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Abstract
The anxiety and autism realms are each complicated and heterogeneous, and relationships between the two areas are espe-
cially complex. Network analysis offers a promising approach to the phenotypic complexities of typical and atypical human 
behavior. The Revised Children’s Anxiety and Depression Scale (RCADS) was used to assess anxiety in 126 high-functioning 
9–13 year-olds with ASDs. Network graphs of Autism Diagnostic Observation Schedule items and RCADS anxiety total 
score, social, generalized, panic and separation anxiety subscores consistently found the anxiety node (score) to be highly 
peripheral. Also, the networks of RCADS anxiety items themselves were similar for the ASDs group and a general popula-
tion comparison group (n = 2017). The results suggest anxiety is not a central part of autism and that anxiety is dynamically 
similar (aspects of anxiety relate to one another in a similar manner) in high-functioning autism and the general population.

Keywords Network analysis · Autism Diagnostic Observation Schedule · Behavior · ADOS item scores · Anxiety · Revised 
Children’s Anxiety and Depression Scale

Introduction

High rates of anxiety have been consistently reported for 
individuals meeting criteria for autism or autism spectrum 
disorders (ASDs) and anxiety is often reported by affected 
individuals and their caregivers to have a large effect on level 
of functioning and on quality of life. However, the relation-
ship between these two realms of behavior, and the inter-
relationships between the varied specified behaviors and 
traits that define these areas, remain very unclear. This lack 
of understanding is not surprising given the complexities 
and heterogeneities inherent to anxiety (Heeren and McNally 
2016; Lee et al. 2016; Raymond et al. 2017; Shackman et al. 

2013), and to ASDs (Anderson 2008; Happe et al. 2006; 
Jeste and Geschwind 2014; Lenroot and Yeung 2013; Pel-
phrey et al. 2011; Volkmar and McPartland 2016). As has 
been discussed, the overlap of these two areas of behavior 
is especially complicated (Hallett et al. 2013; Maddox and 
White 2015; South and Rogers 2017; Sukhodolsky et al. 
2008; Ung et al. 2013; White et al. 2014).

Pre-clinical evidence accumulated over the past several 
decades has begun to unravel the complex neurobiology 
and physiology of mammalian response to threat (LeDoux 
and Pine 2016). While this research has served to inform 
research on fear and anxiety in humans, it has underscored 
the multitude of interacting factors contributing to the feel-
ing of anxiety. Recent more theoretical considerations of the 
neurobiological basis of human emotions have also empha-
sized the inherently complex nature of emotions, and have 
strongly questioned simple categorization schemes positing 
characteristic basic emotions (Barrett 2017). In an analogous 
manner to the non-categorical multidimensional approach 
encouraged by the Research Domain Criteria (RDoC; Simp-
son 2012; http://www.nimh.nih.gov/resea rch-prior ities /rdoc/
index .shtml ), the “constructionist” approach of Barrett and 
colleagues suggests that the complexity of the underlying 
neurobiology leads to a non-segmented or continuous mul-
tidimensional outcome space for emotions (Lindquist et al. 
2013).
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Network analysis is consistent with a multidimensional 
perspective and it offers a promising approach to the phe-
notypic complexities of anxiety and ASDs, more generally, 
to discerning relationships between traits, behaviors and 
categories of psychopathology. The approach posits that 
behavior can be fruitfully modeled as arising from a net-
work of multiple interacting and mutualistically reinforcing 
traits and factors. In a seminal study, Cramer et al. (2010a, 
b) used network analysis to try to understand the relationship 
between categorically defined anxiety and depression, and 
between the various behaviors and states of mind used to 
delineate these disorders. Their study supported the notion 
that anxiety and depression are inextricably linked, at least 
on a behavioral level. Subsequent research has continued to 
buttress the idea that mutualistic interactions between traits 
constitute a fundamental phenomenon in typical and atypical 
behavior, including anxiety (Borsboom and Cramer 2013; 
Heeren and McNally 2016).

As mentioned, most prior investigations of the relation-
ship between anxiety and ASDs have observed substantial 
levels of anxiety in the ASDs group (Simonoff et al. 2008; 
Van Steensel et al. 2011; Weisbrot et al. 2005; White et al. 
2009), as well as increased levels of ASD symptoms in anx-
ious samples (e.g. Cholemkery et al. 2014). However, stud-
ies examining behavioral correlations have found absent, 
low or, at best, moderate correlations between anxiety total 
scores or anxiety subtype scores and a variety of autism 
and social functioning measures (Bellini 2006; Chang et al. 
2012; Eussen et al. 2013; Hallett et al. 2013; Sukhodolsky 
et al. 2008; Wood and Gadow 2010; White et al. 2012).

