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Abstract

Background. Eating disorder (ED) research has embraced a network perspective of psycho-
pathology, which proposes that psychiatric disorders can be conceptualized as a complex sys-
tem of interacting symptoms. However, existing intervention studies using the network
perspective have failed to find that symptom reductions coincide with reductions in strength
of associations among these symptoms. We propose that this may reflect failure of alignment
between network theory and study design and analysis. We offer hypotheses for specific
symptom associations expected to be disrupted by an app-based intervention, and test sensi-
tivity of a range of statistical metrics for identifying this intervention-induced disruption.
Methods. Data were analyzed from individuals with recurrent binge eating who participated
in a randomized controlled trial of a cognitive-behavioral smartphone application. Participants
were categorized into one of three groups: waitlist (n = 155), intervention responder (n = 49),
and intervention non-responder (n = 77). Several statistical tests (bivariate associations, net-
work-derived strength statistics, network invariance tests) were compared in ability to identify
change in network structure.
Results. Hypothesized disruption to specific symptom associations was observed through
change in bivariate correlations from baseline to post-intervention among the responder
group but were not evident from symptom and whole-of-network based network analysis sta-
tistics. Effects were masked when the intervention group was assessed together, ignoring het-
erogeneity in treatment responsiveness.
Conclusion. Findings are consistent with our contention that study design and analytic
approach influence the ability to test network theory predictions with fidelity. We conclude
by offering key recommendations for future network theory-driven interventional studies.

Introduction

The network perspective of psychopathology proposes that psychiatric disorders can be con-
ceptualized as a complex system of interacting symptoms (McNally, 2016). Functioning of the
network may be explored globally, in terms of overall network strength (alternatively referred
to as global network connectivity), as well as at a more localized level, exploring the contribu-
tions of individual symptoms. At the individual-symptom level, statistical networks enable
identification of ‘central’ symptoms, characterized by strength and/or number of associations
with other symptoms within the network (Fried et al., 2017, although see Bringman et al., 2019
for discussion of potential issues with centrality metrics). These central symptoms are thought
to be viable targets for intervention through which broader symptom improvement may pro-
liferate. Beyond this symptom-level focus, it is argued that vulnerability to psychopathology,
resistance to v. success of treatment, and likelihood of relapse may potentially be discerned
through the overall strength of the network (Borsboom, 2017).

Within the context of eating disorder (ED) research, network analyses of cross-sectional
data offer support for the central role of overvaluation with shape/weight and desire to lose
weight across distinct age groups and diagnoses, while also identifying several non-specific
ED symptoms that might serve as central symptoms in the network (Monteleone &
Cascino, 2021). These findings with respect to overvaluation and desire for weight loss accord
with cognitive behavioral therapy (CBT) approaches to eating disorders, where these cognitive
factors are a key focus of treatment (Fairburn, Cooper, & Shafran, 2003).

Despite these promising cross-sectional results, efforts to longitudinally explore changes in
network structure in response to treatment have yielded mixed and somewhat surprising
results. Some changes from baseline to post-intervention were observed at the symptom-level,
though the general pattern was for increased node strength (i.e. increased connections to other
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symptoms in the network) rather than a reduction in line with
diminished impact of the symptoms in response to treatment.
These variables with increased strength include dissatisfaction
with weight and shape, BMI, shape concerns, eating concerns,
binge eating, and depressive symptoms (Forrest & Grilo, 2022;
Forrest, Franko, Thompson-Brenner, & Grilo, 2023; Hilbert
et al., 2020).

At the global level, network theory-predicted reductions in
network connectivity in response to treatment were found for
one study (Calugi, Dametti, Chimini, Dalle Grave, & Dalle
Grave, 2021), yet non-significant differences (Forrest & Grilo,
2022 baseline v. post-intervention comparison; Forrest et al.,
2023; Smith et al., 2019) or increases in overall connectivity
(Forrest & Grilo, 2022 baseline v. follow-up comparison; Hilbert
et al., 2020) were found in others. Smith et al. (2019) also
found in a transdiagnostic sample that treatment non-responders
had greater network connectivity at pre-intervention relative to
responders, but this effect was not found by Hilbert et al.
(2020) among a binge eating disorder sample. It is worth noting
that significant symptom improvements based on traditional tests
of efficacy (e.g. ANOVAs) were observed across each of these lon-
gitudinal ED network studies, and hence null findings are not
attributable to an ineffectual treatment.

