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Over the past few decades, research has accumulated to suggest a relationship between
anorexia nervosa (AN) and autism spectrum disorder (ASD). Elevated ASD traits are
present in around one third of those with AN, and there is some evidence to suggest that
ASD traits are associated with more severe eating disorder (ED) psychopathology. The
current study aimed to examine relationships between ED and ASD symptoms in
individuals with a lifetime history of AN using network analysis. One hundred and one
participants completed the ED Examination Questionnaire (EDE-Q) and the Social
Responsiveness Scale (SRS-2). A regularized partial correlation network was estimated
using a graphical least absolute shrinkage and selection operator. Expected influence (EI)
and bridge EI values were calculated to identify central and bridge symptoms respectively.
Isolation, difficulties with relating to others, and feelings of tension during social situations
were most central to the network, while poor self-confidence, concerns over eating
around others, and concerns over others seeing one's body were the strongest bridge
symptoms. Our findings confirm that interpersonal problems are central to ED
psychopathology. They also suggest poor self-confidence and social anxiety-type
worries may mediate the relationship between ED and ASD symptoms in those with a
lifetime diagnosis of AN. Longitudinal studies examining fluctuations in symptoms over
time may be helpful in understanding direction of causality.

Keywords: anorexia nervosa, comorbidity, autism spectrum disorder, self-report, social behavior
INTRODUCTION

Over the past few decades, evidence suggesting a relationship between autism spectrum disorder
(ASD) and anorexia nervosa (AN) has accumulated (1, 2). ASD is a neurodevelopmental disorder
characterized by difficulties in social communication and interaction, as well as restrictive, repetitive
patterns of behavior or interests (3). ASD is a lifelong condition, and is more commonly diagnosed
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in males than females (4). On the other hand, AN is a severe
eating disorder (ED) associated with persistent restriction of
energy intake, fear of weight gain, and disturbances in the way in
which one's body shape or weight is experienced (3). AN is more
prevalent in females, and peak age of onset is in late adolescence
(5, 6).

Despite the apparent differences between the two disorders,
empirical research has shown a number of similarities in the
phenotypic expressions of AN and ASD. For example, in the
socio-emotional domain, considerable research has documented
difficulties in emotion recognition (7), empathy (8), and theory
of mind (ToM) (9) in individuals with ASD. These difficulties are
also seen in those with AN, although are often less pronounced
than is seen in ASD (10–12). Furthermore, high levels of
alexithymia (13, 14), social anxiety (15, 16), and differences in
social attention (17–19) are associated with both disorders. In the
neurocognitive domain, both AN and ASD are associated with
weak central coherence (20, 21), increased attention to detail (22,
23), and difficulties in set-shifting (24, 25), an executive function
that allows for flexible thinking and behavior.

As well as these similarities in socio-emotional and
neurocognitive profiles, those with AN show high levels of
ASD traits. For example, it is reported that between 4% and
52.5% of individuals with AN score above clinical cut-offs on
diagnostic assessment tools for ASD1. It has been suggested that
high levels of ASD traits found in a proportion of those with AN
may be due to the effects of starvation, and do not represent true
ASD (26). However, several studies have found that body mass
index (BMI), which is often used as a measure of illness severity,
is not associated with ASD traits in individuals with AN (27–33).
A few of these studies also examined associations with illness
duration, finding that those with high ASD traits had not been ill
for a significantly longer period of time than those with low ASD
traits (29, 33). Finally, a significant proportion of individuals
recovered from AN also show elevated ASD traits compared to
HCs (27, 30, 34). Therefore, it seems the association between
ASD and AN is not a product of starvation, yet the exact nature
of the relationship remains unclear.

However, there is some evidence to suggest that ASD symptoms
are positively associated with severity of ED psychopathology in
those with AN. For example, in a large sample of inpatients with
AN, Tchanturia et al. (31) reported that scores on the Autism
Quotient (AQ) (35) were positively associated with scores on the ED
Examination Questionnaire (EDE-Q) (36). A similar association
between AQ scores and ED symptoms has been reported in
nonclinical populations (37, 38). Further, the presence of ASD
traits in AN is associated with more frequent and longer inpatient
stays (29), less improvement during treatment (39, 40), and poorer
outcomes (41–43). Why might a more severe ED presentation be
associated with high ASD traits? One possibility is that some of the
neurocognitive traits associated with ASD, such as cognitive rigidity,
increased attention to detail, and sensitivity to order may perpetuate
a narrow focus on food and weight in individuals with AN and
make change difficult (44). Indeed, Westwood and colleagues (45)
reported that individuals with AN and high ASD traits showed
Frontiers in Psychiatry | www.frontiersin.org 2
higher levels of cognitive rigidity and set-shifting difficulties than
individuals with low ASD traits. As well as a significant proportion
of individuals with AN showing high levels of ASD traits on
dimensional measures, a number of studies have found that 8%–
29%meet full diagnostic criteria for ASD (34, 41, 46–49). Given that
social difficulties are an important predictor of poor outcomes in
AN (43, 50–52), another possibility is that those with comorbid
ASD and AN have particularly poor outcomes due to the social
communication difficulties associated with ASD. Yet another
possibility is that avoidance of certain foods due to sensory
sensitivities in ASD may reinforce food restriction. Such
hypotheses remain to be tested empirically.

A potentially useful method for examining the nature of the
relationship between AN and ASD symptoms is provided by
network theory. Network theories of psychopathology represent
psychiatric disorders as constellations of symptoms, activating
one another (53). The relationships between symptoms are key
to the development and maintenance of psychopathology;
symptoms can form feedback loops, eventually producing a set
of symptoms that are recognized as a psychiatric disorder. This
theory has important implications for understanding
comorbidity. Symptoms are often shared among different
psychiatric disorders, for example feelings of guilt are common
in obsessive compulsive disorder (OCD) and are also a central
feature of major depression (3). Because symptoms in a network
have causal relationships with one another, clusters of symptoms
belonging to one disorder can activate those of another disorder,
resulting in diagnostic comorbidity (54).

Psychological networks can be estimated using network
analysis. Networks are made up of nodes (symptoms) and
edges (relationships between symptoms). It is possible to
calculate which nodes or symptoms have most connections in
the network (node centrality) and therefore are most important
in maintaining psychopathology. Further, it is possible to
calculate which symptoms of a given disorder are most
connected to symptoms in another disorder cluster (bridge
nodes), and therefore may maintain comorbidity. Currently,
only a few studies have examined comorbidity using network
analysis in individuals with EDs. These studies have most often
focussed on comorbidity between anxiety and ED symptoms,
finding that avoidance of social eating is an important bridge
symptom (55–57). Others have examined depression (55, 58)
and OCD symptoms (59), however no study to date has focussed
on ASD and ED symptom comorbidity.

