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Abstract
Objective: Eating disorders (EDs) and social anxiety disorder (SAD) are highly co-occurring. This

comorbidity is extremely relevant, given that individuals with comorbid ED-SAD are less likely

to seek and/or benefit from ED treatment.

Method: We used network analysis to conceptualize ED-SAD comorbidity in a sample of 2,215

participants with a primary diagnosis of ED, SAD, or no known diagnosis. We used novel net-

work analyses methods to select symptoms for our models, identify potential illness pathways

(i.e., bridge symptoms) between disorders and underlying vulnerabilities (e.g., perfectionism,

social appearance anxiety), and to compare across sample types (e.g., clinical vs. nonclinical). We

also tested several novel network analyses methods aimed at the following methodological con-

cerns: (a) topological concerns (i.e., which items should be included in NA models), (b) how to

use empirical indices to quantify bridge symptoms and (c) what differences in networks across

samples mean.

Results: We found that difficulty with drinking beverages and eating in public were bridge

symptoms between ED and SAD. We also found that feeling nervous about one's appearance

was a bridge symptom.

Conclusions: We identified public eating and drinking as bridge symptoms between EDs and

SAD. Future research is needed to test if interventions focused on public eating and drinking

might decrease symptoms of both EDs and SAD. Researchers can use this study (code provided)

as an exemplar for how to use network analysis, as well as to use network analysis to conceptu-

alize ED comorbidity and compare network structure and density across samples.
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1 | INTRODUCTION

Social anxiety disorder (SAD) and eating disorders (EDs) are highly

comorbid (Pallister & Waller, 2008), with SAD being the most fre-

quently diagnosed anxiety disorder among individuals with EDs

(Swinbourne et al., 2012). This comorbidity is vitally relevant, given

that individuals with an ED and comorbid SAD are less likely to seek

treatment for their ED and less likely to benefit from treatment once

admitted (Godart, Flament, Lecrubier, & Jeammet, 2000; Godart et al.,

2003; Goodwin & Fitzgibbon, 2002). Further, social anxiety has been

found to confer risk for EDs, even when controlling for gender, body

mass index, depression, and negative affect (Levinson et al., 2013).

Received: 12 January 2018 Revised: 6 May 2018 Accepted: 14 May 2018

DOI: 10.1002/eat.22890

Int J Eat Disord. 2018;1–17. wileyonlinelibrary.com/journal/eat © 2018 Wiley Periodicals, Inc. 1

http://orcid.org/0000-0002-8098-6943
http://orcid.org/0000-0002-5878-3007
mailto:cheri.levinson@louisville.edu
http://wileyonlinelibrary.com/journal/eat


Traditional methods of conceptualizing this comorbidity have focused

on using structural equation modeling to develop models outlining

shared vulnerabilities between EDs and SAD (Levinson & Rodebaugh,

2012, 2016; Levinson et al., 2013). These models have fulfilled a cru-

cial gap in our understanding, showing that maladaptive perfectionism

(characterized by unforgiving, self-critical thoughts) and social appear-

ance anxiety (fear of negative evaluation focused specifically on

appearance) are important vulnerabilities that are related to and pro-

spectively predict symptoms of both EDs and SAD (Levinson & Rode-

baugh, 2012, 2015; Levinson et al., 2013).

Although these models are important, they do not provide insight

into (a) the specific symptoms that maintain comorbid ED-SAD and

(b) the precise illness pathways (bridge symptoms) that connect symp-

toms of one disorder to the other. Advances in statistical methods,

such as network analysis, allow us to now test these previously unan-

swerable questions (Borsboom and Cramer, 2013; McNally, 2016).

Network analysis is a statistical technique derived from network the-

ory that is designed to allow the inclusion of a large number of symp-

toms and pathways (Cramer, Waldorp, van der Maas, & Borsboom,

2010, Borsboom and Cramer, 2013; Fried et al., 2017; McNally,

2016). Therefore, network analysis, applied to psychopathology,

allows inclusion of many different symptoms and illness pathways.

Network conceptualization of mental disorders focus on mental illness

as a network of connecting symptoms that interact and maintain dis-

orders. For example, depression is conceptualized as arising from

interactions between symptoms (e.g., lack of concentration leads to

difficulty sleeping, which leads to fatigue) rather than caused by an

underlying disease of “depression” (Borsboom and Cramer, 2013).

Network analysis has been suggested as a means to identify both

(a) core maintaining symptoms and (b) illness pathways. Please see

Figure 1 for a depiction of a traditional latent variable model versus a

network model of psychopathology.

Network analysis is specifically relevant for the understanding of

comorbidity because we can directly examine how symptoms of one

disorder may contribute to symptoms of another disorder (Cramer

et al., 2010). For example, a network analysis on post-traumatic stress

disorder (PTSD) and major depressive disorder (MDD) found that

sleep problems, irritability, concentration problems, and loss of inter-

est bridged between PTSD and MDD (Afzali et al., 2017). Identifying

illness pathways that cross between disorders can help clinicians

identify targets for intervention that could potentially disrupt the flow

from one illness to the other. To date, in the ED literature, network

analysis has only been applied to examine the overlap of bulimia ner-

vosa symptoms and general symptoms of anxiety and depression in a

clinical sample of individuals with bulimia nervosa (Levinson et al.,

2017). These authors found that physical sensations, such as dizziness

and changes in appetite, bridged between bulimic symptoms and

symptoms of anxiety and depression. This study showed how network

analysis can be used to identify illness pathways that may be modifi-

able targets to disrupt the relationship between EDs and comorbid

disorders.

As mentioned above, one of the most common overlapping dis-

orders with EDs is SAD, with estimates suggesting that up to 68% of

individuals with an ED diagnosis also meet criteria for SAD (Grant

et al., 2005; Pallister & Waller, 2008). Several questions regarding ED

comorbidity remain unanswered, specifically regarding ED-SAD

comorbidity. First, network analysis has not yet been used to concep-

tualize comorbidity between EDs and symptoms of specific anxiety

disorders, such as SAD. It is unknown what the maintaining symp-

toms are in ED-SAD comorbidity and what specific illness pathways

bridge symptoms of ED and SAD. Furthermore, we do not know

which specific symptoms should be included in models of comorbid-

ity or how to choose which symptoms to include (a question that has

not yet been answered in the network analysis field in general) (i.e.,

topological overlap: Fried & Cramer, 2017). Finally, it is unclear if ED-

anxiety disorder (specifically SAD) comorbidity differs based on type

of sample. In other words, does comorbidity manifest differently

based on if the sample has a clinical diagnosis or is from a community

population?

