 was: ‘which nodes are most central in the
domain mental health network?’ and RQ2: ‘are there
differences in the network structures and node strength
centralities between the ED types?’.

The second aim was to examine networks of under-
lying symptoms that make up the mental health domains
among ED patients. RQ3 was: ‘which nodes are most
central and which nodes serve as a bridge symptom be-
tween well‐being and psychopathology in the symptom
mental health network of ED patients?’, and RQ4: ‘are
there differences in the network structure and node
strength centrality between the ED types?’

2 | METHOD

2.1 | Participants and procedure

Participants were ED patients with AN, bulimia nervosa
(BN), binge eating disorder (BED) and other specificied
feeding and eating disorders (OSFED) receiving treat-
ment at Stichting Human Concern, a specialized centre
for the treatment of EDs with five outpatient treatment
centres located in the Netherlands. The inclusion criteria
were: (1) a primary DSM five ED diagnosis at intake, (2) a
minimum age of 17, since this is the minimum age for
treatment at the centre, (3) being able to understand and
fill in the questionnaires and (4) consent to participate in
the research. Exclusion criteria for treatment were (1) not
being able to write and understand the Dutch language,
(2) severe and active auto‐mutilation, (3) active psychosis,
(4) severe depression, (5) active suicidal ideation and (6)
acute somatic complications. A total of 1066 patients who
started treatment between March 2015 and September
2018 were screened for inclusion. Eleven patients did not
have an ED diagnosis, 121 patients did not fill in the
questionnaires, and 29 patients did not consent to have
their data used for research purposes.

The diagnosis was set by a psychiatrist in collabora-
tion with an intake team, consisting of a dietician, family
therapist and a psychologist. Patients followed outpatient
treatment with sessions once or twice a week with a
psychologist. A combination of the following methods
was used in treatment: insight giving therapy, cognitive
behavioural change, emotion‐regulation and food/weight
management. Patients filled in questionnaires every three

months as part of their treatment to monitor recovery.
These results were discussed with the patient and within
the multidisciplinary treatment team to evaluate treat-
ment. This study used these anonymized questionnaires,
meaning that the study did not lead to any additional
workload for patients. Patients were informed about the
aims of the study and signed an informed consent stating
that they could withdraw the possibility to include their
data for scientific research. The Behavioral, Management
and Social Sciences Ethics committee of the University of
Twente approved the study protocol.

2.2 | Instruments

2.2.1 | Eating disorder psychopathology

The 36 item Eating Disorder Examination Questionnaire
(EDE‐Q) was used to measure ED psychopathology (EDP
domain) with the global score (Fairburn & Beglin, 1994).
A seven‐point Likert scale (0 = not 1 day; 6 = every day)
was used to measure the frequency of symptoms in the
last 28 days. An example item is: ‘has your weight
influenced how you think about (judge) yourself as a
person?’ Lower scores are indicative for lower EDP. The
internal consistency of the global scale was 0.92.

2.2.2 | General psychopathology

The symptomatic distress (SD) scale of the Outcome
Questionnaire (OQ‐45) (Jong et al., 2008) was used for
the measurement for general psychopathology (GPP
domain) (Warmerdam et al., 2017). The symptomatic
distress scale has 25 items and shows good psychometric
properties (Jong et al., 2008). Items are scored on a five‐
point Likert scale, ranging from 0 ‘never’ to 4 ‘always’.
An example item is: ‘I feel irritated.' The internal con-
sistency of the SD scale was 0.91.

2.2.3 | Well‐being

The Mental Health Continuum Short Form (MHC‐SF)
was used to measure well‐being (Keyes, 2002; Lamers
et al., 2011). The MHC‐SF measures overall, emotional,
psychological and social well‐being with 14 items, rated
on a six‐point Likert scale ranging from 0 ‘never’ to 5
‘always’. Emotional well‐being (EWB domain) consists of
three items measuring happiness, avowed life satisfaction
and interested in life. Psychological well‐being (PWB
domain) consists of six items measuring self‐acceptance,
positive relationships, autonomy, personal growth,
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environmental mastery and purpose in life. Social well‐
being (SWB domain) consists of five items measuring
social actualization, contribution, integration, acceptance
and interest. The internal consistency of the scales was
0.86, 0.83 and 0.73 for emotional, psychological and social
well‐being, respectively.