The aim of the current study was to examine relationships
between ED and ASD symptoms in individuals with AN using
network analysis. Because ASD symptoms have been shown to
persist in individuals recovered from AN, suggesting
independence from clinical state, our sample included those
with a current or past diagnosis of AN. We aimed to identify
central nodes in order to understand which symptoms may be
most important in maintaining the symptom network as a whole.
Bridge nodes were also identified in order to detect symptoms
most important in explaining potential comorbidity of AN
and ASD.
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MATERIALS AND METHODS

Participants
The study was cross-sectional. Ethical approval was obtained
from the National Health Service (NHS) Research Ethics
Committee (Camberwell St Giles, 17/LO/1960). Participants
provided their written informed consent to participate in the
study. Participants with a lifetime history of AN were recruited
from two specialist NHS ED services in London, online
advertisements, and through the King's College London
university research recruitment email. Participants were
required to be between 18 and 55 years old and fluent in
English. Exclusion criteria were a history of brain trauma or
learning disability. A past or current diagnosis of AN was
confirmed using the Structured Clinical Interview for DSM-5
Disorders, research version (SCID-5-RV) Module I “Feeding and
Eating Disorders” (60).

Procedure and Materials
Participants attended a testing session as part of a wider study on
socio-emotional processing at the Institute of Psychiatry,
Psychology & Neuroscience, however where participants were
inpatients, testing took place at their place of treatment. Written
consent was obtained, and the following measures administered:

The EDE-Q (36) was used to measure severity of ED
psychopathology. Twenty-two of the 28 items are rated for
frequency during the past 28 days on a seven-point Likert
scale, with higher scores indicating more eating, shape, or
weight concerns and behaviors. The remaining six items
assessing frequency of various behaviors are not included in
total or subscale score calculations, as these items can take on any
value. The EDE-Q demonstrates good psychometric properties,
correlating with measures of similar constructs (61). Cronbach's
alpha was 0.91.

The Social Responsiveness Scale-2nd edition, adult self-report
form (SRS-2) (62) is a 65-item questionnaire assessing symptoms
associated with ASD, with higher scores indicating more autistic
symptoms. There are five subscales: social awareness (ability to
recognize social cues), social cognition (interpreting social
behavior), social communication (reciprocal communication in
social situations), social motivation (motivation to participate in
social interactions), and restrictive interests and repetitive
behavior (circumscribed interests and stereotypy). Respondents
indicate their agreement with each item on a four-point Likert
scale, rating their behavior over the past six months. The SRS-2
has been used extensively in ASD research, and is also
recommended for use in diagnostic assessments in adults with
ASD (63). Validation studies have found measurement
invariance across the sexes, and few sex, age, or rater effects
(64–66). Scores on the SRS-2 have been shown to predict
whether individuals with AN score above the clinical cut-off on
the Autism Diagnostic Observation Schedule, 2nd edition
(ADOS-2) (67), a “gold-standard” clinical interview measure
for ASD (68). Cronbach's alpha was 0.96.

Demographic information was also collected, along with weight
and height measurements to calculate BMI (height/weight2).
Frontiers in Psychiatry | www.frontiersin.org 3
Network Analysis
Analyses were performed in R version 3.6.1 (69). R codes are
provided in the Supplementary Information.

Item Selection
Network analysis assumes that each node in the network
represents a distinct construct. Given that some of the
questionnaire items are very similar in content, the goldbricker
function in R package networktools (70) was used to select items
to include in the network. Goldbricker compares dependent
overlapping correlations (i.e., items with high multicollinearity)
for all items in the network. If a certain proportion of
correlations between node A and all other nodes do not
significantly differ from those between node B and all other
nodes (e.g., items share ≥75% of correlations), nodes A and B are
assumed to be overlapping items measuring the same construct
(“bad pairs”). One of the nodes is subsequently removed. The 22
Likert items from the EDE-Q and all 65 items from the SRS-2
were entered. After dropping the bad pairs, 18 EDE-Q and 55
SRS-2 items were left for inclusion in the network. The full list of
EDE-Q and SRS-2 items and those included in the network are
provided in the Supplementary Information.

Network Estimation and Accuracy
A regularized partial correlation network with weighted edges
was estimated using a graphical least absolute shrinkage and
selection operator (LASSO) using the qgraph R package (71).
This method limits the total sum of absolute parameter values
and drops edges that are close to zero out of the model, keeping
only those that are most robust and likely to represent genuine
associations. The tuning parameter (l) was set to 0.25. This value
is typically set between 0 and 0.5, with higher values resulting in
simpler models with fewer edges, and lower values favoring
discovery but more likely to estimate spurious edges (72).

Accuracy of edge-weights were assessed using nonparametric
bootstrapping using the bootnet package (73). Bootstrapping
involves repeatedly estimating a model under sampled or
simulated data and estimating the statistic of interest, in this
case, edges. The bootstrapped 95% confidence intervals (CIs)
indicate the sampling variation, and the strength of a given edge
is difficult to interpret if bootstrapped CIs are wide. Correlation
stability (CS) coefficients were calculated to assess the stability of
expected influence (EI) and bridge EI. In this case, a case-
dropping bootstrap is used to indicate whether the centrality
indices remain the same after reestimating the network using
only a subset of cases from the sample. The CS coefficient
indicates the proportion of the sample that can be dropped to
retain a correlation >0.7 with the original sample. It should not
be below 0.25, and preferably above 0.5 (73). Finally,
bootstrapped difference tests (a = 0.05) were run to test for
significant differences in centrality indices between nodes.

Network Interpretation
Central nodes were identified by calculating EI using the
networktools package. EI is similar to the more commonly used
metric, strength, as it is calculated by summing all of the edges a
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given node has with all other nodes in a network. However unlike
strength, which does not distinguish between positive and
negative edges, EI accounts for the direction of associations.
This is an important distinction in networks which include
psychopathological symptoms of more than one disorder,
where some negative relationships are likely (74).

Bridge nodes were identified by calculating bridge EI using
the networktools package. Both bridge EI one-step (bridge EI1)
and bridge EI two-step (bridge EI2) were calculated. Bridge EI1
identifies the strength and directionality of the relationships a
node in one cluster has with all nodes of another cluster. Bridge
EI2 additionally takes into account the secondary influence of a
node via the influences of its immediate neighbors. For centrality
and bridge indices, higher values represent greater influence. Z-
scores are reported throughout for ease of interpretation.
RESULTS

Sample Characteristics
In total, 101 participants took part in the study. Fifty-one were
acutely ill with AN, while fifty were recovered. Demographic and
clinical information is displayed in Table 1. On the SRS-2, 43%
of participants scored within the “normal” range, scores within
this range are not associated with clinically significant symptoms.
Seventeen percent of participants scored within the “mild” range,
indicating deficiencies in reciprocal social behavior that are
clinically significant and may lead to mild to moderate
interference with daily living. A further 21% scored within the
“moderate” range, indicating clinically significant difficulties
which lead to substantial interference with social behavior.
Finally, 19% of participants scored in the “severe” range,
indicating severe and enduring difficulties with social behavior.
Scores within the moderate and severe range are typical for
individuals with a diagnosis of ASD.