To date, no research using network analysis has been applied to

comorbidity between EDs and SAD (or, for that matter, between ED

and any anxiety disorder). In the current study, we used network analy-

sis to conceptualize comorbidity between EDs and SADs in a very large

sample (N = 2,215) consisting of participants with a primary diagnosis

of an ED, primary diagnosis of SAD, or non-clinical, community partici-

pants. The goals of this study are to (a) show how network models can

be created to conceptualize comorbidity and to identify potential main-

taining symptoms of comorbidity, (b) use a novel, previously unused

technique that incorporates a theoretical and empirical algorithm to

decide which symptoms should be included in the model, (c) use a

FIGURE 1 A comparison of latent variable model (left) and network theory model (right) of depression. N = 2,215. Latent variable models specify

that depression arises from a common underlying vulnerability, whereas a network model specifies that depression consists of a series of inter-
related symptoms that interact and maintain depression
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novel method to identify specific illness pathways (bridge symptoms)

between disorders and if those symptoms significantly differ in impor-

tance from other symptoms in the model, and (d) demonstrate how a

network comparison test can be used to understand differences

between clinical and nonclinical samples. We also used the ED and

SAD models to test several methodological aims, including

(a) topological concerns (i.e., what items should be included in NA

models), (b) how to use empirical indices to quantify bridge symptoms

and (c) what differences in networks across types of samples mean.

Ultimately, by using these novel methods, we hope to uncover the fac-

tors that maintain ED-SAD comorbidity and underlying vulnerabilities.

To achieve these goals, we created three models of comorbidity.

Our first model included only symptoms of SAD and EDs. The second

and third models included underlying vulnerabilities (e.g., one model

with social appearance anxiety and one model including perfection-

ism). We chose a priori to include three separate models for several

reasons. First, we wanted to identify central symptoms in a network

of SAD and ED symptoms alone (without any underlying vulnerabil-

ities). Second, we then wanted to include the two vulnerabilities (per-

fectionism and SAA) for both SAD and ED symptoms to identify

central symptoms (in a separate network) including these vulnerabil-

ities. We a priori decided to include these vulnerabilities in two sepa-

rate networks because of both power considerations and theoretical

reasoning. Given best practice recommendations in the NA field, it is

preferable to use fewer nodes and larger sample sizes to increase

power. Additionally, theoretically we conceptualized that these vul-

nerabilities may interact with SAD and ED symptoms differently in

singularity versus if both were included (i.e., you may have individuals

who have one but not the other vulnerability). A model with all con-

structs (SAD, ED, perfectionism, and social appearance anxiety) is

included in the appendix. All code used in this study is available in the

appendix to re-create and replicate our analyses. Data is available

upon request from the first author. We hypothesized that there would

be several SAD symptoms related to eating that bridged between

SAD and ED symptoms, specifically the fear of eating in public. We

also hypothesized that items from the perfectionism and social

appearance anxiety scales would serve as bridge symptoms between

SAD-ED comorbidity.

2 | METHOD

2.1 | Participants

Participants (N = 2,215) were clinical (n = 508; diagnosed with a pri-

mary diagnosis of an ED: n = 362 or SAD: n = 146), community (n =

327), and undergraduate (n = 1,380) participants combined from four-

teen datasets collected at five separate sites. All participants diag-

nosed with an ED or SAD were diagnosed with at least one structured

clinical interview. About 254/359 (70.8%) of participants with a pri-

mary diagnosis of ED met criteria for comorbid SAD and 33/146

(22.6%) of participants with a primary diagnosis of SAD met criteria

for an ED. Please see Table 1 for full demographic information and

description of samples. For more information on recruitment of the

clinical sample and clinical samples characteristics please see Levinson

et al., 2015; Rodebaugh et al., 2013; Rodebaugh et al., 2014.

2.2 | Measures

2.2.1 | Symptoms of social anxiety disorders

Symptoms of SAD were assessed using items from the Social Interac-

tion Anxiety Scale (SIAS) and the Social Phobia Scale (SPS).

Social Interaction Anxiety Scale

The Social Interaction Anxiety Scale (SIAS; Mattick & Clarke, 1998)

includes 20 items that assess anxiety reported across a range of social

situations. The scale has good reliability and good construct and con-

vergent validity (Heimberg & Turk, 2002). Example items included in

the network from this scale are: I have difficulty making eye-contact

with others and I become tense if I have to talk about myself or my feel-

ings. Please see Table 2 for a full list of included items.

Social Phobia Scale

The Social Phobia Scale (SPS; Mattick & Clarke, 1998) includes

20 items that assess fear of scrutiny during everyday activities. The

SPS has been shown to have good internal consistency and test–

retest reliability (Mattick & Clarke, 1998). Example items included in

the network from this scale are: I get panicky that others might see me

faint, or be sick or ill and It would make me feel self-conscious to eat in

front of a stranger at a restaurant.

2.2.2 | Eating disorder symptoms

Eating disorder symptoms were assessed using the Eating Disorder

Inventory-II (EDI-II) and the Eating Disorder Examination

Questionnaire-IV (EDE-Q-IV).

The Eating Disorder Inventory-II (EDI-II)

The EDI-II (Garner, Olmstead, & Polivy, 1983) is comprised of 91 items

and is frequently used by clinicians to assess eating disorder symp-

toms (Brookings & Wilson, 1994). In the current study only the body

dissatisfaction, drive for thinness, and bulimia symptoms subscales

were administered. The EDI-II has been shown to have good internal

consistency and good convergent and discriminant validity (Garner

et al., 1983). Example items in the network from this scale include: I

think that my stomach is too big and If I gain a pound, I worry that I will

keep gaining.