Several factors may account for these unexpected findings with
respect to global network connectivity in response to treatment.
First, network theory predictions about reduced connectivity
may be poorly matched to treatment contexts in these existing
studies. Forrest and Grilo (2022) hypothesized that treatment
would lead to reduced centrality of overvaluation of shape/weight,
yet their behavioral weight loss treatments did not directly target
this symptom. The CBT-based intervention studies could be rea-
sonably argued to target symptoms included in their network
analyses, but these studies did not offer clear hypotheses about
which variable inter-relations would be disrupted by specific
treatment content. If the treatment is expected to target only a
few of the overall number of inter-relations within the network,
one might expect small changes to the overall network structure
and to symptom (node) strength that necessitate larger samples
than these prior studies to detect structural changes. These tar-
geted disruptions to specific symptom relationships may also be
better evaluated at the bivariate (or partial) correlation level
than through metrics of global network strength or node strength.

A related potential concern is ambiguity in use of the term
‘disruption’ in the context of these networks. Presence, severity,
or frequency of a target symptom may be disrupted by reducing
the presence, severity, or frequency of a known antecedent symp-
tom. This improvement to the target symptom arises from a
recognized causal relationship between the two symptoms.
However, the expectation from this interpretation of disruption
is that the target symptom reduces in severity because the ante-
cedent symptom’s severity has also been reduced. In such a
case, we would see that the correlation remains, yet symptom
levels reduce. A second interpretation of disruption is more in
line with the network theory prediction that treatment would
reduce the strength of associations among variables. In such a
case, the antecedent symptom’s level of severity or frequency
becomes irrelevant to the likelihood of the target symptom occur-
ring. In this case, successful treatment would entail reduced target
symptom severity/frequency (with or without coinciding reduc-
tion in antecedent symptom severity/frequency) and reduced
strength of the target causal relationship. Thus, in applications
of network analysis, we need clearer articulation regarding the

type of disruption that is predicted, the specific associations in
the model expected to be disrupted, and plausible explanation
for why such a disruption is anticipated.

Finally, statistical artifacts may also threaten internal validity of
global network strength evaluations in complex, yet potentially
predictable ways. Psychological treatment effects are often hetero-
geneous (Hilbert et al., 2019); analyzing all treatment group par-
ticipants together may thus obfuscate true impacts on network
structure at varying levels of treatment responsiveness. Increases
in variability over time – such as may arise from heterogeneous
treatment effects – could also lead to increased correlation mag-
nitude (Bland & Altman, 2011). Indeed, Monteleone et al.
(2021) found an average correlation of 0.40 between variance
predicted in a symptom (node) in a network and the size of its
variability (Monteleone and colleagues argue that these associa-
tions become non-significant after correction for Type I error
inflation. However, we argue that given the small sample size of
this study and the choice of a conservative adjustment approach
(Bonferroni), this skews results in favor of failing to find an
effect). Changes to the distribution of symptom scores may also
arise due to treatment effects, in turn resulting in correlation mag-
nitudes that are more or less affected by skew due to attenuation
bias or (mis)match of distributions. Consideration of these poten-
tial statistical artifacts should be routinely incorporated into net-
work analysis papers to contextualize results of hypothesis testing.

The present study

This study demonstrates our proposal for more appropriate
hypothesis formulation and more comprehensive testing to con-
textualize results of hypothesis tests. Our substantive aim in this
study is to evaluate whether app-based intervention responsive-
ness is associated with changes to network structure for a collec-
tion of ED symptoms and broader mental health correlates
thought to co-occur with and influence these symptoms.

The app-based intervention evaluated is based on CBT princi-
ples that are designed to target binge eating via normalizing eating
behaviors, decreasing perceived body image importance, and bet-
ter tolerating adverse moods. The main intended mechanism for
change is reduction in antecedents which, in turn, are expected to
reduce key symptoms. There are, however, two specific excep-
tions, where the intervention targets disruption (in the network
analysis sense of the word) to the relationship between symptoms.
The first of these attempts to educate individuals about the role of
dieting in binge eating, and seeks to reduce both dieting attempts
and subsequent binge eating after these attempts. The second
exception educates participants about the role of negative mood
states in precipitating binge eating episodes as a means to self-
soothe, provide comfort, or distract. Participants are taught to dis-
rupt the functional relationship between negative thoughts and
binge eating as a reaction.