Network Estimation and Accuracy
Questionnaire data from three participants contained missing
values (representing 0.08% of the total questionnaire data).
Given that nodes in our network did not rely on subscale or
total score calculations from questionnaires, the rest of the data
from these participants was included in analyses. The network
structure composed of EDE-Q and SRS-2 symptom scores is
Frontiers in Psychiatry | www.frontiersin.org 4
displayed in Figure 1. Green edges represent positive
relationships, while red indicates negative ones. The thicker the
edge, the stronger the regularized partial correlation.

Plots displaying the bootstrapped CIs of estimated edge-
weights, bootstrapped centrality indices, and bootstrapped
differences tests are reported in the Supplementary Material.
The EI CS coefficient was 0.67, and the bridge EI CS coefficient
was 0.59, indicating both EI and bridge EI can be interpreted
meaningfully (73).

Centrality
EI is plotted in Figure 2. The items with the highest EI were SRS-
2 37 “I have difficulty relating to adults outside of my family,”
SRS-2 57 “I tend to isolate myself,” and SRS-64 “I am much more
tense in social situations than when I am by myself.”

Bridge Nodes
Bridge EI values are plotted in Figure 3. For bridge EI1, the
strongest ED bridge symptom was EDE-Q 21 “How concerned
have you been about other people seeing you eat?”, and the
strongest ASD bridge symptom was SRS-11 “I have good self-
confidence” (reverse coded). For bridge EI2, the strongest ED
bridge symptom was EDE-Q 28 “How uncomfortable have you
felt about others seeing your shape or figure”, and the strongest
ASD bridge symptom was again SRS-11 “I have good
self-confidence.”
DISCUSSION

The current study is the first to examine relationships between ED
and ASD symptoms in individuals with past or current AN using
network analysis. Constructing a network of partial correlations
allowed us to examine connections between symptoms,
independent of the effects of other symptoms in the network.
Firstly, we aimed to identify core symptoms in the network. The
three nodes with the highest centrality in the network were all SRS-2
items: SRS-2 37 “I have difficulty relating to adults outside of my
family,” SRS-2 57 “I tend to isolate myself”, and SRS-64 “I ammuch
more tense in social situations than when I am by myself.” The
former two items are from the social communication subscale of the
SRS-2, while the latter is from the social motivation subscale. These
results suggest that difficulties in social communication and
isolation may be core symptoms in AN psychopathology, over
and above conventional ED symptoms, such as weight and shape
concern. However, it must be noted that the inclusion of recovered
individuals, some of whom had rather low EDE-Q symptom scores
may have influenced these results. Had our sample only included
individuals in the acute stage of AN, EDE-Q items might have been
more central to the network. Nonetheless, our study is not the first
to demonstrate the importance of social difficulties in AN
psychopathology. For example, Monteleone and colleagues (58)
found that depression and personal alienation were the nodes with
highest centrality in their network of symptoms in children and
adolescents with AN. Personal alienation, a subscale of the EDs
Inventory (EDI), reflects a sense of emotional emptiness, aloneness,
TABLE 1 | Demographic and clinical information of participants with lifetime
anorexia nervosa (AN) (N = 101).

Mean (SD) Range

Age (years) 26.95 (8.27) 18.16 – 54.59
% female 95.0 –

BMI 18.39 (3.25) 12.90 – 27.00
Years of education 16.33 (2.89) 10.00 – 27.00
Illness length (years) 6.47 (6.89) 0.50 – 35.00
% on psychiatric medication 43.6 –

EDE-Q total 2.84 (1.75) 0.00 – 5.69
SRS-2 total 77.66 (33.11) 17.00 – 160.00
AN, anorexia nervosa; BMI, body mass index; EDE-Q, eating disorder examination
questionnaire; SRS-2, social responsiveness scale; SD, standard deviation.
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and feeling separated from others. Somewhat similar findings were
reported by Somli and colleagues (75), who found that in
adolescents and adults with AN, depression, anxiety, interpersonal
sensitivity, and ineffectiveness were most central to the network.
Interpersonal sensitivity, a subscale of the Symptom Checklist 90
(SCL-90), assesses feelings of inadequacy and inferiority in
comparison to others, as well as self-consciousness and
discomfort during social interactions.

