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Abstract
Background: Complex relationships may exist in the symptoms of autism spectrum disorder (ASD) and
may interfere with each other. Previous studies investigate the relationships between core and associated
symptoms. However, there is still a lack of holistic view, especially in the relationships between core and
associated symptoms.

Methods: Data were collected from a sample of 474 children with ASD. The Social Responsiveness Scale
(SRS) was used to evaluate the existence and severity of autistic core symptoms of social impairment,
Children’s Sleep Habits Questionnaire (CSHQ) to sleep status, and Child Behavior Checklist (CBCL/1.5-5)
to behavior performance of subjects. A network analysis approach was performed to assess the partial
relationships of these symptoms.

Results: The social communication problem was the most central symptom of ASD. There were broad
relationships between the core and associated symptoms, such as the relationships between autistic core
symptoms and characteristic symptoms of ADHD and within associated symptoms. All these
correlations were positive, except for a negative relationship between anxious/depressed problems and
social awareness. The associations between some of these symptoms were stronger than the other
associations, and the relationship between emotional problems and aggressive behavior was relatively
stronger than the other relationships. The strength centrality and network edges were highly stable.

Limitations: Two main limitations exist in current study. First, the network analyses was conducted by
using cross-sectional data, so it remains unknown that whether the network structure will change with the
progress of the course of the disease or the change of the severity of symptoms. Second, some nodes
may actually be measuring overlapping constructs, which could arti�cially in�ate edge weights and
centrality.

Conclusions: An overall perspective of connections of symptoms of ASD using network analysis
indicated that controlling these associated symptoms may improve core symptoms, such as ADHD-
related symptoms. It may help identify new ways to improve symptoms in ASD.

Introduction
Autism spectrum disorder (ASD), the most common and representative disorder of pervasive
developmental disorders (PDD), originates mainly in infants and young children, with social
communication disorders, limited interests, and stereotyped and repetitive behavior as the main clinical
manifestations[1]. In addition to these core symptoms, however, children with ASD suffer from sleep
problems, emotional problems, and broad behavioral problems, such as anxiety or depression,
inattention, withdrawal, and aggression. It is well documented that sleep problems are very common in
children with ASD, although its prevalence varied from study to study, even with up to over 80%[2].
Emotional and behavioral problems have also been found to co-occur in children with ASD, and the co-
prevalence is much higher than that of typically developed children[3, 4]. It is common for the co-



Page 4/17

occurrence of attention-de�cit hyperactivity disorder (ADHD) and ASD with a co-prevalence of 28.2% (95%
CI 13.3–43.0)[5], and patients with autism often manifest some clinical features of ADHD, such as
attention-de�cit. Meanwhile, a considerable number of patients with ASD often exhibit aggressive
behaviors (including self-aggression and other-aggression), as reported that nearly one-third of the
children with ASD displayed aggression that may disturb the parents or caregivers and may lead to a high
risk of hospitalization and worse prognosis at the same time, resulting in an increasing burden on family
and society[6, 7].

The relationships between core and associated symptoms or comorbidities and within associated
symptoms have been partly explored yet lack holistic view, especially for the relationships between core
and associated symptoms. Sleep disturbances are found to exacerbate autistic symptoms[8]. It has also
been reported that aggressive behaviors are associated with sleep problems, attention problems,
impulsivity, or hyperactivity. Concurrently, the severity of sleep problems is related to the severity of
aggressive behavior, as the more serious the sleep disturbance, the more aggressive behavior the patients
may suffer in[6, 7]. In addition, emotional and behavioral problems often interfere with each other, which
can lead to the deterioration of the disorder and ultimately result in exacerbation of functional
impairment and poor prognosis[9, 10]. This means that complex relationships may exist in the symptoms
of ASD and may interfere with each other, leading to increased di�culty in disorder management.