Consistent with traditional formulations of efficacy, it is pre-
dicted that individuals assigned to the intervention will exhibit
greater reductions in these symptoms post-intervention relative
to a wait-list group (Hypothesis 1). Consistent with network the-
ory, it is further hypothesized that specific changes in the network
structure of these symptoms are expected for intervention partici-
pants for relationships between: (i) dietary restraint and binge eat-
ing, (ii) depressive symptoms and binge eating, and (iii) body
dissatisfaction and binge eating (Hypothesis 2). As the relation-
ships expected to reduce form a small subset of the overall num-
ber of possible relationships (3 of 28), hypothesized reductions
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will be tested both in terms of reduction in global strength metrics
and through evaluation of change in bivariate correlations, the lat-
ter expected to be more sensitive to these proposed changes.

Method

Study design and population

Participants were those with self-reported recurrent binge eating
(defined as one episode of objective binge eating per every two
weeks, on average, over the past three months) enrolled in a
three-arm RCT comparing a waitlist to either a broad (app-based
program designed to target multiple mechanisms symptoms) or
focused (web-based program designed to isolate one key mechanism)
self-guided digital intervention (Linardon, Shatte, McClure, &
Fuller-Tyszkiewicz, 2023). Participants were recruited from advertise-
ments distributed throughout the first author’s psychoeducational
website for eating disorders, which showcases passive information
about eating disorders, including their causes, consequences,
prevalence, and help options (see Linardon, Rosato, & Messer,
2020a; Linardon, Shatte, Messer, Firth, & Fuller-Tyszkiewicz,
2020b; Linardon, Shatte, Rosato, & Fuller-Tyszkiewicz, 2020c
for further detail). Those allocated to the focused intervention
were excluded from subsequent analyses due to the program’s
lack of focus on targeting multiple symptoms and their relation-
ships hypothesized to change in network models (i.e. it did not
target body image and mood-related variables like the broad pro-
gram did). Baseline and four-week follow-up (immediately post-
intervention) are analyzed in this study. Ethical approval was
obtained through Deakin University.

Intervention

The intervention (Break Binge Eating) was delivered through a
smartphone application. It was self-guided, based on CBT princi-
ples, and contained four sequential modules designed to target
three key binge eating maintaining mechanisms: dietary restraint,
body image, and negative mood. Modules took between 30 and
90 min to complete and interactive exercises (e.g. quizzes, symp-
tom tracking, and digital diary) were provided to help users prac-
tice skills taught throughout the program. The app was designed
to be completed in four weeks, with users encouraged to engage in
one module per week. However, as the app was purely self-guided,
participants were free to go at a self-suited pace. For more infor-
mation about the intervention, see Linardon et al. (2023)

Measures

Each network included items or subscales from the Eating
Disorder Examination Questionnaire (EDE-Q; Fairburn and
Beglin, 1994) and Patient Health Questionnaire–4 (PHQ-4;
Kroenke, Spitzer, Williams, and Löwe, 2009). The EDE-Q is a
28-item measure that assesses attitudinal and behavioral symp-
toms of eating disorders. Attitudinal symptoms are rated along
a 7-point scale, with higher scores reflecting greater severity.
Behavioral symptoms are rated as the number of episodes experi-
enced in the past month. For each network, we used the following
EDE-Q symptoms: dietary restraint (five item subscale), eating
concerns (five item subscale), overvaluation (five item composite
score), dissatisfaction (two item composite score), fear of weight
gain (single item number ten), preoccupation with weight and
shape (single item number eight), and objective binge eating.

We assessed individual constructs of body image rather than
the broad shape and weight concerns subscales in light of prior
recommendations and empirical evidence highlighting the dis-
tinctiveness of these body image components (Lydecker, White,
& Grilo, 2017; Mitchison et al., 2017). We also used the depres-
sion subscale from the PHQ-4, which contains two items rated
along a 4-point scale.

Analytical approach

Data preparation and preliminary analyses
All analyses were conducted in R version 4.2.2 (R Core Team,
2022). There was less than 5% missing data across all variables;
this was handled with a single imputation of modeled variables
and demographics using chained equations with the mice package
(van Buuren & Groothuis-Oudshoorn, 2011). Non-normality was
evident for the binge-eating variable. This variable was trans-
formed based on Box–Cox transformation recommendations of
log transformation. The goldbricker function (Jones, 2023) was
used to assess potential redundancy among symptoms intended
for our network analysis. We failed to find any redundancy
searching for correlations > 0.5, 0.25 as significant proportion
for flagging problematic variables, and p set at 0.01 (Mullen &
Jones, 2021).