Eating Disorder Examination Questionnaire-IV (EDE-Q-IV)

The EDE-Q (Fairburn & Beglin, 1994) is the self-report questionnaire

version of the Eating Disorder Examination semi-structured interview

(Cooper & Fairburn, 1993). The EDE-Q assesses eating disorder

thoughts and behaviors from the past 28 days. The EDE-Q has been

shown to have good reliability and validity (Cooper & Fairburn, 1993;

Mond, Hay, Rodgers, Owen, & Beumont, 2004). Example items

included in the network from this scale are: Has your shape influenced

how you think about (judge) yourself as a person? and Have you

attempted to avoid eating any foods which you like in order to influence

your shape or weight?
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2.2.3 | Social Appearance Anxiety

Social Appearance Anxiety Scale

The Social Appearance Anxiety Scale (SAAS; Hart et al., 2008) is

comprised of 16 items that assess anxiety about being judged

negatively on one's overall appearance. The SAAS demonstrates

high test–retest reliability, good internal consistency, and good

factor validity (Hart et al., 2008; Levinson & Rodebaugh, 2011).

Example items included in the network from this scale are: I

worry that others talk about flaws in my appearance when I am not

around and I get nervous when talking to people because of the way

I look.

2.2.4 | Perfectionism

The Frost Multidimensional Perfectionism Scale

The Frost Multidimensional Perfectionism Scale (FMPS; Frost, Marten,

Lahart, & Rosenblate, 1990) is a 35-item measure that measures six

TABLE 1 Participant demographic information (N = 2,215)

Clinical (n = 508) Nonclinical (n = 1,707)

n (%) n (%)

ED SAD Community Undergraduate

Study

Study 1 299 (13.5)

Study 2 251 (11.3)

Study 3 160 (7.2)

Study 4 156 (7.0)

Study 5 236 (10.7)

Study 6 71 (3.2) 56 (2.5)

Study 7 131 (5.9)

Study 8 168 (7.6)

Study 9 397 (17.9)

Study 10 102 (4.6)

Study 11 33 (1.5)

Study 12 42 (1.9) 21 (0.9)

Study 13 47 (2.1)

Study 14 45 (2.0)

Total 362 (16.3) 146 (6.6) 328 (14.8) 1379 (62.3)

n (%) M (SD) Range n (%) M (SD) Range

Age 30.49 (12.07) 14–64 24.39 (12.31) 17–83

Gender

Female 442 (87.0) 1430 (83.8)

Male 62 (12.2) 200 (11.7)

Not Reported 4 (0.8) 77 (4.5)

Ethnicity

White 409 (80.5) 1122 (65.7)

African American 53 (10.4) 136 (8.0)

Hispanic 11 (2.2) 68 (3.9)

Asian 11 (2.2) 210 (12.3)

Multiracial 16 (3.1) 62 (3.6)

American Indian/ Alaskan Native 0 (0.0) 1 (0.6)

Other 0 (0.0) 24 (1.4)

Not Reported 8 (1.6) 84 (4.9)

ED Diagnosis

AN 287 (79.2)

BN 35 (9.7)

BED 11 (3.0)

OSFED 47 (13.0)

Not Reported 2 (0.5)

Note. ED = clinical eating disorder, SAD = clinical social anxiety disorder, AN = anorexia nervosa, BN = bulimia nervosa, BED = binge eating disorder,
OSFED = other specified feeding and eating disorder. Study 1 = Levinson & Rodebaugh (2012); Study 2 = community dataset; Study 3 = Levinson &
Rodebaugh (2015); Study 4 and Study 5 = Levinson et al. (2014); Study 6 = Rodebaugh et al. (2014); Study 7 = Sala et al. (2017); Study 8 = Levinson
et al. (2017); Study 9 = ongoing undergraduate unpublished dataset; Study 10 = ongoing clinical unpublished dataset; Study 11 = Rodebaugh, Lenze,

and Levinson (2014); Study 12 = Rodebaugh et al. (2013); Study 13 = Levinson et al. (2015); Study 14 = Levinson et al. (2018).
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TABLE 2 Items included in network

Abbreviation Item Scale

Social anxiety

Public toilet I become self-conscious when using public toilets SPS

Listen voice I can suddenly become aware of my own voice and of others
listening to me

SPS

Enter room I feel self-conscious if I have to enter a room where others are
already seated

SPS

See faint I get panicky that others might see me faint, or be sick or ill SPS

Drink public I would find it difficult to drink something if in a group of people SPS

Eat public It would make me feel self-conscious to eat in front of a stranger
at a restaurant

SPS

Carry tray I would get tense if I had to carry a tray across a crowded
cafeteria

SPS

Lose control I worry I'll lose control of myself in front of other people SPS

Attract attention I worry I might do something to attract the attention of other
people

SPS

People watching I feel awkward and tense if I know people are watching me SPS

Eye contact I have difficulty making eye contact with others. SIAS

Talk feelings I become tense if I have to talk about myself or my feelings. SIAS

ED symptoms

Big stomach I think that my stomach is too big. EDI

Guilty overeat I feel extremely guilty after overeating. EDI

Binge eat I have gone on eating binges where I felt that I could not stop. EDI

Stuff I eat moderately in front of others and stuff myself when they are
gone.

EDI

Desire thin I am preoccupied with the desire to be thinner. EDI

Vomit I have thought of trying to vomit in order to lose weight. EDI

Keep gain wt If I gain a pound, I worry that I will keep gaining. EDI

Restrict Have you been consciously trying to restrict the amount of food
you eat to influence your shape or weight?

EDE-Q

Fast Have you gone for long periods of time (8 hours or more) without
eating anything in order to influence your shape or weight?

EDE-Q

Avoid foods Have you attempted to avoid eating any foods which you like in
order to influence your shape or weight?

EDE-Q

Food rules Have you attempted to follow definite rules regarding your eating
in order to influence your shape or weight; for example, a
calorie limit, a set amount of food, or, rules about what or when
you should eat?

EDE-Q

Food interfere Has thinking about food or its calorie content interfered with your
ability to concentrate on things you are interested in: for
example, read, watch TV or follow a conversation?

EDE-Q

Fear stop eat Have you had a definite fear that you might not be able to either
resist eating or stop eating?

EDE-Q

Fear gain wt Have you had a definite fear that you might gain weight or
become fat?

EDE-Q

Felt fat Have you felt fat? EDE-Q

Wt judge Has your weight influenced how you think about (judge) yourself
as a person?