In a recent study (Anderson et al. 2015), we used network 
analysis to examine the relationships between item scores of 
the Autism Diagnostic Observation Schedule (ADOS; Lord 
et al. 1999). Findings included the expected high degree of 
clustering of the social domain (ADOS section B) items, and 
the peripheral and weakly inter-related nature of the repeti-
tive behaviors/restricted interest (RBRI) items of section D. 
Most surprising was the markedly peripheral nature of the 
ADOS anxiety item (E3). At the time, it was noted that the 
E3 anxiety item is especially rudimentary, reading simply: 
“Anxiety includes initial wariness or self-consciousness, as 
well as more obvious signs of worry, upset, or concern.” 
This lone ADOS anxiety item is scored on a 3-point scale as 
being absent, mild or marked during the observation period.

We have carried out the present study in an attempt to 
replicate and extend the prior finding regarding the ADOS 
E3 anxiety item. To assess anxiety, we have used the child 
and parent report versions of the Revised Child Anxiety and 
Depression Scale (RCADS; Chorpita et al. 2000), allow-
ing a much more thorough characterization of anxiety. This 
enabled us to construct ADOS item networks that included 
an anxiety node based on overall anxiety score or on differ-
ent anxiety subtype scores, including generalized anxiety, 

separation anxiety, social phobia and panic scores. We were 
also able to compare—across ASDs and a large general 
population group—the networks formed by the RCADS 
items themselves. We hypothesized that, (1) like the ADOS 
E3 node, nodes based on the RCADS total anxiety score 
and most anxiety subtype scores would constitute highly 
peripheral (not highly central in the network) nodes. We 
also hypothesized that, (2) the social phobia score would 
be most closely associated with a ADOS Section B social 
items subnetwork. Finally, we hypothesized that, (3) given 
the similar placement of the anxiety node in the networks, 
networks formed within the RCADS anxiety items them-
selves would be similar across the autism group and the large 
general population comparison group.

Methods

Participants

Recruitment

The data of the ASDs sample in the current study were 
obtained within a Randomized Controlled Trial, inves-
tigating the effectiveness of a social skills training (SST) 
in ASDs (the ESTIA study; Dekker et al. 2014). Partici-
pants were recruited from May 2010 through August 2013, 
through four out-patient mental health care clinics in the 
northern part of the Netherlands. Children were eligible for 
the treatment study if they had a DSM-IV-TR diagnosis of 
Autistic disorder, Asperger’s disorder, or pervasive devel-
opmental disorder-not otherwise specified (PDD-NOS). 
The diagnosis was based on information on developmental 
history and current problems, on observation of the child 
(most often with the ADOS), and information from teachers. 
Additionally, SST was indicated as the first choice appropri-
ate treatment and parents and child were motivated for SST. 
IQ was preferably 80 or above. Children with IQ’s slightly 
below 80 were included when therapists established they 
were able to participate in SST. All children were in the 
last two and half years of primary education, did not have 
a physical condition affecting participation, and were able 
to travel to the out-patient clinic for training. The ESTIA 
study was approved by the Institutional Review Board of 
the University Medical Center Groningen. All parents gave 
informed consent, children did so when aged ≥ 12. For more 
information on the content and procedures of the treatment 
study, we refer to Dekker et al. (2014). Data for the current 
study were collected during baseline measurement (before 
randomization and treatment).

The general population data were obtained within the first 
measurement wave of the general population cohort of the 
TRacking Adolescents Individual Lives Survey (TRAILS), 
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a prospective study on the etiology of mental health prob-
lems during adolescence into adulthood (Huisman et al. 
2008). The participants were recruited through their primary 
schools in the northern part of the Netherlands, between 
March 2001 and July 2002. Parents and children gave con-
sent for the study. The Netherlands’ Central Committee on 
Research Involving Human Subjects (CCMO) approved the 
study.