2.3 | Analysis

One‐way analysis of variance (ANOVA) with Games‐
Howell post hoc analyses and chi‐square tests with
post‐hoc analyses were used to examine differences in
background characteristics between the ED types.

2.3.1 | Symptom network item selection

To estimate stable networks, the number of nodes in the
symptom network had to be limited. Also, nodes should
not represent the same underlying symptom (topological
overlap) (Levinson, et al., 2018). Two strategies were used
to limit the number of nodes and prevent topological
overlap, based on the procedure used by Levinson et al.
(2020).

First, the authors assessed all items on relevance for
the domain and topological overlap. For the measure-
ment of EDP, we focused only on the core symptoms to
limit the number of nodes. Seven of the 22 attitudinal
EDE‐Q items were selected, based on a comparison study
of short forms of the questionnaire (Machado
et al., 2020). The EDE‐Q7 short‐form items efficiently
screen and measure core EDP (Grilo et al., 2015;
Machado et al., 2020). For the measurement of GPP, 16 of
the 25 OQ‐45 SD items were used. The following items
were excluded. ‘After heavy drinking, I need a drink the
next morning to get going’ showed a near‐zero variance
and was therefore not eligible for network estimation.
Four items asking about physical symptoms (example
question: ‘I have sore muscles') were excluded because
we were primarily interested in psychopathology. Four
items showed substantial topological overlap with a well‐
being item and were therefore removed. ‘I feel no interest
in things’, was considered similar to the well‐being
question ‘how often did you feel interested in life’
(EWB). ‘I am satisfied with my life, was considered
similar to the question ‘how often did you feel satisfied
with life’ (EWB). ‘I like myself’, was considered similar to
the item ‘how often did you feel that you liked most parts
of your personality' (PWB). ‘I am a happy person’, was
considered similar to the item ‘how often did you feel
happy’ (EWB). For the measurement of well‐being, all 14
items of the MHC‐SF were included.

In the second part, the correlations between the items
were examined with the goldbricker function of the R
networktools package (Jones, 2020). The goldbricker
function compares dependent overlapping correlations in
a network and is best implemented when overlapping
items have already been removed theoretically by trained
professionals (Levinson, et al., 2018). Goldbricker func-
tion measures the proportion of correlations between
items. Based on earlier research, 0.25 was used as a cut‐
off for a significant proportion and 0.01 as the p‐value
for determining statistical significance (Levinson,
et al., 2018). Two EDE‐Q items were significantly corre-
lated ((1) ‘deliberately trying to limit the amount of food’
and (2) ‘trying to exclude foods from diets'). The second
item was removed upon discussion, leading to 36
included items for the symptom network analyses. See
also Table 1 for an overview of the included symptoms
and their description.

The original scales of the EDE‐Q (global) and MHC‐
SF (emotional, psychological, social) were used for the
domain networks. However, because of the topological
overlap and items not strictly measuring GPP, a revised
scale with the selected 16 items of the OQ‐45 SD scale
was used. The internal consistency of this scale was 0.89.

2.3.2 | Network estimation and centrality
measures

Regularized networks were estimated in the R package
qgraph using the Gaussian graphical model (Epskamp
et al., 2016; Epskamp et al., 2012). For the first and sec-
ond research question, partial correlations were esti-
mated (interval scales).For the third and fourth research
question, polychoric correlations were estimated (ordinal
scales). For all networks, the Graphical LASSO
(GLASSO) with the Extended Bayesian Information Cri-
terion (EBIC) was used to regularize the networks
(Epskamp et al., 2016). Each line (edge‐weights) between
two nodes (symptoms) reflects the partial or polychoric
correlations, and the GLASSO shrinks low correlations to
0 in order to reduce false‐positive errors (Epskamp
et al., 2018, Borsboom, & Fried, 2018).