To address heterogeneity of treatment response, we separate
the treatment sample into two groups (treatment responders v.
non-responders) based on the criterion of at least 50% reduction
in objective binge eating episodes (Williams, Watts, & Wade,
2012). It is expected that reductions in magnitude of relationships
between binge eating and both dietary restraint and the negative
mood variables would be present for the responder group only
(not waitlist or non-responder groups), reflective of their overall
responsiveness to intervention.

Given the two groups (responders and non-responders) were
not randomly assigned, one-way ANOVAs were conducted to
evaluate potential differences between the intervention subgroups
and wait-list control at baseline for demographics and variables
included in our network analyses. Levene’s test was used to evalu-
ate potential differences in variance across groups for the same
variables due to concern that lower variance estimates for one
group may produce reduced correlation magnitude through
range restriction (Bland & Altman, 2011). No correction to an
alpha level of 0.05 was applied as such corrections would favor
a null finding which is advantageous for our conclusions about
data quality.

Hypothesis testing
Between-group differences in symptom severity at post-
intervention (Hypothesis 1) were tested using one-way
ANOVAs. Tukey’s Honestly Significant Differences test was
used to conduct post-hoc comparisons between the three groups.
Bivariate correlations (with Fisher’s z test for comparisons) and
network analyses (symptom strength centrality and global net-
work strength) were used to evaluate changes in symptom inter-
relation over time between groups (Hypothesis 2).

Bivariate correlations were run separately by intervention
group and timepoint, with Fisher’s z test approach used to evalu-
ate whether differences in correlation strength within group but
across time (e.g. difference in correlation between body dissatis-
faction and binge eating at baseline v. post-intervention for the
responder group) were significant ( p < 0.05). In addition to sig-
nificance testing, we adopted Ferguson’s (2009) guidelines for
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evaluating practical significance of these changes in correlation
magnitude; differences greater than 0.2 were considered the min-
imum effect size reflective of practical significance.

Network analyses were conducted using the graphical least abso-
lute shrinkage and selection operator (GLASSO) algorithm via
qgraph for network construction (Epskamp, Cramer, Waldorp,
Schmittmann, & Borsboom, 2012), and NetworkComparisonTest
to evaluate possible differences in global network structure and
symptom strength across groups at each timepoint and within
group over time (van Borkulo et al., 2022).

Additional analyses
Though not directly informing hypotheses, we visually present
networks to enable readers to visually inspect symptom inter-
relation across groups and time. Stability of the network strength
metrics that inform Hypothesis 2 were evaluated using correlation
stability coefficients (CS-coefficients) via the bootnet package
with 1000 case-dropping bootstraps (Epskamp, Borsboom, &
Fried, 2018). CS-coefficient values of > 0.25 indicate minimally
acceptable stability of network strength metrics, whereas >0.50
indicates desirable stability levels. Finally, we evaluated whether
there was a systematic relationship between a symptom’s level
of variability around its mean and the variance explained in
this symptom by all other symptoms in the network. This was
achieved through bivariate correlations, and run separately by
group (responders, non-responders, wait-list).

Results

Preliminary analyses

Group differences
At post-test, the overall completion rate was 63% (37% did not
complete study assessments) for the group allocated to the app
intervention. Treatment responders, non-responders, and wait-list
participants did not significantly differ on demographic factors
(Table 1), nor for any measure at baseline used for network ana-
lyses, except binge eating frequency for which responders
reported more frequent episodes and higher variability around
their mean score (see online Supplementary Tables S1 and S2).
The responders did not significantly differ from the other two
groups in correlation magnitude for baseline associations between
key variables for Hypothesis 2 (dietary restraint, body dissatisfac-
tion, and depressive symptoms all in relation to binge eating;
online Supplementary Tables S5–S8).

More differences in variability were evident at post-intervention,
with significant differences for overvaluation, dissatisfaction, fear
of weight gain, depressive symptoms, and binge eating. In most
instances, the wait-list control group had less variability than
the intervention groups (see online Supplementary Table S3).
Possible implications of these differences for network comparisons
are covered in the Discussion.