EDE-Q

Shape judge Has your shape influenced how you think about (judge) yourself
as a person?

EDE-Q

Ppl see eat How concerned have you been about other people seeing you
eat? (only select 4, 5, or 6 if you have avoidedsome occasions.)

EDE-Q

See body How uncomfortable have you felt seeing your body; for example,
in the mirror, in shop window reflections, while undressing or
taking a bath or shower? (only select 4, 5, or 6 if you have
avoided some occasions.)

EDE-Q

Others see body How uncomfortable have you felt about others seeing your body;
for example, in communal changing rooms, when swimming or
wearing tight clothes? (only select 4, 5, or 6 if you have avoided
some occasions.)

EDE-Q

(Continues)
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dimensions of perfectionism. The FMPS has good internal consis-

tency, reliability, and correlates highly with other measures of perfec-

tionism (Frost, Marten, Lahart, & Rosenblate, 1990). Items from the

concern over mistakes and personal standards subscales were

included in the network. Example items include: I should be upset if I

make a mistake and If I do not set the highest standards for myself, I am

likely to end up a second rate person.

2.3 | Data analytic plan

2.3.1 | Missing data

Missing data were handled using imputation, conducted using the

mice package in R according to current best practices for handling

missing data within network analysis (van Buuren & Groothius-

Oudshoorn, 2011). Please see the Appendix for the code used. We

had 29.42% of our data missing, which is similar to other large studies

involving multiple clinical and non-clinical samples.

2.3.2 | Item selection

Topological overlap

One problem facing network analysis has been which items to include

in a network (Fried and Cramer, 2016). Networks have thus far usually

included all items from a given measure (e.g., all items in the EDE-Q)

or handpicked items based on what the authors decide are relevant.

However, it has been suggested that if two items are too similar in

content (i.e., if they represent the same symptom), then it may artifi-

cially create or obscure relationships in the network that are not rep-

resentative of how these symptoms might otherwise be related

(Fried & Cramer, 2016). In order to address this concern, first nine

trained individuals together in a group setting reviewed all measures’

items (EDI-2, EDE-Q, SIAS, SPS, FMPS, and SAAS) and selected items

from each questionnaire that were hypothesized to represent unique

symptoms. For example, the EDI-2 and the EDE-Q both have items

addressing binge eating, but only one item was retained as a measure

of binge eating. We then further addressed this concern using a novel

TABLE 2 (Continued)

Abbreviation Item Scale

Social appearance anxiety

Appearance reject I am concerned people would not like me because of the way I
look.

SAAS

Appearance flaws I worry that others talk about flaws in my appearance when I am
not around.

SAAS

Appearance difficult I worry that my appearance will make life more difficult for me. SAAS

Appearance opport I am concerned that I have missed out on opportunities because
of my appearance.

SAAS

Nervous appearance I get nervous when talking to people because of the way I look. SAAS

Appearance comment I feel anxious when other people say something about my
appearance.

SAAS

Appearance standards I am frequently afraid I would not meet others' standards of how I
should look.

SAAS

Appearance judge I worry people will judge the way I look negatively. SAAS

Notice flaws I am uncomfortable when I think others are noticing flaws in my
appearance.

SAAS

Appearance abandon I worry that a romantic partner will/would leave me because of
my appearance.

SAAS

Perfectionism

High standards If I do not set the highest standards for myself, I am likely to end
up a second rate person.

FMPS

Work failure If I fail at work/school, I am a failure as a person. FMPS

Upset mistakes I should be upset if I make a mistake. FMPS

So1meone better If someone does a task at work/school better than me, then I feel
like I failed the whole task.

FMPS

All-or-nothing perfect If I fail partly, it is as bad as being a complete failure. FMPS

Think less mistake People will probably think less of me if I make a mistake. FMPS

Perfect inferior If I do not do as well as other people, it means I am an inferior
human being.

FMPS

Removed

If I do not do well all the time, people will not respect me. FMPS

The fewer mistakes I make, the more people will like me. FMPS

I hate being less than the best at things. FMPS

I get nervous that people are staring at me as I walk down the
street

SPS

I worry about expressing myself in case I appear awkward SIAS

6 LEVINSON ET ?AL.



data driven approach, representing a novel methodology (in fact, the

first time this method has been used) in NA. In R, this novel statistical

approach was used to determine whether each item was a unique

symptom by comparing correlations using the goldbricker function in

R package networktools (Jones, 2017), which wraps the R package

cocor (Diedenhofen & Musch, 2015). Our team a priori decided to use

a combined theoretical and empirical approach. We used goldbricker

for all measures.

The goldbricker approach compares dependent overlapping corre-

lations. For example, if we wanted to know whether the items we had

selected as binge eating and overeating were capturing different

symptoms, we might compare the correlation of binge eating with a

third variable, such as desire for thinness, and the correlation of over-

eating with desire for thinness. If the two correlations are significantly

different, we have a piece of evidence that suggests that binge eating

and overeating capture different symptoms. In practice, we used not

only desire for thinness, but compared the correlation of binge eating

with each item in our dataset (54 items) to the correlation of overeat-

ing with each item in our dataset (54 items). We can then generate a

proportion of correlations that were determined to be significantly

different. If a certain proportion of correlations is found to be signifi-

cantly different, we can then hypothesize that the two items are prob-

ably different symptoms because they appear to have unique

correlations with the other variables in the network. Goldbricker is

best implemented when trained individuals have already theoretically

removed items for topological content overlap. Otherwise, it can out-

put pairs that theoretically seem meaningless. As with all data-driven

approaches, there is some researcher-guided judgment involved,

including (a) choosing a method to compare correlations, (b) setting a

p values threshold for significance, and (c) determining which propor-

tion of unique correlations we consider necessary to differentiate vari-

ables. In addition, the higher the sample size, the more likely it is that

the variables will appear unique (i.e., one achieves greater power to

find differences). Thus, the results of goldbricker can be interpreted in

a similar way to the interpretation of a scree plot in principal compo-

nents analysis: decisions are driven by data, but combined with theo-

retical judgments regarding exact cut-off points (Costello & Osborne,

2005). In the current study, we used 0.25 as our significant proportion

for inclusion and .01 as our p values for determining statistical signifi-

cance (Hittner, May, & Silver, 2003).