Node centrality was examined for all networks with
the strength measure. Strength centrality (S) is a measure
of a node's overall involvement in the network and is
calculated as the sum of all absolute connections to other
nodes (McNally, 2016). Although there are other cen-
trality measures, such as betweenness or closeness,
recent work shows that these may not be considered valid
and meaningful for centrality in psychometric networks
(Bringmann et al., 2019). Bridge symptoms (Jones
et al., 2019) are symptoms that connect two communities
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TABLE 1 Node descriptions and strength centrality of the symptom mental health networks

Node Symptom Short Description

S

EDs AN OSFED

Emotional well‐being (EWB)

WB1 Happiness Feeling happy, joy, enjoyment 0.53 0.95 0.46

WB2 Interested in life Being interested in life 1.49 1.25 1.29

WB3 Life satisfaction Feeling satisfied with life 0.12 0.92 −0.16

Social well‐being (SWB)

WB4 Contribution Feeling that one's life is useful to society 0.33 −0.48 0.57

WB5 Integration Having a sense of belonging to, and support from a community −0.84 −0.93 −0.65

WB6 Actualization Believing that people, social groups and society can evolve
positively

−0.33 −0.42 −0.90

WB7 Acceptance Having a positive attitude towards others while accepting and
acknowledging people's differences and their complexity

−0.27 −0.42 −0.12

WB8 Coherence Being interested in society or social life −1.23 −0.91 −1.49

Psychological well‐being (PWB)

WB9 Self‐acceptance Holding warm and positive attitudes towards oneself and past life 1.53a 1.86a 1.04

WB10 Environmental mastery The ability to manage responsibilities and mould environments to
one's needs

−0.13 −0.40 −0.08

WB11 Positive relationships Having warm, satisfying, trusting personal relationships and being
capable of empathy and intimacy and being open and personal
to others.

−0.04 −0.52 0.03

WB12 Personal growth Showing insight into one's own self and potential, having a sense
of development

−0.57 −0.06 −1.10

WB13 Autonomy Exhibiting a self‐direction that is often guided by one's own
socially accepted and conventional internal standards

−0.61 −0.13 −0.99

WB14 Purpose in life Holding goals and beliefs that affirm one's sense of direction in life
and feeling that life had a purpose and meaning

1.79a 1.96a 1.61a

Eating disorder psychopathology (EDP)

ED1 Limit food Deliberately trying to limit the amount of food to influence shape
or weight

−0.91 −0.91 −0.80

ED2 Food rules Trying to follow definite rules regarding eating to influence shape
or weight

−0.38 −0.24 −0.48

ED3 Influence weight Has weight influenced thinking (judging) about self as a person 0.29 0.11 0.41

ED4 Influence shape Has shape influenced thinking (judging) about self as a person 0.86 1.06 0.59

ED5 Dissatisfied weight Being dissatisfied with weight −0.49 −0.75 −0.26

ED6 Dissatisfied shape Being dissatisfied with shape 0.70 0.72 1.11

General psychopathology (GPP)

GP1 Fatigue Feeling tired quickly −0.56 −0.79 −0.06

GP2 Self‐blame Blaming self for things happening −0.12 0.02 −.53

GP3 Irritated Feeling angry or irritated −1.35 −1.23 −.82

GP4 Suicidal thoughts Having thoughts of ending one's own life −0.86 −1.36 −0.68

GP5 Feeling weak Feeling fragile or weak 1.01 0.69 1.52a
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of nodes and can be quantified with bridge centrality
(Jones et al., 2019). Bridge strength centrality (BS) was
used to quantify the connectivity, measured as the sum of
all absolute connections of a symptom with symptoms in
another community and was estimated with the bridge
function of the networktools R package (Jones, 2020).
The three domains of well‐being were clustered into one
community (well‐being), and the two domains of psy-
chopathology in a second community based on the as-
sumptions of the dual‐continua model. This allowed for
testing which ‘symptoms' connect well‐being with
psychopathology.