Characteristics

All 126 participants of the ASDs sample (107 males, 19 
females) were clinically diagnosed with a pervasive devel-
opmental disorder (PDD) based on DSM-IV-TR criteria. 
The PDDs included autistic disorder (n = 18), Asperger 
syndrome (n = 26) and PDD-NOS (n = 82) and are referred 

herein as ASDs. The study covered a relatively narrow, 
pre-adolescent age range (mean = 11.0 years; SD = 0.75; 
range 9.5–13.0). The sample was relatively high func-
tioning, with a mean total IQ of 101.7 (SD = 15.1; range 
72–135). Nearly all children had at least one parent of 
Dutch decent (n = 125). In Table 1, characteristics of the 
children are presented, including age, sex, seizure status, 
level of functioning, ADI-R and ADOS domain scores, 
RCADS total anxiety scores, and the six RCADS sub-
scales mentioned above. Of the Trails participants, 2230 
children completed the RCADS. After deletion of cases 
with empty/non-numeric values in any of the 47 RCADS 
items, the remaining 2017 cases composed the compari-
son group. The demographic and assessment data for the 
TRAILS general population comparison group are given 
in Table 1.

Table 1  Participant 
characteristics

RCADS scores and subscores are based on child report
ASDs autism, PDD-NOS and Asperger’s syndrome, age age in years, NVIQ non-verbal IQ, VIQ verbal 
IQ, IQ Total IQ, Vineland Comm Vineland communication domain total, Vineland DL Vineland daily liv-
ing skills domain total, Vineland Soc Vineland social domain total, ADI Social ADI-R reciprocal social 
interaction total, ADI Comm ADI-R communication total, ADI RRB ADI-R restricted, repetitive behaviors 
total, ADOS M3 module 3, SA ADOS social affect (revised algorithm), RRB ADOS restricted, repetitive 
behaviors (revised algorithm). Generalized anxiety disorder (GAD), social phobia (SP), separation anxiety 
disorder (SAD), panic disorder (PD), obsessive–compulsive disorder (OCD) and major depressive disor-
der (MDD). Of the tested items, only IQ (p < .001) and RCADS MDD (p < .001) were significantly differ-
ent between the groups

ASDs group (N = 126) TRAILS general population
Comparison group (N = 2017)

N (%) Mean SD Range N (%) Mean SD Range

Age 126 11.0 0.75 9.5–13.0 2017 11.1 0.55 10–12.6
Male 107 (84.9) 1038 (51.5)
NVIQ 126 98.9 16.3 60–139
VIQ 126 104.0 15.6 72–145
IQ 126 101.7 15.1 72–135 2011 97.4 14.9 45–149
Seizures 2 (1.6)
Vineland Comm 126 112.7 8.6 88–129
Vineland DLS 126 121.9 13.9 70–150
Vineland social 126 82.2 14.6 26–118
ADI social 126 14.1 5.6 2–27
ADI Comm 126 11.8 4.7 0–23
ADI RRB 126 3.2 2.1 0–10
ADOS M3 SA 126 8.4 4.0 0–20
ADOS M3 RRB 126 1.2 1.0 0–5
RCADS GAD 126 4.20 2.99 0–15 2017 3.96 2.72 0–18
RCADS SP 126 7.10 4.18 0–21 2017 6.97 3.83 0–24
RCADS SAD 126 3.15 3.09 0–15 2017 2.57 2.44 0–14
RCADS PD 126 3.66 3.69 0–19 2017 3.80 3.26 0–20
RCADS OCD 126 3.90 3.19 0–16 2017 3.54 2.66 0–14
RCADS MDD 126 7.85 3.52 0–18 2017 6.05 3.26 0–21
RCADS total
Anxiety

126 13.54 9.06 0–50 2017 12.99 7.85 0–51

RCADS TOTAL 126 30.0 16.1 2–101 2017 26.9 14.3 0–95
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Assessments and Measures

All participants from the ASDs sample were assessed with 
the ADOS (Lord et al. 1999, 2012) and the Autism Diagnos-
tic Interview-Revised (ADI-R; Rutter et al. 2003), by trained 
and certified psychologists, who met research requirements 
for standardized administration and scoring reliability. A 
clinical DSM-IV-TR diagnosis was assigned by an experi-
enced clinician, based on all diagnostic information avail-
able and on consensus of the multidisciplinary team that 
included psychologists and psychiatrists. Additionally, in the 
ASDs sample, adaptive functioning was measured using the 
Vineland Adaptive Behavior Scales (Sparrow et al. 1984). 
IQ was measured with the Wechsler Intelligence Scale for 
Children (Wechsler 1999) in the ASD sample, and estimated 
based on the Vocabulary and Block Design subtests in the 
TRAILS sample.