Accordingly, we designed the present study to explore the multidimensional relationships among these
core symptoms and co-occurring symptoms of ASD. Network analysis[11, 12] approach was used to
assess the partial relationships of these symptoms in ASD. Rooted in physics and mathematics, network
analysis is an integrative approach that can be applied in psychopathological research of mental
disorders by establishing a network model to study the multidimensional relationships between
symptoms and disorders. For example, researchers examine the relationships between depression and
anxiety symptoms using network analysis[13]. Given the di�culties in the improvement of the core
autistic symptoms, our �ndings provide an important reference for the use of these interactions to
alleviate the core symptoms by dealing with the “marginal symptoms” to improve the prognosis of
children with ASD.

Methods
Study Sample

Data of children with ASD were derived from the Autism Clinical and Environmental Database (ACED) in
China, which was established in 2012 by the Second Xiangya Hospital of Central South University, and
had been described in detail in our previous article[14]. Children with ASD were recruited in special
education schools or hospitals around China. The inclusion criteria were as follows: (1) 2-5 years old and
(2) diagnosed with autism, Asperger’s disorder, or pervasive developmental disorder not otherwise
speci�ed (PDD-NOS) according to the criteria of the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revised (DSM-IV-TR), which was consistent with the diagnostic criteria of
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ASD in the DSM-V. Patients were excluded if there were any evidence of potential physical disorder, or
they were diagnosed with any other psychiatric disorder or developmental disorder. Neuropsychological
and psychopathological evaluations were conducted by trained child psychiatrists.

This study was approved by the Ethics Committee of the Second Xiangya Hospital. The parents or legal
guardians of the subjects who participated in this study signed the consent forms.

Measurements

Social Responsiveness Scale

Social Responsiveness Scale (SRS) is a 65-item rating scale that measures the severity of autistic
symptomatology observed by parents or caregivers[15]. It assesses �ve aspects of social impairments:
social awareness, social cognition, social communication, social motivation, and restricted interests and
repetitive behavior. Raw scores were used in the study because of the lack of norms in China. Higher
scores indicate more severe symptoms of ASD.

Children’s Sleep Habits Questionnaire

Children’s Sleep Habit Questionnaire (CSHQ) is a parent-report questionnaire widely used in pediatric
sleep questionnaire[16]. The scale has 33 items, and each item is rated on a 3-point scale (1=
never/rarely, 0-1 night per week; 2= sometimes, 2-4 nights per week; and 3= usually, 5-7 nights per week).
Raw scores were used in the study, and a higher total score indicates worse sleep problems.

Child Behavior Checklist for Age 1.5-5

Child Behavior Checklist for Age 1.5-5 (CBCL/1.5-5) has been broadly used to assess preschool children’s
emotional and behavioral problems for a long time[17]. It lists 99 items comprising seven domains:,
including emotional problems, anxious/depressed problems, somatic complaints, withdrawal, sleep
problems, attention problems, and aggressive behavior; and three summary scales: internalizing,
externalizing, and total problems. The scale needs parents or caregivers to rate each question on a 3-
point scale (0= not true, 1= somewhat or sometimes true, and 2= very true or often true). In addition to the
raw score, the T-score can be transformed based on the norm of the population. Here, the T-score was
used to re�ect the severity of emotional and behavioral problems. The higher the score, the worse the
problems.

Statistical and Network Analysis

Demographic and clinical characteristics were analyzed using SPSS version 19 (SPSS, Inc., Chicago).

The network analysis was performed using a graphical Gaussian model (GGM) in R language. We
constructed the networks by using the total score of CSHQ total and subscale scores of SRS and CBCL.
Each of them is symbolled as “node”; the “edges” between the “nodes” represent the partial correlation
between them. The thicker/wider the edge, the stronger the correlation. Green edges indicate positive
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correlation, while pink edges show negative correlations. Apart from the “edges”, we also estimated the
central estimation and stability of the network.