2.3.3 | Network stability

The stability of all networks was assessed with the R
package bootnet (Epskamp et al., 2016). First, the accu-
racy of the edge‐weights was estimated by drawing non‐
parametric bootstrapped 95% confidence intervals (CIs)
with 2000 bootstraps. Second, the stability of the strength
centrality was estimated using the correlation‐stability
(CS) coefficient with 2000 bootstraps. The CS‐coefficient
gives an indication of the maximum proportion of cases
that can be dropped from the dataset such that with 95%
probability the correlation between original centrality
indices and centrality indices based on the subsets re-
mains above (by default) 0.7 (Epskamp et al., 2016). The
CS‐coefficient should not be below 0.25 and preferably
above 0.5 (Epskamp et al., 2016).

2.3.4 | Network comparisons

The network comparison test (NCT) package in R (van
Borkulo et al., 2017, p. 34) was used to identify network
differences between theED types (research questions 2 and
4). The NCT is a two‐tailed permutation test and can be
used for examining differences in both cross‐sectional
groups and repeated measures (van Borkulo et al., 2017,
p. 34). The overall network structure and global strength
centrality were examined, and p‐values < 0.05 indicate a
significant difference. We tested only for differences in
specific edge‐weights or strength centrality when the
overall tests were statistically significant in order to mini-
mize the likelihoodof type I error (VanBorkuloet al., 2017).

3 | RESULTS

3.1 | Patient characteristics

The average age of the patients was 26.9 years (SD = 8.9),
and the age of onset and duration of the ED was 16.2 years
(SD = 5.5) and 10.1 years (SD = 9.2). One hundred and
twenty‐eight patients (14.1%) had a personality disorder
and 562 patients (62.1%) a co‐morbid psychiatric disorder.
There were no differences between the ED types in the
start age of the ED (Welch's F [3, 294.41] = 1.79, p= 0.073)
and in the proportions of patients having an personality
disorder (χ2 [3] = 3.46, p = 0.326) or other psychiatric
disorder (χ2 [3] = 1.69, p = 0.640). However, statistically

TABL E 1 (Continued)

Node Symptom Short Description

S

EDs AN OSFED

GP6 Anxiety Feeling fearful or anxious 0.36 0.55 0.22

GP7 Feeling worthless Feeling worthless 1.88a 1.58a 1.62a

GP8 Concentration issues Having difficulty to concentrate on tasks −0.81 −0.34 −0.76

GP9 Feeling hopeless Feeling hopeless or desperate 1.04 1.04 1.43

GP10 Disturbing thoughts Disturbing thoughts which come to the mind and a person
cannot get rid of

−0.02 −0.21 0.09

GP11 Feeling worrisome Feeling that something bad is going to happen −0.28 −0.63 −0.10

GP12 Afraid of open spaces Feeling afraid of open spaces, of driving, or being on buses,
subways and so forth

−1.47 −1.72 −0.68

GP13 Nervousness Feeling nervous or jumpy 0.16 0.84 −0.40

GP14 Mind wrong Feeling that something is wrong with one's own mind −0.86 −0.62 −1.15

GP15 Sleep problems Having trouble falling or staying asleep −2.11 −1.88 −2.23

GP16 Feeling depressed Feeling sad, blue, or down 2.11a 1.42 2.21a

Note: S = strength centrality reported in standardized scores.
aStrength centrality ≥1.5 SD from the mean score.
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significant differences between the ED types were found
for age (Welch's F [3,297.41] = 14.81, p < 0.001), duration
of the ED (Welch's (F [3,295.59] = 19.33, p < 0.001),
and body mass index (BMI kg/m2) (Welch's F [3,
254.07] = 302.94, p< 0.001). See Table 2 for an overview of
the results of the post‐hoc analyses with the specific dif-
ferences between the ED types.

3.2 | Domain mental health networks

Research questions 1 and 2 concerned the network
structure and potential differences between the ED types
of the domain mental health networks. First the accuracy
of the networks was tested. The overall network structure
was considered stable for the ED, AN, BN and OSFED
networks with relatively small edge‐weights CI's (see the
supporting information for the figures). The BED network
showed somewhat larger CI's compared to the other net-
works. The strength centrality was excellent for the overall
ED (CS(cor = 0.7) = 0.75), AN (CS(cor = 0.7) = 0.75), BN
(CS(cor = 0.7) = 0.67) BED (CS(cor = 0.7) = 0.60) and
OSFED (CS(cor = 0.7) = 0.75) network.