Network structure
Online Supplementary Fig. S1 provides the networks at baseline
and post-intervention for the eating disorder-relevant variables
for responders, non-responders, and wait-list control groups,
respectively. Broadly, we see that the number of edges (i.e. associa-
tions among two variables, conditioned on other variables in the
model) remained relatively stable for all groups, and there was no
evidence of change in edges involving binge eating for the
responder group. Online Supplementary Fig. S2 shows a slight

increase in number of edges when all intervention participants
are modeled together, though none of the changes are consistent
with expectation of reduced edges involving binge eating.

Online Supplementary Fig. S3 summarizes the strength of all
variables within the networks expressed as z scores. At both
time points, many of the strength indices are highly similar for
the three groups, with strength values within 0.5 units of each
other. Most relevant to hypotheses about treatment efficacy,
strength values for binge-eating were at zero for the responder
group, but the other groups also had small–albeit non-zero–
strength values for binge-eating. This pattern held when compar-
ing full intervention group against the waitlist control group
(online Supplementary Fig. S4). Further, analyses revealed at
least minimally acceptable levels of stability in strength metrics
across groups and time (correlation-stability coefficients values:
0.267 and 0.289, 0.359 and 0.519, and 0.441 and 0.594 at baseline
and post-intervention for the responder, non-responder, and
wait-list groups, respectively).

The relationship between variance explained in a symptom
and the variability of that symptom was non-significant but ran-
ged from moderate to large at post-intervention for all groups
(rwait−list = −0.62, p = 0.115; rresponder =−0.50, p = 0.204; rnon
−responder = −0.33, p = 0.428). For the responder group–for
whom reductions in correlations were hypothesized–the associ-
ation between variance explained and variability was negative,
and hence unlikely to have created a statistical artifact in favor
of our hypothesis.

Hypothesis testing

Group differences post-intervention (Hypothesis 1)
There were significant differences between groups at post-
intervention for all variables (Table 2). In all cases, except for diet-
ary restraint, the responder group significantly differed from the
wait-list control group on these variables at post-intervention,
and also differed from the non-responder group on eating con-
cerns, overvaluation, fear of weight gain, and binge eating. The
responder group tended to have the lowest scores on these vari-
ables, consistent with expectation of efficacy for this group.

Differences in symptom relationships (Hypothesis 2)
Bivariate correlations. Table 3 provides magnitude of change in
correlations across time, within each group. Significant changes
over time (with anticipated reduction in initially positive correla-
tions) were found in the responder group for one of the three rela-
tionships hypothesized to be disrupted by the intervention
(dietary restraint and binge eating), and a second (between
binge eating and depressive symptoms) was borderline significant
( p < 0.10) but above the minimal practice significance threshold
of 0.2 (Ferguson, 2009). Magnitude of change in relationship
between binge eating and body dissatisfaction was not significant.
There was a significant decrease in the magnitude of association
between body dissatisfaction and preoccupation, which was not
hypothesized.

For non-responsive individuals, five bivariate symptom rela-
tionships exhibited a (borderline) significant change in magni-
tude. For each of these relationships involving binge eating, the
observed pattern was strengthening (rather than reduction) of
these problematic associations. Finally, in the absence of interven-
tion, there were two significant differences and one borderline sig-
nificant difference observed over time for the wait-list control
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group. These differences were not in the direction of reduced
symptom association.

Online Supplementary Table S4 shows none of the three target
correlations reduce from either a significance or effect-size per-
spective from baseline to post-intervention when the two inter-
vention subgroups are combined and heterogeneity is ignored.
Online Supplementary Tables S5–S8 provide correlations for
each group across the two timepoints.

Network analyses. Invariance tests failed to find significant
reduction in global network strength for the responder intervention
group from baseline to post-intervention ( ps > 0.623). Nor were
there significant differences between the responder group and non-
responders ( ps > 0.053) or wait-list ( ps > 0.105) at post-intervention.
Full results are shown in online Supplementary Table S9.

Strength statistics for individual symptoms in the network
(reflecting the aggregation of a symptoms associations with all
other symptoms in the network) did not significantly change
from baseline to post-intervention for the responder group for
the four key variables involved in Hypothesis 2 (binge eating,
body dissatisfaction, depressive symptoms, and dietary restraint;
all ps > 0.204).

Discussion

Despite considerable research interest in network perspectives for
psychopathology, most studies have failed to find that symptom
reductions post-intervention coincide with reductions in overall
strength of associations among these symptoms (e.g. Beard
et al., 2016; Smith et al., 2019). We argue that this may, at least
in part, reflect failure of alignment between network theory and
study design and analysis. Thus, we articulated specific symptom
associations expected to be reduced in magnitude by successful
intervention, and evaluated the capacity of different statistical
tests (bivariate associations, network-derived strength statistics,
and network invariance tests) to detect such changes in a group
of individuals with ED who were responsive to our CBT-based
treatment.