Glasso networks

All three networks were estimated using the EBICglasso function in

the qgraph package (Epskamp et al., 2012) and script from Epskamp

(2014). We used the entire dataset (N = 2,215) for each network.

Glasso networks compute partial-correlation networks, meaning that

relationships between symptoms account for all other relationships in

the model (i.e., a very large multiple regression). Indices of centrality

(to identify primary maintaining symptoms) were calculated using the

centralityPlot and centralityTable functions in qgraph (Epskamp et al.,

2012). For more details on glasso networks see Friedman, Hastie, &

Tibshirani (2008) and Costantini et al. (2015). We computed three dif-

ferent networks. First, we computed a network that included only

SAD and ED symptoms. Next, we computed two additional networks

including vulnerabilities for SAD and ED symptoms: One network

including SAD, ED, and social appearance anxiety and another net-

work including SAD, ED, and perfectionism.

Stability

We calculated stability, which can be thought of as determining the

internal reliability of the network. We tested the stability of the SAD-

ED networks using the R package bootnet (Epskamp, Maris, Wal-

dorp, & Borsboom, 2016). We computed edge weight stability and

stability of all centrality indices and calculated the centrality stability

coefficients. The centrality stability coefficient represent the maxi-

mum proportion of cases that can be dropped so that there is 95%

probability that the correlation between original centrality indices and

centrality of networks based on subsets is 0.7 or higher. It is sug-

gested that for interpretation of centrality stability coefficient should

be above .50 (Epskamp, Borsboom, & Fried, 2018).

Centrality and difference testing

Additionally, three commonly used indices of centrality were calcu-

lated: betweenness, closeness, and strength (McNally, 2016). The

qgraph package in R is used to calculate these indices (Epskamp et al.,

2012). Using the R package bootnet (Epskamp et al., 2016), we per-

formed node centrality difference tests to determine whether the

nodes that have higher centrality statistics are in fact significant dif-

ferent from other nodes with lower values (Epskamp et al., 2017). In

other words, we were able to determine not only if symptoms were

highly central, but if they were significantly more central than other

symptoms in the network. Subsequently, in our results, we are report-

ing only the central nodes that were statistically different from most

other nodes (approximately 85%–92% of other nodes). We reported

the most highly central symptoms as those that were significantly

more central according to this difference test.

Bridge symptoms

Bridge symptoms between disorders can be identified using bridge

centrality statistics (Jones, Ma, & McNally, 2018). We showed how

novel methods using empirical estimates can determine bridge symp-

toms between disorders. With few exceptions (Heeren, Jones, &

McNally, 2017), previous studies have identified bridge symptoms by

selecting items either visually or with the strongest partial correlations

with other symptoms. We used the bridge function of the network-

tools package (Jones, 2017) which instead quantifies partial correla-

tions between symptoms to calculate two centrality metrics: bridge

strength and bridge expected influence. Bridge centrality statistics

quantify the connectivity between multiple communities of nodes.

These communities can be determined by a community analysis based

on network structure, or can be determined by definitions that are of

interest to the researcher (e.g., different psychiatric syndromes; differ-

ent group membership in a social network).

Each community in this analysis represented a condition of inter-

est: eating disorder symptoms, social anxiety, social appearance anxi-

ety, and perfectionism. The bridge function allows the user to define

communities as clusters of symptoms. For example, if ED and SAD

symptoms are included, all ED items are identified as community one,
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and SAD items as community two. When there are more than two

communities in one network, the bridge strength applies to a node's

connection to all nodes in the other two communities that that node

does not belong to.

Bridge strength is defined as the sum of the absolute value of all

edges that exist between a node and all nodes that are not in the

same community. Bridge expected influence (one-step) is defined as

the sum of the value (+ or -) of all edges that exist between a node

and all nodes that are not in the same community as the node (Jones,

2017; Robinaugh, Millner, & McNally, 2016). Thus, bridge expected

influence accounts for how positive and negative edges can neutralize

each other. For example, if fasting is positively linked to desire for

thinness (r = .6) and negatively to binge eating (r = –.3), then the regu-

lar strength centrality for fasting will be 0.9 (sum of absolute values of

those edges). However, bridge expected influence for fasting would

be 0.3 because value of the negative edge is subtracted from the

value of the positive edge. Thus, high bridge expected value would

indicate that the node is strongly and positively connected to other

nodes.

2.3.3 | Comparison between clinical and nonclinical
samples

Finally, we conducted network comparison tests (NCTs) for each net-

work (i.e., SAD-ED, SAD-ED-social appearance anxiety, and SAD-ED-

perfectionism) using the NetworkComparisonTest package in R (van

Borkulo et al., 2015) to determine whether the networks for clinical

versus non-clinical samples were significantly different. The NCT tests

invariant network structure and invariant global strength. The invari-

ant network structure test uses an omnibus test to see if any edges in

the two networks are significantly different after multiple testing cor-

rections. In the invariant global strength test, global strength as

defined as the weighted absolute sum of all edges in the network is

compared across networks (i.e., the strength of the connections

between symptoms). For more information see van Borkulo et al.

(2017). Thus, using the NCT, it is possible to test if the same symp-

toms are connected and how strongly symptoms are connected in

clinical versus nonclinical samples. In other words, we are able to

determine if networks significantly vary based on the type of sample.

3 | RESULTS

All analyses code are presented in the appendix. Dataset is available

upon request from the first author.

3.1 | Item selection (topological overlap of items)

Please see Table 2 for the final items included in the network from

the SIAS, SPS, SAAS, EDI-2, EDE-Q, FMPS. Based on the theoretical

approach described in Section 2, 54 items were selected (i.e., three

SIAS items, 11 SPS items, 10 SAAS items, seven EDI-2 items, 13 EDE-

Q items, and 10 FMPS items). Then, the dependent correlation analy-

sis was conducted (goldbricker), which revealed five pairs of items that

were overlapping, suggesting that they were similar constructs. One

item from each of these pairs was then removed, resulting in a

removal of five items from the network: one SIAS item, one SPS item,

and three FMPS items. After the removal of these items, a total of

49 symptoms (i.e., items) were included in the network.