3.2.1 | Network estimates

Figure 1 represents the domain mental health networks
per ED type. All networks show positive associations be-
tween the well‐being domains and between the psycho-
pathology domains. The associations between well‐being
and psychopathology were negative, with the strongest
edge‐weights between EWB, PWB and GPP. EDP was not,
or only weakly connected with the well‐being domains.

Table 3 shows the strength (S) centralities of the
nodes and the mean scores of the domains. The results
demonstrate that the most central overall mental health
domains across all ED types is PWB (S = 1.37), followed
by GPP (S = 0.26) and EWB (S = 0.21), and the least
central domain is EDP (S = −1.33).

3.2.2 | Network comparisons

The bootstrapped difference test (NCT) did not show
significant differences in the network structure and
global strength between the AN, BN BED and OSFED
networks on overall network structure and global
strength (see the supporting information).

3.3 | Symptom mental health networks

Research questions 3 and 4 concerned the symptom
mental health network structure and potential differ-
ences between the ED types. The accuracy of the net-
works was tested. The bootstrapped CI's of the edge‐
weights were considered relatively stable in the total
ED network, as well as the AN, BN and OSFED network.
The BED network was however considered unstable (see
the supporting information for the figures). The overall
strength centrality for the symptom networks were
stable for the ED (CS(cor = 0.7) = 0.75), AN (CS
(cor = 0.7) = 0.59) and OSFED network (CS
(cor = 0.7) = 0.52). The BN (CS(cor = 0.7) = 0.21) and
BED (CS(cor = 0.7) = 0.00) networks were however
considered unstable, and therefore not estimated and
used for comparisons.

TABLE 2 Patient characteristics

ED AN BN BED OSFED

N 905 318 195 80 312 Statistics

M (SD) M (SD) M (SD) M (SD) M (SD) F Post‐hoc analysis

Age 26.9 (8.9) 24.6 (7.9) 27.1 (7.5) 31.2 (10.4) 28.0 (9.6) 14.81* BED > AN, BN; AN < BN, OSFED

Startage ED 16.2 (5.5) 16.4 (4.8) 16.6 (5.3) 14.8 (6.5) 16.2 (6.0) 2.33

ED duration 10.1 (9.2) 7.6 (7.7) 9.5 (7.2) 15.9 (11.0) 11.6 (10.3) 19.33* BED > AN, BN, OSFED; BN < OSFED; AN < BN,
OSFED;

BMI kg/m2 21.7 (7.2) 16.5 (1.7) 22.5 (3.9) 32.2 (8.4) 23.9 (7.4) 302.94* AN < BN, BED, OSFED; BED > BN, OSFED;
BN < OSFED

N (%) n (%) n (%) n (%) n (%) χ2 Post‐hoc analysis

Personality disorder 128 (14.1%) 54 (17%) 24 (12.3%) 9 (11.3%) 41 (13.1%) 3.46

Co‐morbid disorder** 562 (62.1%) 200 (62.9%) 127 (65.1%) 49 (61.3%) 186 (59.6%) 1.69

Note: *p‐value < 0.001, **Co‐morbid disorders include mood and anxiety, developmental, trauma‐related, neurocognitive and addictive disorders.
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F I GURE 1 Domain mental health networks per ED type. EDP, eating disorder psychopathology; EWB, emotional well‐being; GPP,
general psychopathology; PWB, psychological well‐being; SWB, social well‐being [Colour figure can be viewed at wileyonlinelibrary.com]
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3.4 | Network estimates

Figure 2 shows the symptom mental health network for
the total ED group. The network shows overall positive
associations between the well‐being symptoms, positive
associations between the psychopathology symptoms and
negative associations between both. The strongest bridge
symptoms (≥1.5 SD from the BS mean) for the ED
network were; self‐acceptance (WB9, BS = 0.40), envi-
ronmental mastery (WB10, BS = 0.35), interested in life
(WB2, BS = 0.28) and feeling depressed (GP16, BS = 0.28).
For the AN and OSFED network respectively the
following bridge symptoms were found, self‐acceptance
(WB9, BS = 0.35), feeling depressed (GP16, BS = 0.32),
interested in life (WB2, BS = 0.32), and; environmental
mastery (WB10, BS = 0.41), feeling hopeless (GP9,

BS = 0.35), self‐acceptance (WB9, BS = 0.34) and feeling
depressed (GP16, BS = 0.33). The AN and OSFED net-
works can be found in the supporting information, as
well as the BS centrality of all symptoms.