Our findings showed significant improvements for the
responder group at the symptom-level for all variables, consistent
with traditional conceptualizations of efficacy. Furthermore,
inspection of bivariate correlations showed practically significant
(two associations: dietary restraint and negative mood with
binge eating) and statistically significant (one association;
restraint with binge eating) reductions among the three

Table 1. Demographic breakdown by group

Non-responder Responder Wait-list

(N = 77) (N = 49) (N = 155) p Value

Gender (female) 75 (97.4%) 46 (93.9%) 147 (94.8%) 0.643

Age (mean, S.D.) 35.7 (9.86) 35.3 (8.60) 34.6 (10.40) 0.736

BMI (mean, S.D.) 30.2 (7.92) 30.5 (8.77) 30.5 (8.64) 0.967

Race

Black 1 (1.3%) 2 (4.1%) 3 (1.9%) 0.148

Asian 4 (5.2%) 4 (8.2%) 5 (3.2%)

White 68 (88.3%) 37 (75.5%) 141 (91.0%)

Multiracial 0 (0%) 1 (2.0%) 3 (1.9%)

Other 4 (5.2%) 5 (10.2%) 3 (1.9%)

Education

> Year 12 72 (93.5%) 45 (91.8%) 139 (89.7%) 0.600

Less than Year 12 0 (0%) 1 (2.0%) 1 (0.6%)

Year 12 5 (6.5%) 3 (6.1%) 15 (9.7%)

Past AN 3 (3.9%) 4 (8.2%) 17 (11.0%) 0.185

Past BN 11 (14.3%) 9 (18.4%) 18 (11.6%) 0.462

Past BED 20 (26.0%) 14 (28.6%) 47 (30.3%) 0.778

Past OSFED 3 (3.9%) 1 (2.0%) 7 (4.5%) 0.790

Current ED

AN 0 (0%) 1 (2.0%) 2 (1.3%) 0.947

BED 17 (22.1%) 11 (22.4%) 43 (27.7%)

BN 5 (6.5%) 4 (8.2%) 8 (5.2%)

No diagnosis 52 (67.5%) 31 (63.3%) 97 (62.6%)

OSFED 3 (3.9%) 2 (4.1%) 5 (3.2%)

Current treatment 17 (22.1%) 12 (24.5%) 35 (22.6%) 0.957

Notes. S.D., standard deviation; BMI, body mass index; AN, anorexia nervosa; BN, bulimia nervosa; BED, binge eating disorder; OSFED, other specified feeding or eating disorder; ED, eating
disorder.

Psychological Medicine 5

https://doi.org/10.1017/S0033291724000813 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291724000813


Table 2. Breakdown by group of post-intervention scores on variables included in network analysis

Non-responder Responder Wait-list

(N = 77) (N = 59) (N = 155) p Value

Restraint 2.21 (1.43)WL 1.89 (1.56)WL 3.07 (1.54)NR,R <0.001

Eating concerns 2.93 (1.48)WL,R 2.03 (1.22)WL,NR 3.43 (1.25)NR,R <0.001

Overvaluation 4.40 (1.63)R 3.63 (1.84)WL,NR 4.81 (1.38)R <0.001

Dissatisfaction 4.77 (1.42) 4.34 (1.56)WL 5.07 (1.23)R 0.009

Preoccupation 2.82 (2.02) 2.00 (1.98)WL 3.36 (2.05)R <0.001

Fear weight gain 4.42 (1.84)WL,R 3.45 (2.21)WL,NR 5.18 (1.52)NR,R <0.001

Depression 2.86 (2.06) 2.13 (1.72)WL 2.95 (1.80)R 0.018

Binge eating 12.90 (6.57)WL,R 6.16 (5.35)WL,NR 17.80 (16.2)NR,R <0.001

WL, wait-list group; R, responder group; nr, non-responder group.
Notes. Superscript specifies groups that a specific group significantly differs from using Tukey’s HSD post-hoc comparison approach ( p < 0.05).