Results
A total of 474 participants with ASD were recruited in our study. Table 1 summarizes the clinical and
demographic characteristics of all subjects. These patients were all preschool children aged 2-5 years, of
which male children were predominant. The subscores of the three scales are shown in Table 1 in the
form of “Mean (Standard Deviation).”

Network Analysis

Characteristics of the network structure

Figure 1 shows the network structure of subjects with ASD. Results showed a well-connected network,
since there were no isolated nodes. A total of 52 edges in this network had absolute weights greater than
zero, that is, roughly 33% of the theoretical 78 edges had a weight of zero. Notably, approximately all the
edges showed positive relationships between nodes; only one edge [average edge weight (AEW) = -0.091,
see Supplementary Materials] that connected “anxious/depressed problems” (node 8) and “social
awareness” (node 1) represented a negative connection. Among all the edges, as depicted in Figure 1, the
edge between nodes 5 and 13 (AEW = 0.369) is the strongest, representing the sleep problem assessed by
CBCL and CSHQ, respectively. The second largest edge lay between “emotional problem” (node 7, which
belongs to internalizing problem) and “anxious/depressed problems” (AEW = 0.354). These two nodes
were within the items of CBCL. This was followed by the edges that linked “emotional problem” and
“aggressive behavior” (node 13) (AEW = 0.354). Among the edges, the line between “emotional problem”
and “social cognition” (node 2) was the thinnest (AEW = 0.004).

In addition, apart from the intense relationships with “social awareness” (node 1), “social cognition” (node
2), “social motivation” (node 4), and “restricted interests and repetitive behavior” (node 5, one of the core
symptoms in ASD), “social communication problem” (node 3, another core symptom of ASD) had a
strong correlation with “withdrawal” (node 10, AEW = 0.199). Through node 10, these nodes could
establish indirect contacts with “attention problem” (node 12) and “aggressive behavior” (node 13)
(weight of edge between node 10 and node 12 = 0.304), so did the other associated symptoms of ASD:
emotional problems, anxious/depressed problems, sleep problems, and somatic complaints. Meanwhile,
“anxious/depressed problems” also had relatively weaker direct relationships with core symptoms. This
means that high correlation exists between core and associated symptoms.

There were also broad partial correlations between somatic complaints (node 9) and internalizing
problems (nodes 7 and 8), externalizing problems (node 13), and sleep problems on the CBCL scale.

Centrality estimates
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 Figure 2 illustrates the centrality estimate index–node strength. Node 3 had the greatest strength
estimate among all the nodes (centrality weight = 1.311), which had a much higher node strength than
that of all other nodes. That is, node 3 had strong partial correlations with all other nodes. In other words,
social communication problems were the most central symptoms. The lowest centrality node was node 9
(somatic complaints, apart from node 6, which was parallel to node 11) (centrality weight = 0.568). As
Epskamp’s prior work suggested that the centrality estimates indices of closeness and betweenness have
relatively poor stability[18], results of these two indices were not exhibited here (see details in
Supplementary Materials).

Stability and accuracy of the network

A bootstrapping procedure was used to assess the stability of the network (Figure 3a). For network edges,
the 95% con�dence intervals revealed high stability [Correlation Stability (CS) coe�cient >>0.75]. Among
the centrality indices, strength was highly stable (Figure 3b).

Discussion
We explored the overall relationship between the symptoms of autism through a large sample of children
with autism and an integrative approach-network analysis in this study. Overall, there were broad
relationships between the core and associated symptoms included in this study; and almost all of them
were positive, with only one negative relationship existed in “anxious/depressed problems” and
“awareness.” The associations between some of these symptoms were stronger than the other
associations. In consistency with the clinical characteristics of ASD, the symptom of “communication”
was the most central to the network. The strength centrality and network edges were highly stable,
indicating that our results are highly reliable.

1. Central symptoms in ASD

The strength centrality index demonstrated excellent reliability; thus, we focus our discussion on
symptom centrality on strength.