The node strength centrality of the networks can be
found in Figure 3 and Table 1. The most central nodes
(≥1.5 SD from the mean S centrality): were feeling
depressed (GP16, S = 2.11), feeling worthless (GP7,
S = 1.88), purpose in life (WB14, S = 1.79) and self‐
acceptance (WB9, S = 1.53) for the ED network,
purpose in life (WB14, S = 1.96), self‐acceptance (WB9,
S = 1.86) and feeling worthless (GP7, S = 1.58) for the
AN network and feeling depressed (GP16, S = 2.21),
feeling worthless (GP7, S = 1.62), purpose in life (WB14,
S = 1.61) and feeling weak (GP5, S = 1.52) for the
OSFED network.

TABLE 3 Mean scores and strength centrality and mean scores of the domain mental health networks for each ED type

Node Description
ED

S
AN

S
BN

S
BED

S
OSFED

SM (SD) M (SD) M (SD) M (SD) M (SD)

EDP ED psychopathology 3.84 (1.21) −1.33 3.77 (1.21) −1.41 4.11 (1.12) −1.48 3.46 (1.01) −1.38 3.79 (1.26) −1.28

GPP General psychopathology 34.35 (9.80) 0.26 36.05 (9.43) 0.16 35.08 (9.51) 0.26 29.56 (8.02) 0.18 32.94 (10.13) 0.22

EWB Emotional well‐being 2.44 (1.11) 0.21 2.24 (1.16) 0.37 2.44 (1.07) 0.07 2.72 (1.08) 0.48 2.58 (1.06) 0.27

PWB Psychological well‐being 2.37 (1.01) 1.37 2.23 (1.02) 1.30 2.30 (0.99) 1.30 2.67 (1.04) 1.25 2.50 (0.99) 1.37

SWB Social well‐being 2.13 (1.00) −0.49 2.11 (0.95) −0.42 1.98 (1.01) −0.15 2.27 (1.14) −0.53 2.22 (1.00) −0.58

Note: S = strength centrality reported in standardized scores.

F I GURE 2 Symptom mental health
networks. Descriptions of the nodes can
be found in Table 1 [Colour figure can be
viewed at wileyonlinelibrary.com]
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3.4.1 | Comparisons

The AN and OSFED networks were compared on overall
network structure and strength centrality. No differences
were found in the overall network structure (M = 0.20,
p > 0.05) and global network strength (S = 0.18, p > 0.05).

4 | DISCUSSION

Well‐being and psychopathology are two distinct but
related dimensions of mental health according to the dual
continua model (Keyes, 2012). From a psychometric
perspective, it is unclear which mental health domains
(i.e. emotional, psychological and social well‐being, gen-
eral and ED specific psychopathology) and their under-
lying symptoms are central and related to each other.
This study aimed to examine psychometric networks of
mental health in ED patients on a domain and symptom
level.

4.1 | Domain mental health networks

The strongest negative associations between well‐being
and psychopathology were between EWB, PWB and
GPP, while the associations of well‐being with EDP were
negligible. These results are in accordance with earlier

research (de Vos et al., 2018) and imply that improve-
ments in specific ED psychopathology, may not neces-
sarily lead to changes in well‐being and vice versa.
Several pathways may explain the absence of significant
associations between well‐being and EDP. For instance, a
low insight in, or denial of the disease's severity may
contribute to inaccuracy in self‐reporting among ED pa-
tients (Vitousek et al., 1998). This may also apply to other
aspects of mental health, such as well‐being. Based on
clinical experience, some patients may still function well
in society, have an academic career, and therefore report
adequate (social) well‐being despite the illness. Lastly,
binge eating and other ED behaviours may serve as a
mechanism to cope with daily stressors and anxiety,
making it possible to function relatively adequately in
society, as long as the disadvantages, such as shame, low
self‐worth, inter‐personal problems and physical conse-
quences do not overweigh the advantages of being able to
cope with daily stressors (Goss & Gilbert, 2002).