Table 3. Change in correlations among modeled variables at baseline v. follow-up for the responder group

Responders 1 2 3 4 5 6 7

1. Restraint

2. Eating concerns −0.07

3. Overvaluation −0.04 −0.10

4. Dissatisfaction −0.17 −0.05 −0.12

5. Preoccupation 0.04 0.01 −0.12 −0.30*

6. Fear weight gain −0.02 −0.02 0.05 0.07 −0.16

7. Depression 0.27† 0.21 0.26† 0.22 −0.04 0.24

8. Binge eating −0.36* 0.07 −0.07 0.00 0.00 0.04 −0.28†

Non-responders 1 2 3 4 5 6 7

1. Restraint

2. Eating concerns 0.04

3. Overvaluation −0.01 0.06

4. Dissatisfaction 0.10 0.12 0.16

5. Preoccupation 0.16 0.04 0.08 0.11

6. Fear weight gain 0.10 0.02 −0.27** −0.03 0.05

7. Depression 0.04 −0.17 0.16 0.28** −0.15 −0.06

8. Binge eating 0.13 0.19† 0.35*** 0.09 0.14 0.21† 0.00

Wait-list 1 2 3 4 5 6 7

1. Restraint

2. Eating concerns 0.04

3. Overvaluation 0.10 0.07

4. Dissatisfaction 0.04 0.15† 0.11

5. Preoccupation −0.01 0.17** −0.02 0.08

6. Fear weight gain −0.16† 0.00 0.05 0.20* 0.05

7. Depression −0.01 0.02 0.08 0.17† −0.11 0.06

8. Binge eating 0.03 0.11 0.09 0.18* 0.17† −0.06 −0.01

Notes. Positive values indicate correlation became increasingly positive over time.
*p < 0.05, ** p < 0.01, ***p < 0.001, †p < 0.10.
Changes in correlation greater than 0.2 may be deemed practically significant.
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associations proposed to be disrupted by the intervention, with a
null difference for the body dissatisfaction-binge eating relation-
ship. These disruptions were not evident through standard
metrics of network analysis (symptom strength metrics and
invariance testing of global strength metrics). Symptom-level
and global strength statistics from network analysis may be
insensitive to changes in specific associations, especially when
these constitute a small fraction of the overall number of connec-
tions in the network.

Separating intervention participants into responder and non-
responder subgroups highlights that the intervention achieved a
desirable outcome for approximately 40% of participants, but
that many who received the intervention did not benefit to this
level. Moreover, changes in correlation patterns from baseline to
post-intervention were quite different for these two subgroups.
Modeling the intervention participants as a single group would
have missed the hypothesized disruption to key symptom associa-
tions that were detected in the present study for the responder
subgroup, and may partially account for unexpected results
from prior attempts to investigate reductions in networks post-
intervention (e.g. Beard et al., 2016; Smith et al., 2019).

More explicit declaration of the pathways expected to be dis-
rupted by intervention enables broader interrogation of whether
the intervention worked as intended. Though replication is
needed to establish stability of key findings, we make several pre-
liminary points about what the current study’s results may suggest
for our CBT-based intervention. The intervention seems to pro-
duce positive changes in severity levels for a range of ED symp-
toms and mental health correlates, but has a modest impact on
reducing strength of association among these symptoms. As
articulated earlier, we hypothesized only three of 28 associations
to be disrupted in this way by the intervention, and there were
some positive findings supportive of this. Even so, if disruption
to strength of symptom associations is important to initial and
sustained symptom improvement for participants as proposed
by network theory (Hilbert et al., 2020), then efforts may be
needed to incorporate more treatment content that may reduce
associations among a wide array of symptoms than demonstrated
for our CBT-based intervention.

Further, the intervention was ineffective in reducing the asso-
ciation between body dissatisfaction and binge eating. Inspection
of this correlation at baseline and post-intervention shows that the
relationship was already close to zero, and may thus have not
benefitted from interventional messages to reduce the functional
relationship between this type of domain-specific negative emo-
tion and binge eating. The increased strength of associations
between depressive symptoms and both dietary restraint and
overvaluation certainly was not an intended outcome for this
intervention, and thus also merits consideration. Given that
these symptoms reduced for the responder group, the increased
correlations may reflect closer coupling of low levels of depressive
symptoms and low levels of dietary restraint at post-intervention.
Further, reduced correlation between body dissatisfaction and
preoccupation was surprising as the intervention had limited con-
tent attempting to reduce preoccupation.

Findings should be interpreted with caveats of several study
limitations. First, as intervention groups were defined by change
over time, there is potential non-equivalence of groups in this
study. While we observed no significant group differences in
our key correlations (binge eating with dietary restraint, body dis-
satisfaction, and negative mood) at baseline, baseline mean and
variability of binge eating was higher for the responder group.