To measure anxiety, the RCADS was used, a 47-item 
questionnaire assessing DSM-IV anxiety disorders and 
depression, with a parent version and a child self-report 
version that contained the same items. The scale has six 
subscales: separation anxiety disorder (SAD), social pho-
bia (SP), panic disorder (PD), generalized anxiety disorder 
(GAD), obsessive–compulsive disorder (OCD) and major 
depressive disorder (MD). In a recent meta-analysis on 
the reliability of the RCADS in different cultural settings 
(Piqueras et al. 2017), the RCADS showed acceptable to 
excellent reliability (Cronbach’s α 0.74–0.93), and was sub-
stantially independent from country, language or sample 
type (clinical population). It is noted that for the ASDs sam-
ple, parents and children both completed the RCADS, while 
in the Trails sample only children completed the RCADS.

Selection of ADOS Items

As described in our earlier study (Anderson et al. 2015), 
ADOS module three items were selected in order to mini-
mize artefactual item pair correlations arising from con-
tent overlap between items and from inter-item elicitation 
dependency. In general, items that appeared largely similar 
were combined by averaging; when items appeared some-
what similar, one or the other was included. We acknowl-
edge that there is a subjective and at times arbitrary aspect to 
this procedure, but note that two child psychologists (one on 
a consultative basis) and a psychiatrist reached consensus on 
the process. Corresponding to our former study, we omitted 
12 items from the A, B and D sections. We deleted item A3 
(echolalia) due to overlap with A4 (stereotyped/idiosyncratic 
use of words or phrases); items A5 (offers information), A6 
(asks for information) and A7 (reporting of events) due 
to overlap with A8 (conversation), items B6 (insight), B7 
(quality of social overtures), B8 (quality of social response), 
B9 (amount of reciprocal social communication) and B10 

(quality of rapport) for being summary items; and we com-
bined by averaging items D4 (excessive interests/repetitive 
behaviors) and D5 (compulsions/rituals) due to their large 
similarity. Additionally, items B3 (language production) and 
D3 (self-injurious behaviors) were deleted because of a high 
number of missing values arising from rater uncertainty. 
Moreover, for the later analyses in the current study that 
included the RCADS items, we omitted item E3 (anxiety) 
because of its overlap with the RCADS anxiety items. As a 
result, 15 items of a possible 28 ADOS items were included 
in the analyses (16 items when including ADOS item E3).

Item scores of 7 or 8 (meaning that the item could not 
be scored on the usual 0–2 or 0–3 scale) were converted to 
blanks, except item E1 (overactivity), for which a score of 
7 (“underactive”) was converted to a 0 (“sits still…”). All 
item scores were normalized to the maximum item score 
of 2 or 3.

Selection of RCADS Items

For the analyses concerning anxiety items and subscales, 
we selected only the items that measure anxiety, excluding 
the 10 items from the Depression subscale (items 2, 6, 11, 
15, 19, 21, 25, 29, 40 and 47) and the six OCD subscale 
items (items 10, 16, 23, 31, 42 and 47). Additionally, we 
excluded 7 items that require a certain level of functioning 
and/or participation in school (items 7), nervous for test; 12, 
worry about doing bad in school work; 18, difficult going 
to school because feeling nervous; 20, worry about looking 
stupid; 37, thinking about death; 38, afraid when having 
to say something in front of class and item 43, afraid to 
make a fool of self in front of people. Consequently, the 
RCADS anxiety subscales used in the current study were 
based on the following number of items: generalized anxiety 
5 of 6 items; separation anxiety 6 of 7 items; social phobia 
4 of 9 items; panic 9 of 9 items. For the analyses using the 
subscales anxiety, MDD and OCD: anxiety consisted of the 
24 selected items described above, MDD consisted of 9 of 
10 items as items 19 and 21 were averaged due to content 
overlap, and OCD consisted of 5 of 6 items as items 10 and 
23 were average due to overlap. RCADS item selection was 
the same for ASDS and TRAILS groups and for child and 
parent report versions.