The most central node (RQ1) in the domain network
was PWB, followed by EWB and GPP. Theories on mental
health have emphasized PWB as essential for living a
good and fulfilling life (Ryff & Singer, 1996, 2008, 2008).
ED patients report lower PWB than controls (de Vos
et al., 2018; Tomba et al., 2014), while its presence is
considered essential for personal recovery (de Vos
et al., 2017). In a qualitative meta‐analysis, it was found
that recovered individuals consider several aspects of

F I GURE 3 Strength centrality of the symptom mental health networks. Standardized scores in descending order [Colour figure can be
viewed at wileyonlinelibrary.com]
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PWB, such as self‐acceptance, positive relationships,
personal growth and autonomy as fundamental criteria
for ED recovery (de Vos et al., 2017).

No differences between the ED types were found
(RQ2) in the overall network structure and strength cen-
trality. This study is in accordance with earlier research
examining bivariate correlations between the mental
health domains, where low correlations (edge‐weights)
between well‐being and EDP were found for AN and
OSFED and no relevant correlations (edge‐weights) for
BN and BED (de Vos et al.,2018). However, it is important
to note that an unknown but substantial number of the
same patients were present in this study and the earlier
study from de Vos et al. (2018). The results suggest that the
overall structure of mental health may be independent of
the ED type. This is consistent with the idea that well‐
being and GPP are transdiagnostic constructs. Fava and
Guidi (2020) note that the pursuit of mental health cannot
be conceived as a therapeutic intervention for specific
mental disorders, but as a transdiagnostic strategy incor-
porated in individualized therapeutic plans.

4.2 | Symptom mental health networks

The most central symptoms (RQ3) in the overall mental
health network were feeling depressed, feeling worthless,
purpose in life and self‐acceptance, and the most influ-
ential bridge symptoms self‐acceptance, environmental
mastery, interested in life, and feeling depressed. This is
largely in line with earlier co‐morbidity network studies.
Earlier studies considered feeling depressed and feeling
worthless also as highly central symptoms in co‐morbidity
networks among ED patients (Elliott et al., 2020; Smith
et al., 2019; Solmi, Collantoni, et al., 2019). A general
conclusion of the co‐morbidity network studies was that
these central transdiagnostic symptoms should be
addressed in treatment in addition to the ED symptoms
in order to improve overall psychopathology. This study
adds to the knowledge that several influential well‐being
symptoms should also be considered in a transdiagnostic
approach for treatment addressing mental health.

Several influential ED symptoms were found in
network pathology studies (DuBois et al., 2017; Elliott
et al., 2020; Forbush et al., 2016; Levinson et al., 2017;
Wang et al., 2019), such as weight‐related concerns and
shape and weight over‐evaluation. However, ED symp-
toms were not influential in the mental health networks.
While relationships between happiness, depression and
perceived body image have been substantiated in an
earlier study (Stokes & Frederick‐Recascino, 2003), this
study showed relatively small edge‐weights between ED
pathology and well‐being.

Based on the results, we conclude that in order to
improve overall mental health, a focus in treatment may
be warranted on influential symptoms, such as feeling
depressed, feeling worthless, purpose in life and self‐
acceptance. Although the role and importance of
centrality in network analysis are still under debate
(Bringmann et al., 2019), network theory suggests that
changes or improvements on these central (bridge)
symptoms, may lead to improvements of the overall
mental health network, while changes in peripheral
symptoms may less likely lead to changes in other
symptoms (Borsboom, 2016; McNally, 2016). A recent
network study among patients with AN showed that
central symptoms predict posttreatment outcomes and
clinical impairment, which supports the validity of
network theory in that central symptoms may have a
strong influence on clinical impairment and recovery
(Elliott et al., 2020).