Reductions in symptomsdue to the intervention may thus also
influence associations with other variables. Even so, negative asso-
ciations were observed at post-intervention between variability in
symptoms and level of variance explained, suggesting that this dif-
ference in variability may not have had a pronounced effect on
hypothesis testing in the current study. Second, although accept-
able levels of stability were observed in our present study for net-
work centrality metrics, sample sizes were small (especially for the
intervention arms). Present findings should thus be viewed as pre-
liminary until replication in larger, independent samples.

Third, as is common for intervention studies, efficacy was eval-
uated at the group level rather than per participant. Ecological
momentary assessment (EMA) paradigms in which participant
data are collected throughout the intervention period may provide
more fine-grained and individual-level (idiographic; e.g. Howe,
Bosley, & Fisher, 2020) data to enable evaluation of for whom
and how many individuals exhibit the proposed disruptions to
intervention-targeted symptom associations. Such an individual-
level perspective might enable tailoring of the intervention to spe-
cific relationships that may differ across individuals.

Fourth, a limitation is that our analyses are based on cross-
sections of data, enabling snapshots in time rather than modeling
change as a dynamic process. Analytic approaches (e.g. network
slope analysis; Nicholas, Cusack, & Levinson, 2023) and study
designs (e.g. intensive longitudinal designs; Howe et al., 2020)
may allow researchers to address complementary questions
about timing of a change in symptom and symptom relationships
consistent with a ‘disruption’ perspective of symptom networks.

A fifth limitation concerns the limited number of symptoms
assessed as part of the network models. For example, we used a
brief two-item measure of depression as a proxy for negative
mood states, which may be an imperfect measure of this construct
and its features that are thought to contribute to binge eating.
Future research would benefit from replicating our approach by
testing a broader range of symptoms, risk factors, and putative
mechanisms.

A sixth limitation concerns the homogenous sample with
respect to sociodemographic characteristics. Present findings
may not necessarily generalize to persons of different genders,
racial backgrounds, or educational history. Replication among
broader samples is required.

Despite this, findings are broadly consistent with our conten-
tion that study design and analytic approach influence ability to
test network theory predictions with fidelity. We thus make sev-
eral recommendations for future network theory-driven interven-
tional studies:

(i) More detailed articulation of which symptom associations
are expected to be disrupted by one’s intervention. This
should include detailing the treatment content designed to
produce this disruption. Some studies may fail to observe
network theory-predicted disruptions to the network
because the intervention’s mechanism of action is antecedent
reduction rather than disruption of symptom associations.
Others may fail to observe the effect, particularly if using
global strength metrics, because the number of associations
expected to be disrupted is a small subset of the total number
of symptom associations within one’s network.

(ii) It is possible that these disruption-focused interventional
approaches are uncommon in psychological treatments.
Appropriate testing of this component of network theory
will require a careful inventory of treatments that purport
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to work in ways proposed by network theory. In the absence
of plausible candidates, researchers may also need to
devise new interventions to enable testing of network theory
predictions about the importance of disrupting symptom
associations.

(iii) Broadening the range of statistical tests conducted in testing
of these interventional effects. Global statistics may be too
insensitive to detect meaningful changes in the symptom
network post-intervention. Changes in variability and het-
erogeneity in treatment responsiveness may also create stat-
istical artifacts that mask effects that are present in one’s
data. In combination, checks for variability and its associ-
ation with variance explained, bivariate correlations among
symptoms within and across time, and more standard net-
work analysis statistics are likely to yield a more complete
picture than network analysis statistics alone.

(iv) Other study designs are needed to further interrogate the
value of disrupting symptom association in a treatment con-
text. A common network theory-based argument is that the
high rate of relapse in psychological conditions may be due
to failure to disrupt symptom associations (Lorimer,
Delgadillo, Kellett, & Brown, 2020); though symptoms may
initially reduce, gradual increases in antecedents could
ultimately lead to return of symptom levels. Head-to-head
comparisons between interventions designed to cause dis-
ruption v. those designed to reduce symptoms would help
to confirm or disconfirm the hypothesis that disruption to
symptom associations is important for preventing symptom
(or condition) relapse. Longer-term follow-ups in studies
employing these disruptive interventions would also help
to determine whether disruptions at post-intervention pro-
mote maintained symptom improvements across longer
time horizons.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291724000813
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