The social communication problem, the core symptom in ASD, was the most central symptom in our
study. Previously, there have been few network analyses on the multidimensional relationship between
symptoms of autism. Most of them were compared with other disorders on one or two symptoms, such
as depression[19] and obsessive-compulsive disorder[20], or evaluated with associated symptoms of
autism[21]. What is consistent with our research results is that, in Anderson’s studies about network
analysis of autism, “social” and “communication” domains of Autism Diagnostic Observation Schedule
(ADOS) ranked top two central items[21]; and the “anxiety” node in both ADOS and Revised Child Anxiety
and Depression Scale (RCADS) items were highly peripheral[12, 21], although previous study found a lack
of correlation between items scores of CBCL and ADOS[22, 23]. Here, “communication” was the most
central node in the network, and “anxious/depressed problems” node in the CBCL items had relatively
more peripheral centrality estimates. The lowest centrality node was “somatic complaints”, indicating that
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somatic problems were a peripheral symptom in ASD. However, there were quite a number of people with
autism who had experienced varied degree of chronic gastrointestinal (GI) problems during different
stages of the disorder[24, 25], and previous study suggested a interaction between anxiety and GI
problems[26]. Additionally, GI problems were associated with externalizing problem behavior and
internalizing symptoms, and the relationship varies in different ages of patients[25]. Therefore, further
studies are needed to explore the factors of the symptoms’ centrality estimates.

2. Connections among the core and associated symptoms of ASD

There were broad correlations between core and noncore symptoms in patients with ASD. In this study, a
direct relationship was found between anxiety problems and core symptoms, such as restricted interests
and repetitive behavior. A recent study indicated an insu�cient evidence to support a two-way
relationship between anxiety and core symptoms; however, it was also found that anxiety would
gradually increase the risk of social communication dysfunction, and the treatment of anxiety symptoms
would help improve social and emotional functions[27]. Furthermore, several studies demonstrated that
the presence of anxiety and depression symptoms leads to increased severity of ASD symptoms[28, 29].
Similarly, aggressive behaviors and sleep problems had connections with core symptoms and could link
via some nodes within the network to the core symptoms. Previous studies suggested that sleep
disturbance (such as short sleep duration) was associated with the severity of core symptoms[30] and
related symptoms[8, 31] in ASD. Additionally, our previous work found that aggressive behaviors were
signi�cantly associated with sleep problems and ADHD symptoms, which were treatable[14], and brought
new insight into the treatment of aggressive behaviors in ASD.

High comorbidity rates of ADHD were observed across ASD[32]. An increasing amount of evidence
suggests that ASD and ADHD may have shared genetic risk patterns[33-36]. Family-based studies show
that siblings of patients with ADHD have an increased risk of developing ASD symptoms[34], while
studies of twins show that common genetic factors may explain 50% to 70% of the covariance between
ASD and ADHD symptoms[35, 37]. Here, we found that there were direct or indirect relationships between
the characteristic symptoms of ADHD, attention problems, and the core symptoms of ASD—social
function and autistic behavior. We can learn that there is also an internal relationship between the clinical
phenotypes of ASD and ADHD. Both as neurodevelopmental disorders, ASD may overlap with ADHD in
genetic and clinical perspectives that brings new insights into recognizing them.

Relationships within associated symptoms were also found in this study. The edge between sleep
problems assessed by CBCL and CSHQ, in line with expectation, was stronger than all other edges in this
network that indicated the high consistency of the two scales and the good sleep status of children with
autism. Stronger connections also existed between emotional problems and anxious/depressed
problems, emotional problems and aggressive behavior, and withdrawal and attention problems. This
means that these symptoms could interact with each other, and a stronger symptom leads to a greater
degree of other symptoms. As mentioned earlier, there is a high prevalence of these symptoms in patients
with ASD. However, previous studies have not clearly explained the relationship between these symptoms.
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In Duvekot’s study, however, results demonstrated that the treatment of anxiety symptoms would help
improve emotional function[27]. Furthermore, the only negative connection existed in anxious/depressed
problems and social awareness assessed by SRS. Stephen et al. found that ASD patients with higher SRS
scores reported greater degree of anxious/depressed problems[38]. Other studies also suggested that
social function re�ected by SRS scores could predict the severity of anxiety[39, 40]. Mikle et al. found that
anxiety symptoms assessed by different scales had signi�cant correlations with the �ve subscales of
SRS, including the social awareness domain[41]. These �ndings were contrary to our results.