3.2 | Stability of networks

Stability of edge weights for all three networks was good (based on

suggested value above .50; Epskamp et al., 2018) with moderate edge

weight confidence intervals. Centrality stability coefficients were

good. Network 1: strength = 0.60, closeness = 0.75, betweenness =

0.36. Network 2: strength = 0.67, closeness = 0.67, betweenness =

0.44. Network 3: strength = 0.75, closeness = 0.75, betweenness =

0.52. Given that strength and closeness had the highest stability, we

focus on these indexes of centrality for interpretation, with the most

emphasis on strength, given prior research has found better stability

and replicability for strength (Epskampet al., 2017). We also compare

stability between our models in the appendix.

3.3 | Centrality and bridge symptoms

3.3.1 | Network 1 (SAD and ED symptoms)

Please see Figure 2 for the network and Figure 3 for the centrality

plot. In this first network including only SAD and ED symptoms, the

symptoms with the highest Strength centrality were: others watching

you drink in public (SAD symptom; strength (S) = 2.78, closeness

(C) = 1.31) and binge eating (ED symptom; S = 2.32, C = 1.26).

According to the strength centrality difference test, these strength

centrality estimates were not significantly different from one another

(ps > .05), but they were significantly higher than 91% and 88% of the

other estimates, respectively (p < .05).

The following bridge symptoms between SAD and ED symptoms

were identified: others watching you drink in public (SAD symptom;

Bridge Strength [BS] = 0.76), eating in public (SAD symptom; BS =

0.53), and others seeing you eat (ED symptom; BS = .46). The follow-

ing symptoms had the highest bridge expected influence: eating in

public (SAD symptom; EI = 0.19) and other people seeing you eat

(ED symptom; EI = 0.20).

3.3.2 | Network 2 (SAD, ED, and social appearance
anxiety)

Please see Figure 4 for the network and Figure 5 for the centrality

plot. In this network including SAD, ED, and social appearance anxiety

symptoms, the two symptoms with the highest strength centrality

were others watching you drink in public (SAD symptom; S = 3.50,

C =2.26) and binge eating (ED symptom; S = 2.18, C = 0.88) . The

strength centrality estimates of others watching you drink in public

and binge eating were not significantly different from each other (ps >

.05), but were significantly higher than the centrality estimates of

95% and 88% of other items in the network, respectively (p < .05).

The following bridge symptoms between SAD, ED, and SAA

symptoms were identified based on BS: others seeing you drink in

public (SAD symptom; BS = 0.77), other people seeing you eat

(ED symptom; BS = 0.55), and eating in public (SAD symptom; BS =

0.47). The following symptoms had the highest bridge expected
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influence: other people seeing you eat (ED symptom; EI = 0.26) and

feeling nervous about your appearance (SAA symptom; EI = 0.28).

3.3.3 | Network 3 (SAD, ED, and perfectionism)

Please see Figure 6 for the network and Figure 7 for the centrality

plot. In this network including social anxiety, eating disorder, and per-

fectionism symptoms, the two symptoms with the highest strength

centrality were others watching you drink in public (SAD symptom;

S = 2.87, C = 1.13) and binge eating (ED symptom; S = 2.24,

C = 1.26). The strength centrality estimates of others watching you

drink in public and binge eating were not significantly different from

each other (ps > .05), but were significantly higher than the centrality

estimates of 95% of other items in the network respec-

tively (p < .05).

The following bridge symptoms were identified: other people

seeing you eat (ED symptom; BS = 0.95), other people seeing your

body (ED symptom; BS = 0.84), felt fat (ED symptom; BS = 0.81),

and seeing your own body (ED symptom; BS = 0.78). The following

symptoms had the highest bridge expected influence: other people

seeing you eat (ED symptom; EI = 0.72), other people seeing your

body (ED symptom; EI = 0.80), seeing your own body (ED symptom;

EI = 0.66), and worry about keep gaining weight (ED symptom;

EI = 0.64).

We also computed a fourth model that included ED, SAD, perfec-

tionism and social appearance anxiety in one model. This model and

its stability are included in the appendix.

3.4 | Network comparison tests (clinical
vs. nonclinical samples)

Individuals with a clinical diagnosis (n = 508) were compared to individuals

with no diagnosis (n = 1,707; please see the Section 2.1 for a more in-

depth breakdown of individual diagnoses). There was significant network,

but not global strength invariance in the SAD-ED network (Network

invariance [M] = 0.19, p = .01; Global strength invariance [S] = 0.52, non-

clinical = 15.12, clinical = 15.64, p = .25). Strength centrality indices of

both networks were highly correlated (r = .73). For the SAD-ED-social

appearance anxiety network (M = 0.20, p < .01; S = 0.65, nonclinical =

20.30, clinical = 20.95, p = .26), and the SAD-ED-perfectionism network

(M = 0.19, p < .01; S = 0.03, nonclinical = 18.76, clinical = 18.79,

p = .93), the network structures, but not global strength, were significantly

different. In other words, the way in which symptoms interacted differed,

but the overall connectivity of the symptoms did not differ.

The variance in network structure, but not in global strength, indi-

cates that the central symptoms for clinical versus nonclinical individuals

may differ. For the SAD-ED network (i.e., Network 1), for clinical individ-

uals, binge eating (ED symptom; S = 1.62), fear of weight gain

(ED symptom; S = 1.53), and others watching you drink in public (SAD

symptom; S = 1.35) were the most central symptoms; for non-clinical

individuals, others watching you drink in public (SAD symptom; S = 2.71)

was the most highly central symptom. Binge eating (ED symptom;

S = 1.29), fear of weight gain (ED symptom; S = 1.33), and desire for thin-

ness (ED symptom; S = 1.28) were also highly central, but were signifi-

cantly less central than others watching you drink in public.