Our second aim was to identify bridge nodes; those that
connect ED and ASD symptom clusters. The strongest ASD
bridge symptom was SRS-2 11 “I have good self-confidence”
(reverse coded), while the strongest ED bridge symptoms were
EDE-Q 21 “How concerned have you been about other people
seeing you eat?” (bridge EI1) and EDE-Q 28 “How
uncomfortable have you felt about others seeing your shape or
figure?” (bridge EI2). The self-confidence item belongs to the
social motivation subscale of the SRS-2. Our results suggest that a
lack of self-confidence may be important in understanding the
Frontiers in Psychiatry | www.frontiersin.org 5
link between ED psychopathology and ASD symptoms in those
with lifetime AN. However, it must be noted that low self-
confidence is a rather nonspecific psychiatric symptom,
commonly reported in depression, anxiety, substance abuse
disorders, and EDs (76). Interestingly, our finding is very
similar to that of Forrest and colleagues (56), who found that
the low self-confidence item of the State-Trait Anxiety Inventory
(STAI) was the strongest trait anxiety bridge node linked to ED
symptoms in a mixed ED sample. It could be that elevated scores
on ASD assessments found in individuals with AN are partly due
to high anxiety, a symptom shared by both disorders. In an
analysis of 18 previously published comorbidity networks, Jones
and colleagues (54) observed that several symptoms emerged as
bridge symptoms across multiple networks. The networks
included several different disorders, including anxiety, bulimia
nervosa (BN), OCD, depression, and ASD, and also used a wide
variety of symptom scales. This demonstrates that certain
symptoms may not only explain comorbidity between two
FIGURE 1 | Graphical least absolute shrinkage and selection operator network. Eating Disorder Examination Questionnaire (EDE-Q) items: ED1, limit food; ED2, fasting; ED3,
excluding foods; ED4, eating rules; ED8, concentration affected by shape/weight; ED9, fear of loss of control; ED10, fear of weight gain; ED12, desire to lose weight; ED19,
eating in secret; ED20, guilt over eating; ED21, concern over other people seeing you eat; ED22, weight overvaluation; ED23, shape overvaluation; ED24, reaction to weighing;
ED25, weight dissatisfaction; ED26, shape dissatisfaction; ED27, uncomfortable seeing own body; ED28, uncomfortable over others seeing own body. Social responsiveness
scale (SRS-2) items: SRS1, uncomfortable in social situations; SRS2, facial expressions; SRS4, rigid behavior; SRS6, prefer to be alone; SRS7, aware of others feelings;
SRS8, strange behavior; SRS9, dependent on others; SRS10, take things literally; SRS11, good self-confidence; SRS12, communicate feelings; SRS13, awkward in turn
taking interactions; SRS14, not well coordinated; SRS15, understand change in tone/facial expression; SRS16, avoid/unusual eye contact; SRS17, recognize unfairness;
SRS18, difficulty making friends; SRS19, frustrated in conversations; SRS20, sensory interests; SRS21, imitate others'; SRS22, interact appropriately; SR23, avoid social
events; SRS25, don't mind being out of step with others; SR26, offer comfort to others; SRS27, avoid starting social interactions; SRS28, think about the same thing over and
over; SRS29, regarded as odd; SRS30, upset in situations with lots going on; SRS31, can't get mind off something; SRS32, good personal hygiene; SRS33, socially
awkward; SRS34, avoid people who want to be emotionally close to me; SRS35, have trouble keeping up with conversations; SRS36, difficulty relating to family; SRS37,
difficulty relating to adults outside family; SRS38, respond to others' moods; SRS39, interested in too few topics; SRS40, imaginative; SRS41, wander aimlessly between
activities; SRS42, sensory sensitivity; SRS43, enjoy small talk; SRS45, interested in what others' are attending to; SRS49, do well at intellectual tasks; SRS50, repetitive
behaviors; SRS51, difficulty answering questions directly; SRS52, overly loud; SRS53, monotone voice; SRS54, thing about people and objects in the same way; SRS55,
invade others' personal space; SRS56, walk between two people; SRS57, isolate myself; SRS59, suspicious; SRS61, inflexible; SRS63, unusual greeting; SRS64, tense in
social settings; SRS65, stare into space.
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disorders, but may be important transdiagnostic factors across
psychiatric disorders.

Regarding ED bridge nodes, it is notable that both involve
concern over being observed by others. The concern over others
seeing you eat item has repeatedly been shown to be the strongest
ED bridge node connecting ED and anxiety symptoms in those
with AN (55) and mixed ED groups (56, 57). High social anxiety
is a feature of both ASD (16, 77) and AN (15), and our findings
might suggest that social anxiety worries are important in
explaining comorbidity between AN and ASD. It has been
hypothesized that some of the core symptoms of ASD may
increase the risk of developing social anxiety (78, 79). For
example, poor social skills or difficulties in recognizing
Frontiers in Psychiatry | www.frontiersin.org 6
emotions and mental states in others may lead to rejection
from peers and isolation during formative years, factors which
are implicated in the development of social anxiety disorder
(SAD). There is also evidence to suggest that SAD may be a risk
factor for the development of AN. In those with both disorders,
SAD precedes AN onset in around two thirds of cases (80, 81).
Fears around eating in front of others may lead to avoidance of
social eating in those with SAD, a potential pathway by which
other eating disordered behaviors may form. Qualitative work
has also provided some insight into how these factors may
interact and contribute to the development of AN. For
example, Kinnaird et al. (82) found that participants with AN
and ASD felt that their ED had developed as a way of dealing
with the social confusion and difficulties relating to other people
associated with their ASD. Participants also described how social
difficulties, such as dealing with noise and social chat during
meal times, made inpatient treatment difficult. Similarly, based
on their qualitative study of AN and ASD comorbidity, Brede
and colleagues (83) hypothesized that AN may develop through
both direct and indirect pathways. In the indirect pathway, ASD-
related difficulties are proposed to give rise to negative emotional
consequences, and restrictive eating behaviors are employed as
an attempt to cope with this. For example, individuals with ASD
may have a longstanding history of being bullied and socially
ostracized, resulting in low self-esteem and emotional distress.
Restricting food intake can provide a sense of control and
numbing of strong emotions. Given our study was cross-
sectional, hypotheses about the direction of causality between
symptoms are preliminary. Future longitudinal research using
network analysis could help disentangle interactions between
ASD, ED, and social anxiety symptoms.

Our findings have important theoretical and clinical
implications. That the symptoms most central to the network
all concerned social difficulties provides support for models
emphasizing the role of interpersonal problems in the
development and maintenance of AN. For example, the
cognitive-interpersonal maintenance model of AN proposes
that anxious, avoidant, and socio-emotional traits, including
sensitivity to stress and negative emotions, anxious and
avoidant attachment, and negative self-evaluations are
predisposing factors (44). While some interpersonal difficulties
are worsened by the ill state, this group of traits are proposed to
be present before and after the illness, and often also in family
members. Further, our results support the need for therapies to
target interpersonal functioning as a key maintaining factor in
individuals with AN, such as interpersonal psychotherapy (84),
cognitive behavioral therapy (CBT) (85), and the Maudsley
model of AN treatment for adults (MANTRA) (86). Secondly,
it is of note that none of the items from the restrictive interests
and repetitive behavior subscale of the SRS-2 had particularly
high EI or bridge EI values. This may suggest that unlike social
and communication difficulties, this group of symptoms play a
relatively small part in AN and ASD comorbidity. Indeed,
previous studies have shown that while social and
communication difficulties are often elevated in those with AN,
restricted and repetitive behaviors are often less pronounced
FIGURE 2 | Centrality plot depicting expected influence (EI) of each node. Values
are given as Z scores, higher values represent greater centrality in the network.
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(33, 49). This might be in part due to AN samples being mostly
female, a factor which is associated with lower levels of restricted
interests in those with ASD (87). However, there is some
evidence to suggest that males and females with ASD show
differences in the types of topics they are interested in (e.g.,
people/animals in females rather than objects/things in males),
therefore ASD symptom rating scales may not be sensitive to
Frontiers in Psychiatry | www.frontiersin.org 7
more female-typical presentations (88) Finally, our study
examined relationships between symptoms on a group basis,
however an interesting direction for future research would be to
construct networks based on an individual basis. It is now
possible to examine temporal associations between symptoms
within individuals, potentially providing insight into which
symptoms may be maintaining psychopathology and therefore
FIGURE 3 | Bridge expected influence (EI) plots. Values are given as Z scores, and higher values indicate more influential nodes in the network.
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could be targeted during treatment (89). Thus, network analysis
could be a useful tool in the move toward more personalized
treatments in psychiatry.