Analyses

Network Analyses

Techniques similar to those used in a previous article pub-
lished by the authors (Anderson et al. 2015) were used for 
Network Analysis, with minor modifications. R software 
version 3.3.2 was used to build Spearman Correlation 
Coefficient Matrices between selected RCADS and ADOS 
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symptoms (as discussed in “Item Selection” above). Next, 
a script written in R language converted these matrices to 
Cytoscape node and edge tables. These tables served as 
input for Cytoscape version 3.4.1 to render network graphs, 
in which, “Nodes” represented normalized ADOS item 
or symptom scores and “Edges” (links between nodes) 
represented correlation coefficients between item pairs. 
Cytoscape’s “Edge-Weighted Spring-Embedded Layout” 
was then applied to the graphs. This layout is based on a 
“force-directed” paradigm as implemented by Kamada and 
Kawai (1989). Nodes that are more weakly connected (and 
have a weaker attractive spring-like edge) will be repulsed 
and positioned further apart in the network. Nodes with 
more and stronger links are placed in a more central posi-
tion (Kobourov 2012). The Node and Network parameters, 
which are discussed in the following sections, are computed 
by Cytoscape’s “Network Analyzer” tool after filtering out 
edges (correlations) with a value between − 0.14 and 0.14.

Clustering Analysis

Clustering analysis of RCADS and ADOS items were per-
formed using “Pvclust v2.0.0” (Suzuki and Shimodaira 
2006). Pvclust is an add-on package for R which assesses 
uncertainty in hierarchical cluster analysis and computes 
two types of p-values, [“Approximately Unbiased” (AU) 
and “Bootstrap Probability” (BP)], both ranging from 0 
to 1, using bootstrap resampling techniques. Correlation 
coefficients were used as the distance measure. Pvclust 

implements bootstrap resampling and the “boot number” 
argument was set to 10,000. Additionally, “pvrect” func-
tion of the package was used to draw red rectangles around 
clusters with AU > 0.95.

Results

The Cytoscape network for the ADOS items and using the 
ADOS E3 anxiety item is shown in Fig. 1a. This network is 
included to enable direct comparison to the ADOS Module 
3 network of the prior study (Fig. 1b; Anderson et al. 2015); 
the markedly peripheral nature of the E3 node is apparent in 
both networks. The Pearson correlation of the two correla-
tion matrices was 0.624 (p < .001), reflective of the overall 
similarity of the two networks. Relevant E3 node parameters 
are compiled in Table 2 and the low centrality measures of 
the E3 node in both networks is noted. The betweenness cen-
tralities of the E3 nodes were especially low, reflecting mini-
mal influence on the inter-nodal interaction of other nodes.

In Fig. 2a, b, the ADOS E3 item has been replaced with 
the RCADS total anxiety score based on the child (Fig. 2a) 
or the parent (Fig. 2b) report. As with the E3 node, the 
RCADS nodes were highly peripheral with low centrality 
and betweenness scores. This low centrality was also evident 
when the sum of the correlations of the specific anxiety node 
with all other nodes was ratioed to the average of all other 
nodes summed correlations (see Table 2).

Fig. 1  a The Cytoscape network of ADOS items for the ASDs group. 
The Anxiety Node is the ADOS E3 item. The diameter of the nodes 
is proportional to the normalized (0–1) item score; the thickness of 
the edges is proportional to the strength of the node pair correlation 
with positive correlations shown in green and negative correlations 
in red. The diameter of the red control node represents a normalized 
item score of 0.5. The nodes are color-coded as follows: purple, sec-
tion A language/communication items; red, section B social items; 

yellow, section C play item; green, section D repetitive behaviors/
restricted interests items; gray, section E, miscellaneous items includ-
ing the E3 anxiety item (top). b The Cytoscape network of ADOS 
items for the ASDs group of the prior study (Anderson et al. 2015). 
The anxiety node is the ADOS E3 item, as in Fig.  1a. Please see 
Fig.  1a for the key to node size, node color, edge width, and edge 
color (top). (Color figure online)
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Hierarchical cluster analyses of the ADOS items were 
performed using either the E3 item or the RCADS total anxi-
ety scores (child and parent report versions). In all three den-
drograms, the anxiety item was an early branch and notable 
for its relative isolation (see Supplemental Data: S1–S3).

In order to examine anxiety subtypes, networks were 
prepared using parent or child report subscores for gen-
eralized anxiety, panic, social anxiety and separation 

anxiety. The networks observed for RCADS generalized 
anxiety, panic, social anxiety and separation anxiety based 
on parent report are presented in Fig. 3a–d. The anxiety 
node in all networks was highly peripheral with low cen-
trality and betweenness scores (see Table 2). Similar net-
works were seen for the parent- and child-report versions 
(for child-report versions see Supplemental Data S4–S7).