FIGURE 2 A network of eating disorder (ED) and social anxiety disorder (SAD) symptoms (32 symptoms; 20 ED symptoms and 12 SAD

symptoms). N = 2,215 of clinical (n = 508) and nonclinical (n = 1,707) individuals. Red lines indicate negative associations between symptoms;
blue lines indicate positive associations between symptoms; thicker lines indicate stronger associations. [Color figure can be viewed at
wileyonlinelibrary.com]
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4 | DISCUSSION

We used network analysis to conceptualize ED and SAD comorbidity in

a large sample of individuals with a primary diagnosis of an ED, SAD, as

well as community and undergraduate samples. The data presented

here provide an exemplar on how network analysis can be used to

(a) identify potential maintaining symptoms of comorbidity and test if

they significantly differ in importance from other symptoms, (b) identify

illness pathways (bridge symptoms) between disorders, and (c) compare

between different types of samples. We also highlighted several meth-

odological issues, including topological overlap of items, using empirical

indices to quantify bridge symptoms, and comparison across samples,

showing how novel analyses can be used to address these issues.

Overall, we found that the SAD symptom others watching you

drink and the ED symptom binge eating were the most central symp-

toms, even within networks that included perfectionism and social

appearance anxiety. Though we should note, that these were undi-

rected (non-causal) networks, and it is possible that these symptoms

FIGURE 3 Centrality plot of the eating disorder-social anxiety disorder network (Network 1). The plot is standardized (M = 0, SD = ±1), where

larger scores indicate greater centrality. Most central items are underlined and marked with either a light green (SAD symptom) or aqua
(ED symptom) dot for clarity. [Color figure can be viewed at wileyonlinelibrary.com]
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were most central not because they provide output to many symp-

toms, but because they receive input from many symptoms. As

hypothesized, we found that the SAD symptoms of others watching

you drink and eating in public and the ED symptom others seeing you

eat were illness pathways between SAD and EDs. These data suggest

that some important pathways that might lead from one disorder to

the other are through public eating and drinking. Given that SAD is

characterized by high fears of social judgement, it makes sense that

social fears directly associated with eating and drinking might lead to

symptoms of EDs and vice versa. Theoretically, it may be that because

one is socially anxious about eating and/or drinking in public they then

restrict their eating in social situations, which may then lead to addi-

tional ED symptoms. Given that restriction and dieting has been

shown to be a trigger and risk factor for EDs (e.g., Stice, Gau, Rohde, &

Shaw, 2017), it is possible that fears of social eating and drinking may

be one pathway by which restriction triggers EDs. These results also

pinpoint that interventions, such as exposure therapy, focused on eat-

ing in public may disrupt the associations between ED and SAD symp-

toms. Though the central symptoms in this study appear to be

reasonable intervention targets, and central symptoms have in some

cases been shown to be more predictive of treatment outcomes than

non-central symptoms (Olatunji, Levinson, & Calebs, 2018), this does

not necessarily imply that central symptoms are the most valid or the

most malleable treatment targets. More treatment research is clearly

needed.

Interestingly, and against hypothesis, we found that symptoms of

perfectionism had relatively few connections to SAD and ED

symptoms (e.g., low bridge centrality). We did, however, find that the

social appearance anxiety symptom feeling nervous about one's

appearance was a bridge symptom, specifically with the ED symptom

others seeing you eat. This finding suggests that there is a pathway

between SAD and ED symptoms through nervousness focused on

appearance. This result supports literature showing that social appear-

ance anxiety is elevated in individuals with EDs (Claes et al., 2012)

and that social appearance anxiety is a risk factor for EDs (Levinson &

Rodebaugh, 2015,2016). However, we were surprised that so few

symptoms of social appearance anxiety and that no symptom of per-

fectionism bridged between SAD and ED symptoms. It may be, consis-

tent with the literature (Fairburn et al., 1998; Shafran and Mansell,

2001), that perfectionism serves as a developmental factor that pre-

disposes an individual to develop an ED and/or SAD, whereas our

models more plausibly show how symptoms, once developed, persist.

We hope that future researchers will continue to clarify the relation-

ship between SAD and ED symptoms and underlying vulnerabilities,

including delineating which are developmental risk factors versus

maintaining factors.

In addition to demonstrating how to use novel methodology iden-

tifying specific bridge symptoms, we also showed how a new method

that combines theory and an empirical function can be used to decide

on which symptoms should be included in our network models. To

date, there has been no demonstration of how to select symptoms,

though it has been suggested that including symptoms that are over-

lapping may bias results (Fried and Cramer, 2016). We developed and

demonstrated how to use an approach to select symptoms for

FIGURE 4 A network of eating disorder (ED), social anxiety disorder (SAD), and social appearance anxiety (SAA) symptoms (42 symptoms; 20 ED

symptoms, 12 SAD symptoms, 10 SAA symptoms). N = 2,215 of clinical (n = 508) and non-clinical (n = 1,707) individuals. Red lines indicate nega-
tive associations between symptoms; blue lines indicate positive associations between symptoms; thicker lines indicate stronger associations.
[Color figure can be viewed at wileyonlinelibrary.com]
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network models. This method has significant promise, although future

research is still needed to refine this method. For example, there is

currently no statistical test to compare stability across models with

different items, which might aid in symptom selection. Overall the

novel method presented here has significant implications, given that

our models are only as useful as the symptoms that we include. This

method could be extended for clinical use to assist clinicians with

decision-making on which symptoms should be assessed within

treatment. In other words, clinicians might note which symptoms

seem like they should be assessed and this algorithm can then be used

to determine which of these symptoms should be included in our

models.

Finally, we showed how the network comparison test can be used

to compare network models across samples (Van Borkulo et al., 2015).

This approach is similar to item response theory Differential Item

Function (DIF) testing (Hambleton and Jones, 1993; Embretson and

FIGURE 5 Centrality plot of the eating disorder-social anxiety disorder-social appearance anxiety network (Network 2). The plot is standardized

(M = 0, SD = ±1), where larger scores indicate greater centrality. Most central items are underlined and marked with either a light green (SAD
symptom), aqua (ED symptom), or orange (SAA symptom) dot for clarity. [Color figure can be viewed at wileyonlinelibrary.com]
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Yang, 2006) or invariance testing in structural equation modeling