Several limitations of the current study should be noted. Our
sample size was relatively small given the number of items
included in the network, therefore the findings require
replications in larger samples. Nonetheless, our stability
analyses indicated the centrality indices were stable enough to
be interpreted meaningfully. Secondly, only items from self-
report questionnaires were considered as nodes in the network.
It is likely that vulnerability factors not measured in this study
are also important in explaining comorbidity between AN and
ASD. For example, given the similarities in neuropsychological
profiles, performance on set-shifting or other tests of executive
functioning could be included as nodes in comorbidity networks.
Although other aspects of psychopathology and social cognition
were collected as part of our wider study, these were not included
as we wanted to focus on ASD and AN comorbidity specifically,
and adding more nodes to the network may have resulted in
reductions in the stability and accuracy of the network. Finally,
although we confirmed a past or current diagnosis of AN in our
sample, we did not confirm whether participants held a diagnosis
of ASD. Although scores on the SRS-2 suggested high levels of
ASD traits in our sample, there may be qualitative differences in
relations between symptoms between individuals with lifetime
AN who do and do not have a formal diagnosis of ASD. Previous
research suggests around 10% of those with AN meet full
diagnostic criteria, and a further 40% display high ASD traits
(49). Future studies using a network analytic approach may be
useful in establishing which symptoms reflect “true” ASD, and
which may be a consequence of starvation.

In conclusion, our results suggest that isolation, difficulties in
relating to others, and feelings of tension during social situations
may be central symptoms maintaining AN and ASD
psychopathology. These symptoms are most strongly
connected to other symptoms in the network, and it is
suggested that targeting these symptoms in treatment may lead
to improvements in the mental health of individuals with past or
current AN who also show ASD traits. It must be noted that
while central symptoms may be causally influential, longitudinal
studies are required to confirm the directionality of relationships
between symptoms. We also identified bridge nodes from each
disorder cluster; those with the strongest connections to
symptoms to the other symptom cluster. Poor self-confidence
(ASD cluster), concern around social eating (ED cluster), and
concern over other's seeing one's body were (ED cluster) were the
strongest bridge symptoms. These symptoms may be important
in understanding AN and ASD comorbidity.
Frontiers in Psychiatry | www.frontiersin.org 8
DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by NHS Camberwell St Giles Research Ethics
Committee. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

JK-G contributed to the conception and design of the study. JK-G
and DH performed the statistical analysis. JK-G wrote the
manuscript. DH, AH, and KT contributed to manuscript revision,
read and approved the submitted version. KT lead the research
group under which the study took place.
FUNDING

JK-G is supported by a doctoral studentship from the Economic
and Social Research Council (ESRC), and received research
funding from the Psychiatry Research Trust. AH is funded by
the Medical Research Council (MRC) (MR/S020381/1). KT
would like to acknowledge: MRC-MRF fund (MR/R004595/1);
the Health Foundation, an independent charity committed to
bring better health care for people in the UK (1115447); and the
Maudsley Charity for their support.
ACKNOWLEDGMENTS

The authors would like to thank the participants who took part
in the research for their time.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.
00401/full#supplementary-material
REFERENCES

1. Westwood H, Tchanturia K. Autism Spectrum Disorder in Anorexia Nervosa:
An Updated Literature Review. Curr Psychiatry Rep (2017) 19(7):41.
doi: 10.1007/s11920-017-0791-9

2. Zucker NL, Losh M, Bulik CM, LaBar KS, Piven J, Pelphrey K. Anorexia
Nervosa and Autism Spectrum Disorders: Guided Investigation of Social
Cognitive Endophenotypes. Psychol Bull (2007) 133(6):976–1006.
doi: 10.1037/0033-2909.133.6.976

3. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders. 5th Ed. Arlington: American Psychiatric Publishing (2013).

4. Fombonne E. Epidemiology of Pervasive Developmental Disorders. Pediatr
Res (2009) 65(6):591–8. doi: 10.1203/PDR.0b013e31819e7203
May 2020 | Volume 11 | Article 401

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00401/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00401/full#supplementary-material
https://doi.org/10.1007/s11920-017-0791-9
https://doi.org/10.1037/0033-2909.133.6.976
https://doi.org/10.1203/PDR.0b013e31819e7203
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Kerr-Gaffney et al. ASD Symptoms in AN
5. Hoek HW. Incidence, Prevalence and Mortality of Anorexia Nervosa and
Other Eating Disorders. Curr Opin Psychiatry (2006) 19(4):389–94.
doi: 10.1097/01.yco.0000228759.95237.78

6. Herpertz-Dahlmann B, van Elburg A, Castro-Fornieles J, Schmidt U. ESCAP
Expert Paper: New Developments in the Diagnosis and Treatment of
Adolescent Anorexia Nervosa - a European Perspective. Eur Child Adolesc
Psychiatry (2015) 24(10):1153–67. doi: 10.1007/s00787-015-0748-7

7. Harms MB, Martin A, Wallace GL. Facial Emotion Recognition in Autism
Spectrum Disorders: A Review of Behavioral and Neuroimaging Studies.
Neuropsychol Rev (2010) 20(3):290–322. doi: 10.1007/s11065-010-9138-6

8. Harmsen IE. Empathy in Autism Spectrum Disorder. J Autism Dev Disord
(2019) 49(10):3939–55. doi: 10.1007/s10803-019-04087-w

9. Peñuelas-Calvo I, Sareen A, Sevilla-Llewellyn-Jones J, Fernández-Berrocal P.
The “Reading the Mind in the Eyes” Test in Autism-Spectrum Disorders
Comparison with Healthy Controls: A Systematic Review and Meta-Analysis.
J Autism Dev Disord (2019) 49(3):1048–61. doi: 10.1007/s10803-018-3814-4

10. Bora E, Kose S. Meta-Analysis of Theory of Mind in Anorexia Nervosa and
Bulimia Nervosa: A Specific Impairment of Cognitive Perspective Taking in
Anorexia Nervosa? Int J Eat Disord (2016) 49(8):739–40. doi: 10.1002/eat.22572

11. Kerr-Gaffney J, Harrison A, Tchanturia K. Cognitive and Affective Empathy
in Eating Disorders: A Systematic Review and Meta-Analysis. Front Psychiatry
(2019) 10:102. doi: 10.3389/fpsyt.2019.00102

12. Leppanen J, Sedgewick F, Treasure J, Tchanturia K. Differences in the Theory
of Mind Profiles of Patients with Anorexia Nervosa and Individuals on the
Autism Spectrum: A Meta-Analytic Review. Neurosci Biobehav Rev (2018)
90:146–63. doi: 10.1016/j.neubiorev.2018.04.009