Table 2  Anxiety node 
parameters of the ADOS items 
networks

Shortest Path, the fewest number of edges (links) between two nodes (in this case between the anxiety 
node and all other nodes); betweenness centrality, the number of shortest paths between all node pairs 
(not including the anxiety node), divided by the number of those paths that pass through the anxiety node, 
results are summed and normalized (0–1); closeness centrality, the reciprocal of the average shortest path 
length between that node and any other node in the network (0–1); degree, the number of edges linked to 
the node (with absolute r values of greater than 0.14). Ratio of Sum of Correlations: Ratio of the sum of 
the anxiety node correlations with all other nodes to the average of all the nodes’ summed correlations

Node Average short-
est path

Betweenness 
centrality

Closeness 
centrality

Degree Ratio of sum 
of correlations

ADOS E3 2015 1.88 0.00 0.36 4 0.24
ADOS E3 2017 1.60 0.10 0.63 6 0.46
RCADS-Child
Total anxiety

2.47 0.00 0.41 2 − 0.47

RCADS-Child SAD 2.53 0.00 0.39 1 − 0.37
RCADS-Child GAD 3.40 0.00 0.29 1 0.06
RCADS-Child SP 1.87 0.02 0.54 6 − 1.58
RCADS-Child PD 2.80 0.00 0.36 1 0.09
RCADS-Parent
Total anxiety

3.40 0.00 0.29 1 − 0.10

RCADS-Parent SAD n/a n/a n/a n/a 0.16
RCADS-Parent GAD 3.40 0.00 0.29 1 − 0.27
RCADS-Parent SP 2.27 0.00 0.44 2 − 0.99
RCADS-Parent PD 2.80 0.00 0.36 1 0.06

Fig. 2  a The Cytoscape network of ADOS items for the ASDs group. 
The anxiety node (light blue/turquoise) is the normalized total anxi-
ety score of the child report RCADS. Please see Fig. 1a for the key 
to node size, node color, edge width, and edge color (top). b The 

Cytoscape network of ADOS items for the ASDs group. The anxi-
ety node (light blue/turquoise) is the normalized total anxiety score of 
the parent report RCADS. Please see Fig. 1a for the key to node size, 
node color, edge width, and edge color (top). (Color figure online)
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The relationships between individual RCADS items 
were examined by constructing all-items networks with 
nodes consisting of the RCADS anxiety, OCD and depres-
sion items. It was of special interest to compare the RCADS 
all-items network obtained for the autism group and that 
obtained for the TRAILS general population group. The 
ASDs and Trails child-report RCADS all-Item networks are 
shown in Fig. 4a, b and the network parameters calculated 
for the two child-report networks, as well as for the autism 
group parent-report, are given in Table 3 (only child-report 
RCADS data were available for the TRAILS group). The 

Table 3 network parameters of the ASDs and Trails were 
largely similar. In addition, a Pearson correlation of 0.539 
(p < .001) was observed for the ASDs versus TRAILS cor-
relation matrix of all items RCADS, while a correlation of 
0.560 (p < .001) was observed for the corresponding correla-
tion matrix of the RCADS anxiety items.

The autism parent-report RCADS all-Item network graph 
was similar to the autism child-report network and is pre-
sented in the Supplemental Data (S8). Though largely simi-
lar, the TRAILS RCADS network was slightly more clus-
tered (as reflected in higher clustering coefficient, higher 

Fig. 3  a The Cytoscape network of ADOS items for the ASDs group. 
The anxiety node (light blue/turquoise) is the normalized generalized 
anxiety subscore of the parent report RCADS. Please see Fig. 1a for 
the key to node size, node color, edge width, and edge color (top). 
b The Cytoscape network of ADOS Items for the ASDs group. The 
Anxiety Node (light blue/turquoise) is the normalized panic anxi-
ety subscore of the parent report RCADS. Please see Fig. 1a for the 
key to node size, node color, edge width, and edge color (top). c The 
Cytoscape network of ADOS items for the ASDs group. The anxiety 

node (light blue/turquoise) is the normalized social anxiety/phobia 
subscore of the parent report RCADS. Please see Fig. 1a for the key 
to node size, node color, edge width, and edge color (top). d The 
Cytoscape network of ADOS items for the ASDs group. The Anxiety 
Node (light blue/turquoise) is the normalized separation anxiety sub-
score of the parent report RCADS. Please see Fig. 1a for the key to 
node size, node color, edge width, and edge color (top). (Color figure 
online)
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density and a greater number of neighbors). The overall 
centralization score was somewhat lower, apparently due to 
slightly higher clustering.