Previous research and clinical evidence show that the treatment of the core symptoms of autism is not
effective; whether drug or nondrug treatment, its effect is very small. Other ASD-related symptoms,
including attention problems, hyperactivity, anxiety or depression, and sleep disturbance, can also cause
clinically signi�cant problems[4]. Many tools can be used to manage these symptoms, such as drug
treatment, cognitive-behavioral therapy, and psychosocial treatment[42]. As shown in this study, these
ASD-associated symptoms have a complex positive correlation with core symptoms in children with ASD
and can interfere with each other, indicating that we can alleviate the core symptoms by treating them
and then improve the prognosis of patients, which requires follow-up data for con�rmation.

Limitations

The current study also had some limitations. First, as a cross-sectional study, the network analyses was
conducted by using cross-sectional data, so the analysis of some network characteristics is not su�cient.
It remains unknown that whether the network structure will change with the progress of the course of the
disease or the change of the severity of symptoms. Second, some nodes may actually be measuring
overlapping constructs (e.g. “sleep problems” measured by CBCL and CSHQ respectively), which could
arti�cially in�ate edge weights and centrality. Third, a group of typically developed children were not
enrolled as a controlled sample, and parent questionnairs were used in this study, which may lead to the
existence of some confounding factors. In the future, further research can be carried out through a well-
designed follow-up study.

Conclusion
We conducted a study to explore the holistic relationships of symptoms in a sample with autism using
network analysis. Our study found comprehensive relationships between core symptoms and ASD-related
symptoms and that they can interfere with each other. These �ndings indicate that controlling these
symptoms may improve core symptoms, such as ADHD-related symptoms. It may help identify new ways
to improve symptoms in ASD.
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Variable ASD (n=474)

M (SD)

Sex (male/female) 402/72

Age (year) 3.73 (1.01)

SRS  

SRS Total scores 93.26 (22.23)

Awareness 13.46 (2.91)

Cognition 18.26 (4.70)

Communication 32.92 (8.44)

Motivation 15.50 (4.46)

Restricted interests and repetitive behavior 13.13 (6.13)

CSHQ Total score 46.48 (6.25)

CBCL (1.5-5)  

Total problems 56.70 (10.05)

Internalizing problems 59.68 (9.29)

Emotional problem 57.00 (7.96)

Anxious/depressed problems 54.90 (6.09)

Somatic complaints 54.57 (6.46)

Withdrawal 72.25 (10.88)

Sleep problem 54.04 (5.96)

Externalizing problems 51.95 (8.67)

Attention problem 59.88 (7.47)

Aggressive behavior 53.53 (5.59)

Abbreviations: SRS, Social Responsiveness Scale; CBCL/1.5-5, Child Behavior Checklist version for
preschool children; CSHQ, Children’s Sleep Habits Questionnaire

Figures
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Figure 1

The network structure of ASD sample.

Figure 2
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Centrality estimate index–node strength of the network.

Figure 3

a) The bootstrap con�dence intervals of estimated edge-weights for the network of core symptoms and
noncore symptoms in ASD. Each horizontal line represents one edge of the network, ordered from the
edge with the highest edge-weight to the edge with the lowest edge-weight. Y-axis labels have been
removed. b) Average correlations between centrality index–strength of networks with sampled persons
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dropped and the original sample. Lines indicate the means, and areas indicate the range from the 2.5th
quantile to the 97.5th quantile.
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