13. Kinnaird E, Stewart C, Tchanturia K. Investigating Alexithymia in Autism: A
Systematic Review and Meta-Analysis. Eur Psychiatry (2019) 55:80–9.
doi: 10.1016/j.eurpsy.2018.09.004

14. Westwood H, Kerr-Gaffney J, Stahl D, Tchanturia K. Alexithymia in Eating
Disorders: Systematic Review and Meta-Analyses of Studies Using the
Toronto Alexithymia Scale. J Psychosom Res (2017) 99:66–81. doi: 10.1016/
j.jpsychores.2017.06.007

15. Kerr-Gaffney J, Harrison A, Tchanturia K. Social Anxiety in the Eating
Disorders: A Systematic Review and Meta-Analysis. Psychol Med (2018) 48
(15):2477–91. doi: 10.1017/S0033291718000752

16. Spain D, Sin J, Linder KB, McMahon J, Happé F. Social Anxiety in Autism
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20. Frith U, Happé F. Autism: Beyond “Theory of Mind”. Cognition (1994) 50(1–
3):115–32. doi: 10.1016/0010-0277(94)90024-8

21. Lang K, Lopez C, Stahl D, Tchanturia K, Treasure J. Central Coherence in
Eating Disorders: An Updated Systematic Review and Meta-Analysis.World J
Biol Psychiatry (2014) 15(8):586–98. doi: 10.3109/15622975.2014.909606

22. Jolliffe T, Baron-Cohen S. Are People with Autism and Asperger Syndrome
Faster than Normal on the Embedded Figures Test? J Child Psychol Psychiatry
(1997) 38(5):527–34. doi: 10.1111/j.1469-7610.1997.tb01539.x

23. Roberts ME, Tchanturia K, Treasure JL. Is Attention to Detail a Similarly Strong
Candidate Endophenotype for Anorexia Nervosa and Bulimia Nervosa? World J
Biol Psychiatry (2013) 14(6):452–63. doi: 10.3109/15622975.2011.639804

24. D'Cruz A, Ragozzino ME, Mosconi MW, Shrestha S, Cook EH, Sweeney JA.
Reduced Behavioral Flexibility in Autism Spectrum Disorders.
Neuropsychology (2013) 27(2):152–60. doi: 10.1037/a0031721

25. Westwood H, Stahl D, Mandy W, Tchanturia K. The Set-Shifting Profiles of
Anorexia Nervosa and Autism Spectrum Disorder Using the Wisconsin Card
Sorting Test: A Systematic Review and Meta-Analysis. Psychol Med (2016)
46:1809–27. doi: 10.1017/S0033291716000581
Frontiers in Psychiatry | www.frontiersin.org 9
26. Hiller R, Pellicano L. Anorexia and Autism – a Cautionary Note. Psychologist
(2013) 26(11):780.

27. Bentz M, Jepsen JRM, Pedersen T, Bulik CM, Pedersen L, Pagsberg AK, et al.
Impairment of Social Function in Young Females with Recent-Onset
Anorexia Nervosa and Recovered Individuals. J Adolesc Heal (2017) 60
(1):23–32. doi: 10.1016/j.jadohealth.2016.08.011

28. Calderoni S, Fantozzi P, Balboni G, Pagni V, Franzoni E, Apicella F, et al. The
Impact of Internalizing Symptoms on Autistic Traits in Adolescents with
Restrictive Anorexia Nervosa. Neuropsychiatr Dis Treat (2015) 11:75–85.
doi: 10.2147/NDT.S73235

29. Nazar BP, Peynenburg V, Rhind C, Hibbs R, Schmidt U, Gowers S, et al. An
Examination of the Clinical Outcomes of Adolescents and Young Adults with
Broad Autism Spectrum Traits and Autism Spectrum Disorder and Anorexia
Nervosa: A Multi Centre Study. Int J Eat Disord (2018) 51(2):174–9.
doi: 10.1002/eat.22823

30. Sedgewick F, Kerr-Gaffney J, Leppanen J, Tchanturia K. Anorexia Nervosa,
Autism, and the ADOS: How Appropriate Is the New Algorithm in
Identifying Cases? Front. Psychiatry (2019) 10:507. doi: 10.3389/
fpsyt.2019.00507

31. Tchanturia K, Adamson J, Leppanen J, Westwood H. Characteristics of
Autism Spectrum Disorder in Anorexia Nervosa: A Naturalistic Study in an
Inpatient Treatment Programme. Autism (2019) 23(1):123–30. doi: 10.1177/
1362361317722431

32. Vagni D, Moscone D, Travaglione S, Cotugno A. Using the Ritvo Autism
Asperger Diagnostic Scale-Revised (RAADS-R) Disentangle the
Heterogeneity of Autistic Traits in an Italian Eating Disorder Population.
Res Autism Spectr Disord (2016) 32:143–55. doi: 10.1016/j.rasd.2016.10.002

33. Westwood H, Mandy W, Tchanturia K. Clinical Evaluation of Autistic
Symptoms in Women with Anorexia Nervosa. Mol Autism (2017) 8:12.
doi: 10.1186/s13229-017-0128-x

34. Dinkler L, Rydberg Dobrescu S, Råstam M, Gillberg IC, Gillberg C, Wentz E,
et al. Visual Scanning during Emotion Recognition in Long-Term Recovered
Anorexia Nervosa: An Eye-Tracking Study. Int J Eat Disord (2019) 52(6):691–
700. doi: 10.1002/eat.23066

35. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The Autism-
Spectrum Quotient (AQ): Evidence from Asperger Syndrome/High-Functioning
Autism, Males and Females, Scientists and Mathematicians. J Autism Dev Disord
(2001) 31(1):5–17. doi: 10.1023/A:1005653411471

36. Fairburn CG, Beglin SJ. Assessment of Eating Disorders: Interview or Self-
Report Questionnaire? Int J Eat Disord (1994) 16(4):363–70. doi: 10.1002/
1098-108X(199412)16:4<363::AID-EAT2260160405>3.0.CO;2-%23

37. Coombs E, Brosnan M, Bryant-Waugh R, Skevington SM. An Investigation
into the Relationship between Eating Disorder Psychopathology and Autistic
Symptomatology in a Non-Clinical Sample. Br J Clin Psychol (2011) 50
(3):326–38. doi: 10.1348/014466510X524408

38. Carton AM, Smith AD. Assessing the Relationship between Eating Disorder
Psychopathology and Autistic Traits in a Non-Clinical Adult Population. Eat
Weight Disord (2014) 19(3):285–93. doi: 10.1007/s40519-013-0086-z