(Marsh, Morin, Parker, & Kaur, 2014; Chin, Mills, Steel, & Schwarz,

2014). We found, in these data, that the structure, but not global

strength, varied across clinical versus nonclinical samples, meaning

that there were different maintaining symptoms and interactions

between symptoms based on the type of sample. Specifically regard-

ing SAD-ED comorbidity, we found that there were more central

symptoms that were significantly different from the remainder of the

symptoms in the clinical sample versus a nonclinical sample. For exam-

ple, fear of weight gain was a central symptom for the clinical sample,

but not for the nonclinical sample. This finding supports previous

research that identifies fear of weight gain as a highly central

(or maintaining symptom) for those with a clinical diagnosis of an ED

(Levinson et al., 2017) and suggests that this symptom might be a way

to distinguish between clinical and nonclinical samples, as well as to

determine why an ED might persist in certain individuals (e.g., EDs

may persist only for individuals in which fear of weight gain is more

important than other symptoms). Overall, these findings suggest that

the ways in which symptoms influence each other may be more

important for the development and maintenance of EDs versus the

general overall structure. This approach can also be used to test if net-

works differ before versus after treatment, which could be used in

clinical trial research (Beard et al., 2016). However, we should note

that there are some concerns with the use of the NCT, and therefore,

these results should be interpreted with caution (to read more please

see: Schweren, van Borkulo, Fried, & Goodyer, 2018; van Borkulo

et al., 2015,2017).

There were limitations present in this study. First, we had sam-

ples from several different studies, some previously published and

some currently unpublished. Combining samples provided a large

enough sample size to confidently conduct these analyses; how-

ever, we should be aware of the limitations, such as biased parame-

ter estimates, of combined samples. Second, our sample was

primarily female and European American. Therefore, we need to be

careful when considering generalizability. Despite these limitations,

this study is the first, of which we are aware, to use network analy-

sis to conceptualize ED and SAD comorbidity. We should note,

however, that while we refer to central symptoms as maintaining

symptoms, a large proportion of this sample was nonclinical which

may impact our interpretation. This study is also the first to use a

method of item selection and to demonstrate how to use the bridge

functions to understand ED comorbidity. Third, we did not use mul-

tiple imputation, but rather imputed multiple datasets and com-

bined them into a single dataset for analysis (using the mice

package in R). Although this procedure is superior to deleting data

listwise (our other option) it should not be confused with the use of

multiple imputation, which involves both multiple datasets and the

combination of multiple analyses in a final form. Additionally, we

combined multiple datasets, which may increase likelihood of error

(Bickel, 1975). Further, it is likely that all relevant symptoms were

not included in these models. For example, a recent paper found

that interoceptive awareness and ineffectivess were central symp-

toms in an inpatient ED sample (Olatunji, Levinson, & Calebs, 2018),

but those symptoms were not included in our models. Future

FIGURE 6 A network of eating disorder (ED), social anxiety disorder (SAD), and perfectionism (FMPS) symptoms (39 symptoms; 20 ED

symptoms, 12 SAD symptoms, 7 FMPS symptoms). N = 2,215 of clinical (n = 508) and nonclinical (n = 1707) individuals. Red lines indicate
negative associations between symptoms; blue lines indicate positive associations between symptoms; thicker lines indicate stronger
associations. [Color figure can be viewed at wileyonlinelibrary.com]
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research should strive to define and include all relevant ED

symptoms.

A final limitation is important to discuss but common to all net-

work analyses focusing on cross-sectional data. We assume here that

the variables showing the strongest effects (e.g., as bridges) represent

those symptoms that are most likely to show similar properties

(a) across time and (b) across individuals. Researchers often assume

that cross-sectional relationships are related to what occurs over time,

but we must be cautious about this common assumption (e.g.,

Maxwell & Cole, 2007). Further, researchers tend to proceed as if rela-

tionships found at the group level are likely to apply to individuals

within that group, but it is clearly not the case that this must be true

(Gollob & Reichardt, 1987; Molenaar, 2013). Borrowing from a discus-

sion of between-participant, cross-sectional data by Markus and Bors-

boom (2013), we think the following is safe to conclude from our

particular data (a) at one time point, which is a brief snapshot in time,

these symptoms seem to contribute to the persistence of ED and

SAD comorbidity across persons and (b) if a researcher wants to find

FIGURE 7 Centrality plot of the eating disorder-social anxiety disorder-perfectionism network (Network 3). The plot is standardized (M = 0, SD =

±1), where larger scores indicate greater centrality. Most central items are underlined and marked with either a light green (SAD symptom), aqua
(ED symptom), or orange (perfectionism symptom) dot for clarity. [Color figure can be viewed at wileyonlinelibrary.com]

14 LEVINSON ET ?AL.

http://wileyonlinelibrary.com


people who have symptoms of both ED and SAD, one promising

method is to screen on the bridge symptoms identified here. Whether

these associations are driven by underlying causes or applies within

individuals across time is impossible to tell without appropriate longi-

tudinal and (preferably) experimental data. We believe our interpreta-

tion of cross-sectional relationships representing recent maintaining

factors is more plausible than some others (e.g., that they represent

risk and protective factors over a longer period of time). However, we

ultimately need longitudinal and experimental data to test if our find-

ings in cross-sectional data will uphold across time and within

persons.

EDs and SAD are highly comorbid and more research is war-

ranted to understand how these disorders interact and maintain

themselves. Overall, we showed how to use network analysis to con-

ceptualize this comorbidity and identify pathways between illnesses.

Importantly, we also showed that symptoms related to difficulties

with eating and drinking in public may be the illness pathways that

connect between SAD and EDs, pinpointing potentially important

areas for novel intervention development. In other words, it may be

that intervention on bridge symptoms (i.e., difficulties with eating

and drinking in public), as well as central symptoms (i.e., fear of

weight gain) could disrupt the connection between SAD and EDs (for

bridge symptoms) and/or disrupt the maintenance of EDs (for central

symptoms). We hope that future researchers will use this study as

both an exemplar for applying network analysis to comorbidity and

for beginning treatment development on novel interventions tar-

geted at ED and SAD comorbidity.

4.1 | Clinical Applications

This study shows how to use network analysis to conceptualize eating

disorder and social anxiety disorder comorbidity. This study has clini-

cal relevance as it pinpoints that social fears focused on eating and

drinking in public are symptoms that could be targeted in patients

with a comorbid eating and social anxiety disorders. This study also

shows how network analysis might be used to conceptualize eating

disorder comorbidity to identify how symptoms interact and maintain

themselves, which can be used to identify targets for novel treatment

development.
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