In general, across networks, the RCADS depression 
and anxiety items appeared to be clustered into separate 
subnetworks. This prompted an examination of the sepa-
rate clustering coefficients for the anxiety, depression, and 
OCD items subnetworks. Clustering coefficients for the 
anxiety, depression, and OCD items subnetworks in the 
ASDs group were 0.86, 0.72 and 1.0, respectively (child 
report) and 0.87, 0.82 and 1.0 (parent report), with similar 
values of 0.88, 0.93 and 1.0 seen in the TRAILS general 

population group (child report). These and other subnet-
work parameters are presented in Supplemental Table S12. 
Thus, both overall network architecture and clustering 
into subnetworks were similar in the ASDs and TRAILS 
groups.

Inter-item relationships of the RCADS items were 
also examined using hierarchical cluster analysis of the 
child-report (ASDs and comparison groups) and the ASDs 
parent-report RCADS items. The derived dendrograms 
demonstrated a high degree of segregation between and 
clustering among the anxiety, depression, and OCD items 
of the RCADS (see Supplemental Data S9–S11).

Fig. 4  a The Cytoscape network of the child report RCADS items 
for the ASDs group. The anxiety nodes are colored light blue/tur-
quoise, the depression nodes are colored orange, and the OCD nodes 
are colored pink. The numbers within the nodes refer to the specific 
RCADS item represented by the node. Please see Fig. 1a for the key 
to node size, edge width, and edge color (top). b The Cytoscape net-

work of the child report RCADS items for the TRAILS general popu-
lation group. The anxiety nodes are colored light blue/turquoise, the 
depression nodes are colored orange, and the OCD nodes are colored 
pink. The numbers within the nodes refer to the specific RCADS item 
represented by the node. Please see Fig. 1a for the key to node size, 
edge width, and edge color (top). (Color figure online)

Table 3  RCADS network parameters: ASDs and TRAILS general population comparison groups

Shortest Path, the fewest number of edges (links) between two nodes, this value is averaged for all possible node pairs in the network; Centrali-
zation, the sum of the differences in centrality between the most central node and each other node divided by the same value computed on the 
theoretically most centralized network with the same number of nodes. (0–1); clustering coefficient, the ratio of the number of edges between 
the neighbors of n to the maximum number of edges that could possibly exist between the neighbors of n. (0–1); density, a normalized version of 
the average number of neighbors of a node; Heterogeneity, related to the variance in nodes’ degrees and reflecting the tendency of a network to 
contain hub (relatively highly linked) nodes (0–1)

Clustering coefficient Centralization Average shortest path Average neighbors Node count Density Heterogeneity

TRAILS
RCADS-Child

0.86 ± 0.01 0.248 1.23 ± 0.03 30.0 ± 0.15 38 0.76 0.23

Autism
RCADS-Child

0.79 ± 0.01 0.288 1.30 ± 0.03 27.5 ± 0.15 38 0.70 0.24

Autism
RCADS-Parent

0.79 ± 0.01 0.329 1.31 ± 0.03 27.3 ± 0.16 38 0.69 0.27
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Discussion

As hypothesized, we replicated the basic prior finding of 
high peripherality of the anxiety node in network graphs 
of ADOS items (Anderson et al. 2015). This can be seen 
by the side-by-side comparison (Fig. 1) of the prior (2015) 
and present network that both used the ADOS E3 anxi-
ety item. Importantly, the anxiety node was also highly 
peripheral in the network using an anxiety node based 
on the RCADS overall anxiety score. It should be noted 
that the RCADS provided a much more thorough assess-
ment of anxiety than the rudimentary E3 ADOS item. 
To further extend this finding, we also constructed net-
works of ADOS items that used anxiety nodes based on 
RCADS generalized, separation, social, or panic anxiety 
subscores. The networks using RCADS anxiety items 
were constructed using both child and parent report. In 
all networks, the anxiety node was highly peripheral with 
low centrality scores. The peripheral nature of the anxi-
ety node in autism was also observed using hierarchical 
cluster analyses, where the anxiety item formed an early 
and separate branch in the dendrograms.