39. Stewart CS, McEwen FS, Konstantellou A, Eisler I, Simic M. Impact of ASD
Traits on Treatment Outcomes of Eating Disorders in Girls. Eur Eat Disord
Rev (2017) 25(2):123–8. doi: 10.1002/erv.2497

40. Tchanturia K, Larsson E, Adamson J. How Anorexia Nervosa Patients with
High and Low Autistic Traits Respond to Group Cognitive Remediation
Therapy. BMC Psychiatry (2016) 16(1):334. doi: 10.1186/s12888-016-1044-x

41. Anckarsäter H, Hofvander B, Billstedt E, Gillberg IC, Gillberg C, Wentz E,
et al. The Sociocommunicative Deficit Subgroup in Anorexia Nervosa: Autism
Spectrum Disorders and Neurocognition in a Community-Based,
Longitudinal Study. Psychol Med (2012) 42(9):1957–67. doi: 10.1017/
S0033291711002881

42. Nielsen S, Anckarsäter H, Gillberg C, Gillberg C, Råstam M, Wentz E. Effects
of Autism Spectrum Disorders on Outcome in Teenage-Onset Anorexia
Nervosa Evaluated by the Morgan-Russell Outcome Assessment Schedule:
A Controlled Community-Based Study. Mol Autism (2015) 6(1):14.
doi: 10.1186/s13229-015-0013-4

43. Wentz E, Gillberg IC, Anckarsäter H, Gillberg C, Råstam M. Adolescent-
Onset Anorexia Nervosa: 18-Year Outcome. Br J Psychiatry (2009) 194
(2):168–74. doi: 10.1192/bjp.bp.107.048686
May 2020 | Volume 11 | Article 401

https://doi.org/10.1097/01.yco.0000228759.95237.78
https://doi.org/10.1007/s00787-015-0748-7
https://doi.org/10.1007/s11065-010-9138-6
https://doi.org/10.1007/s10803-019-04087-w
https://doi.org/10.1007/s10803-018-3814-4
https://doi.org/10.1002/eat.22572
https://doi.org/10.3389/fpsyt.2019.00102
https://doi.org/10.1016/j.neubiorev.2018.04.009
https://doi.org/10.1016/j.eurpsy.2018.09.004
https://doi.org/10.1016/j.jpsychores.2017.06.007
https://doi.org/10.1016/j.jpsychores.2017.06.007
https://doi.org/10.1017/S0033291718000752
https://doi.org/10.1016/j.rasd.2018.04.007
https://doi.org/10.1016/j.ridd.2015.10.011
https://doi.org/10.1016/j.ridd.2015.10.011
https://doi.org/10.1002/eat.22993
https://doi.org/10.3389/fpsyg.2010.00036
https://doi.org/10.3389/fpsyg.2010.00036
https://doi.org/10.1016/0010-0277(94)90024-8
https://doi.org/10.3109/15622975.2014.909606
https://doi.org/10.1111/j.1469-7610.1997.tb01539.x
https://doi.org/10.3109/15622975.2011.639804
https://doi.org/10.1037/a0031721
https://doi.org/10.1017/S0033291716000581
https://doi.org/10.1016/j.jadohealth.2016.08.011
https://doi.org/10.2147/NDT.S73235
https://doi.org/10.1002/eat.22823
https://doi.org/10.3389/fpsyt.2019.00507
https://doi.org/10.3389/fpsyt.2019.00507
https://doi.org/10.1177/1362361317722431
https://doi.org/10.1177/1362361317722431
https://doi.org/10.1016/j.rasd.2016.10.002
https://doi.org/10.1186/s13229-017-0128-x
https://doi.org/10.1002/eat.23066
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1002/1098-108X(199412)16:4%3C363::AID-EAT2260160405%3E3.0.CO;2-%23
https://doi.org/10.1002/1098-108X(199412)16:4%3C363::AID-EAT2260160405%3E3.0.CO;2-%23
https://doi.org/10.1348/014466510X524408
https://doi.org/10.1007/s40519-013-0086-z
https://doi.org/10.1002/erv.2497
https://doi.org/10.1186/s12888-016-1044-x
https://doi.org/10.1017/S0033291711002881
https://doi.org/10.1017/S0033291711002881
https://doi.org/10.1186/s13229-015-0013-4
https://doi.org/10.1192/bjp.bp.107.048686
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Kerr-Gaffney et al. ASD Symptoms in AN
44. Treasure J, Schmidt U. The Cognitive-Interpersonal Maintenance Model of
Anorexia Nervosa Revisited: A Summary of the Evidence for Cognitive, Socio-
Emotional and Interpersonal Predisposing and Perpetuating Factors. J Eat
Disord (2013) 1:13. doi: 10.1186/2050-2974-1-13

45. Westwood H, Mandy W, Tchanturia K. The Association between Symptoms
of Autism and Neuropsychological Performance in Females with Anorexia
Nervosa. Psychiatry Res (2017) 258:531–7. doi: 10.1016/j.psychres.2017.09.005

46. Gillberg C, Råstam M. Do Some Cases of Anorexia Nervosa Reflect
Underlying Autistic-like Conditions? Behav Neurol (1992) 5(1):27–32.
doi: 10.3233/BEN-1992-5105

47. Gillberg IC, Råstam M, Gillberg C. Anorexia Nervosa Outcome: Six-Year
Controlled Longitudinal Study of 51 Cases Including a Population Cohort. J Am
Acad Child Adolesc Psychiatry (1994) 33(5):729–39. doi: 10.1097/00004583-
199406000-00014

48. Råstam M, Gillberg C, Wentz E. Outcome of Teenage-Onset Anorexia
Nervosa in a Swedish Community-Based Sample. Eur Child Adolesc
Psychiatry (2003) 12:78–90. doi: 10.1007/s00787-003-1111-y

49. Westwood H, Mandy W, Simic M, Tchanturia K. Assessing ASD in
Adolescent Females with Anorexia Nervosa Using Clinical and
Developmental Measures: A Preliminary Investigation. J Abnorm Child
Psychol (2018) 46(1):183–92. doi: 10.1007/s10802-017-0301-x

50. Deter HC, Schellberg D, Köpp W, Friederich HC, Herzog W. Predictability of
a Favorable Outcome in Anorexia Nervosa. Eur Psychiatry (2005) 20(2):165–
72. doi: 10.1016/j.eurpsy.2004.09.006

51. Zipfel S, Löwe B, Reas DL, Deter H-C, Herzog W. Long-Term Prognosis in
Anorexia Nervosa: Lessons from a 21-Year Follow-up Study. Lancet (2000)
355((9205)):721–2. doi: 10.1016/S0140-6736(99)05363-5

52. Franko DL, Keshaviah A, Eddy KT, Krishna M, Davis MC, Keel PK, et al. A
Longitudinal Investigation of Mortality in Anorexia Nervosa and Bulimia
Nervosa. Am J Psychiatry (2013) 170(8):917–25. doi: 10.1176/appi.ajp.
2013.12070868

53. Borsboom D. A Network Theory of Mental Disorders. World Psychiatry
(2017) 16((1)):5–13. doi: 10.1002/wps.20375

54. Jones PJ, Ma R, McNally RJ. Bridge Centrality: A Network Approach to
Understanding Comorbidity. Multivariate Behav Res (2019). doi: 10.1080/
00273171.2019.1614898. Advance online publication.