This study found no differences in the symptom net-
works between AN and OSFED (RQ4). These results may
support a transdiagnostic approach in clinical treatment
to promote mental health in ED patients, as suggested by
Fava and Guidi (2020). However, the network stability for
patients with BN and BED was insufficient in this
exploratory study. Also, differences between BN, BED
and the other ED types were found on several back-
ground characteristics. The insufficient stability of the
networks and potentially confounding background char-
acteristics make it difficult to draw firm conclusions
across all ED types. New research is needed to further
examine the transdiagnostic approach in clinical treat-
ment for ED patients.

Several psychological treatments have been developed
specifically targeting some of these mental health symp-
toms or aspects. These treatments may be effective
by addressing influential mental health symptoms.
Enhanced cognitive‐behavioural therapy (CBT‐E) for EDs
was developed to target feelings of worthlessness, hope-
lessness and low self‐esteem (Cooper & Fairburn, 2011).
Acceptance and commitment therapy (ACT) helps pa-
tients choose life directions in various domains (i.e.
meaning and purpose in life) with committed action
(Hayes et al., 2016). Compassion focused therapy (CFT)
strongly emphasizes the importance of alleviating self‐
criticism and shame by fostering self‐acceptance or
compassion (Gilbert, 2009). Well‐being therapy addresses
all six aspects of PWB (Fava et al., 1998; Fava et al., 2005;
Radstaak et al., 2020). Outcome studies show that these
so‐called third‐wave behavioural treatments effectively
alleviate symptoms in ED patients (Linardon et al., 2017).
However, little is known about whether these treatments
help to improve patients overall mental health. Gains in
positive functioning are frequently not considered in
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outcome studies, despite the impaired PWB in clinical
populations (Tomba & Tecuta, 2016). Studies should
focus on the effectiveness of interventions on both ED
pathology and transdiagnostic criteria.

4.3 | Limitations

A limitation is that the network analyses were performed
on a cross‐sectional level. This means that no causal in-
ferences or prognostic consideration can be drawn and
longitudinal study designs with multiple measurements,
using a random intercept cross‐lagged panel model
(Hamaker et al., 2015) or panel data network analysis
(Epskamp, 2020) may provide more definite knowledge
on the associations between the domains and potential
causal determinants. We excluded several items from the
general psychopathology domain showing topological
overlap with well‐being items. However, excluding them
from the psychopathological domain instead of the well‐
being domain was arbitrary and may have led to different
results if they were excluded from the well‐being domain.
However, the pathological items were positively worded,
for instance, 'interested in life', which seems to be more
about well‐being or positive mental health. We consid-
ered nodes with an S SD ≥ 1.5 as the most central nodes,
which is arbitrary. There are currently no specific rules of
thumb as we are aware of how many nodes should be
classified as central. It is possible that not all relevant
symptoms for mental health were included. For instance
it was found that resilience was considered important for
mental health and recovery among ED patients (Calvete
et al., 2017; de Vos et al., 2017). We were not able to
obtain data of psychotropic drug use among the patients,
while the use of psychotropic drugs may alter feelings of
well‐being and psychopathological symptoms. Another
limitation is that the BN and BED networks were not
considered stable and therefore not tested. This also
means that the overall ED network results and conclu-
sions should be interpreted with caution and may not
apply to BN and BED patients. It is recommended to test
the symptom networks in larger groups of patients with
BN and BED. At last, self‐report measures were used,
which are subject to measurement biases (Anglim
et al., 2020).

5 | CONCLUSION

This study shows novel associations between well‐being
and psychopathology in eating disorder patients. Psy-
chological well‐being was the most central mental health
domain, and the most central underlying symptoms were

feeling depressed, feeling worthless, purpose in life and self‐
acceptance. Primary bridge symptoms between well‐being
and psychopathology were self‐acceptance, environmental
mastery, interested in life and feeling depressed. A trans-
diagnostic approach to ED treatment, focusing on central
psychopathological and well‐being symptoms may be
warranted in order to improve overall mental health in
patients with EDs.
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