The results suggest that anxiety in high functioning 
autism, while often important behaviorally, is not a central 
and inextricable part of the autism realm. This is consist-
ent with previously reported weak or absent associations 
between anxiety traits and autism-related behaviors or 
autism severity (Gadow et al. 2005; Hallett et al. 2013; 
Kerns et al. 2014; Muris et al. 1998; Sukhodolsky et al. 
2008; Ung et al. 2013). The results and this interpretation 
stand in contrast to the apparent inextricable relationship 
between anxiety and depression traits/item observed in the 
network analysis of Borsboom and colleagues (Cramer 
et al. 2010a, b). Parenthetically, we note that some of 
what they found could have been influenced by their fail-
ure to consider item content overlap. A potential implica-
tion of the consistent low centrality of the anxiety node 
is that reducing anxiety in individuals diagnosed with 
autism might not change important mutualistic interac-
tions between behavioral traits in the social and repetitive 
behaviors domains. This idea is based on research showing 
that networks are most efficiently controlled by influenc-
ing/perturbing nodes with high centrality, and especially 
high betweenness (Liu et al. 2011). This might be of spe-
cial relevance to approaches such as pivotal response treat-
ment when choosing where best to intervene (Duifhuis 
et al. 2017).

Somewhat surprisingly and counter to our second 
hypothesis, the node based on the RCADS social phobia 
subscore was not highly associated with the ADOS sec-
tion B social domain nodes. This might be a reflection of 
the complex and individualistic nature of the interaction 

between social atypicalities and social anxieties. As an 
example, higher social motivation might lead to lower 
rated autism severity while increasing the likelihood of 
rejection and concomitant social anxiety or phobia. The 
aspects and complexities relevant to this specific issue 
have been recently discussed (Maddox and White 2015). 
We also note more generally that when correlating item 
or composite scores in the anxiety domain with those in 
the autism realm, one needs to take item content overlap 
into account before suggesting that observed correlations 
are meaningful.

Consistent with our third hypothesis, the networks com-
posed of individual anxiety items of the RCADS were found 
to be similar for the ASDs group and the large general popu-
lation comparison (TRAILS) group. The results support the 
idea that anxiety in high-functioning individuals with autis-
tic behaviors is similar to that seen in the general population 
in terms of the dynamic interactions between the RCADS 
items. It can be tentatively suggested that the results are con-
sistent with the idea that standard therapeutic approaches to 
anxiety have the potential to be effective in high functioning 
individuals with ASDs. However, as discussed above, the 
effects of such therapies might be limited to anxiety itself. 
This, in turn, suggests that outcome measures should care-
fully assess and attempt to differentiate anxiety-related and 
autism-related behaviors.

It must be acknowledged that the present study examined 
the interrelationships between behaviors/items on a group 
basis. There are approaches using longitudinal assessment 
that allow for networks to be constructed for specific individ-
uals (Bringmann et al. 2013). Application of these methods 
might show that there are considerable differences amongst 
individuals in the DSM-5 ASD category in terms of the 
relationships between anxiety- and autism-related behav-
iors. Given the complex nature of the factors suggested to 
contribute to the feeling(s) of self-reported anxiety (Barrett 
2017; LeDoux and Pine 2016), it can be expected that there 
are multiple routes to a variety of anxious feelings, both 
within and across individuals. An additional potential limi-
tation concerns the use of the RCADS in the ASDs group. 
Although the internal consistency appears acceptable and 
similar to that in other samples, definitive evidence is lack-
ing for the convergent and divergent validity of the RCADS 
in individuals with ASDs (Hallett et al. 2013; Sterling et al. 
2015; Kaat and Lecavalier 2015), and there has been a recent 
attempt to optimize the RCADS for use in ASD (Rodgers 
et al. 2016).

It is also acknowledged that the ASDs group had a large 
proportion of individuals that met DSM-IV criteria for PDD-
NOS that would in general be less severely affected, and that 
this may have affected the results and the comparisons with 
the comparison group. However, all children in the ASDs 
group had social communicative problems to such a degree 
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that their clinician indicated SST to be a needed and appro-
priate treatment. It is relevant that similar networks were 
observed for the present ASDs group and the group studied 
in our prior study that contained a majority of individuals 
diagnosed with DSM-IV autism. Finally, we acknowledge 
that inter-item correlations based on items assessed during 
a 45 min ADOS observation period and the RCADS items 
based on self-report or caregiver-report could have been 
influenced by differences in the setting and the raters.

In summary, the results suggest that anxiety is not a 
central and inextricable part of the autism realm and that 
observed or self-reported anxiety in individuals with autistic 
behaviors appears dynamically similar to that seen in the 
general population. The results further suggest that stand-
ard therapeutic approaches to anxiety have the potential to 
be effective in high functioning individuals with autism. 
However, reducing anxiety might not substantially influence 
important mutualistic interactions between behavioral traits 
in the social and repetitive behaviors domains.
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