55. Elliott H, Jones PJ, Schmidt U. Central Symptoms Predict Posttreatment
Outcomes and Clinical Impairment in Anorexia Nervosa: A Network
Analysis. Clin Psychol Sci (2019) 8(1):139–154. doi: 10.1177/216770
2619865958. Advance online publication.

56. Forrest LN, Sarfan LD, Ortiz SN, Brown TA, Smith AR. Bridging Eating Disorder
Symptoms and Trait Anxiety in Patients with Eating Disorders: A Network
Approach. Int J Eat Disord (2019) 52(6):701–11. doi: 10.1002/eat.23070

57. Levinson CA, Brosof LC, Vanzhula I, Christian C, Jones P, Rodebaugh TL,
et al. Social Anxiety and Eating Disorder Comorbidity and Underlying
Vulnerabilities: Using Network Analysis to Conceptualize Comorbidity. Int
J Eat Disord (2018) 51(7):693–709. doi: 10.1002/eat.22890

58. Monteleone AM, Mereu A, Cascino G, Criscuolo M, Castiglioni MC, Pellegrino F,
et al. Re-conceptualization of Anorexia Nervosa Psychopathology: A Network
Analysis Study in Adolescents with Short Duration of the Illness. Int J Eat Disord
(2019) 52(11):1263–73. doi: 10.1002/eat.23137

59. Meier M, Kossakowski JJ, Jones PJ, Kay B, Riemann BC, McNally RJ.
Obsessive–Compulsive Symptoms in Eating Disorders: A Network
Investigation. Int J Eat Disord (2019) 53(3):362–71. doi: 10.1002/eat.23196

60. First MB, Williams JB, Karg RS, Spitzer RL. Structured Clinical Interview for
DSM-5 Disorders, Research Version. Arlington: American Psychiatric
Association (2015).

61. Berg KC, Peterson CB, Frazier P, Crow SJ. Psychometric Evaluation of the
Eating Disorder Examination and Eating Disorder Examination-
Questionnaire: A Systematic Review of the Literature. Int J Eat Disord
(2012) 45(3):428–38. doi: 10.1002/eat.20931

62. Constantino JN, Gruber CP. Social Responsiveness Scale-Second Edition (SRS-
2). Torrance: Western Psychological Services (2012).

63. National Institute for Health and Care Excellence (NICE). Autism:
Recognition, Referral, Diagnosis and Management of Adults on the Autism
Spectrum (CG142). London: NICE (2012).

64. Frazier TW, Ratliff KR, Gruber C, Zhang Y, Law PA, Constantino JN.
Confirmatory Factor Analytic Structure and Measurement Invariance of
Frontiers in Psychiatry | www.frontiersin.org 10
Quantitative Autistic Traits Measured by the Social Responsiveness Scale-2.
Autism (2014) 18(1):31–44. doi: 10.1177/1362361313500382

65. Chan W, Smith LE, Hong J, Greenberg JS, Mailick MR. Validating the Social
Responsiveness Scale for Adults with Autism. Autism Res (2017) 10(10):1663–
71. doi: 10.1002/aur.1813

66. Takei R, Matsuo J, Takahashi H, Uchiyama T, Kunugi H, Kamio Y.
Verification of the Utility of the Social Responsiveness Scale for Adults in
Non-Clinical and Clinical Adult Populations in Japan. BMC Psychiatry (2014)
14(1):302. doi: 10.1186/s12888-014-0302-z

67. Lord C, Rutter M, Dilavore P, Risi S, Gotham K, Bishop S. Autism Diagnostic
Observation Schedule, Second Edition (ADOS-2) Modules 1-4. Los Angeles:
Western Psychological Services (2012).

68. Kerr-Gaffney J, Harrison A, Tchanturia K. The Social Responsiveness Scale Is
an Efficient Screening Tool for Autism Spectrum Disorder Traits in Adults
with Anorexia Nervosa. Eur Eat Disord Rev (2020). doi: 10.1002/erv.2736.
Advance online publication.

69. R Core Team. R: A Language and Environment for Statistical Computing.
Vienna, Austria (2019)

70. Jones P. (2019). Networktools: Tools for Identifying Important Nodes in Networks.
71. Epskamp S, Cramer AOJ, Waldorp LJ, Schmittmann VD, Borsboom D.

Qgraph: Network Visualizations of Relationships in Psychometric Data. J
Stat Software (2012) 48(4). doi: 10.18637/jss.v048.i04

72. Foygel R, Drton M. Extended Bayesian Information Criteria for Gaussian
Graphical Models. Adv Neural Inf Process Syst (2010). 23:2020–8

73. Epskamp S, Borsboom D, Fried EI. Estimating Psychological Networks and
Their Accuracy: A Tutorial Paper. Behav Res Methods (2018) 50(1):195–212.
doi: 10.3758/s13428-017-0862-1

74. Robinaugh DJ, Millner AJ, McNally RJ. Identifying Highly Influential Nodes
in the Complicated Grief Network. J Abnorm Psychol (2016) 125(6):747–57.
doi: 10.1037/abn0000181

75. Solmi M, Collantoni E, Meneguzzo P, Tenconi E, Favaro A. Network Analysis of
Specific Psychopathology and Psychiatric Symptoms in Patients with Anorexia
Nervosa. Eur Eat Disord Rev (2019) 27(1):24–33. doi: 10.1002/erv.2633

76. Silverstone PH, Salsali M. Low Self-Esteem and Psychiatric Patients: Part I –
The Relationship between Low Self-Esteem and Psychiatric Diagnosis. Ann
Gen Hosp Psychiatry (2003) 2(1):2. doi: 10.1186/1475-2832-2-2

77. Maddox BB, White SW. Comorbid Social Anxiety Disorder in Adults with
Autism Spectrum Disorder. J Autism Dev Disord (2015) 45(12):3949–60.
doi: 10.1007/s10803-015-2531-5
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